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I. INTRODUCTION

This study is a part of the investigation on Ter-
tiary paleoclimate conducted by LEMIGAS Stratig-
raphy Group. The paleoclimate reconstruction cov-
ers most area of western Indonesia including South
Sumatra Basin, Sunda-Asri Basin, Northeast Java
Basin South Kalimantan and Northeast Java Basin,
West Natuna and South Sulawesi (Figure 1). This
paper is aimed to figure out the regional paleoclimate
of western Indonesia which occurred during Eocene-
Oligocene. In fact, the knowledge of paleoclimate is
useful to define sea level changes which are believed
to have relationship with stratigraphy and sedimen-
tology of these areas.

The paleoclimate interpretation can be approached
using different tools such as biostratigraphy and
geochemistry. In this study, paleoclimate is
interpretated based on biostratigraphy (microfossil
evidences) including palynomorph and foraminifer.
Palynomorphs were mainly applied on the non-ma-
rine to transitional sections, whilst foraminifers were
used in interpreting shallow to deep marine sediments.
In fact, most interpretations rely on palynological evi-
dences as these simply provide suitable data for
paleoclimate analysis. In case of both microfossils
appear in the same section, the paleoclimate inter-
pretation based on palynomorph can be placed in a
certain stratigraphic level which is defined based on
the occurrence of the age-restricted foraminifer.

The paleoclimate interpretation of certain strati-
graphic level is based on the compilation of palyno-
logical and foraminiferal data deriving from different
areas. This method is used to obtain representative
picture of paleoclimate which occurs in the selected
stratigraphic range of the western Indonesia.

II. DATA AVAILABILITY
Data obtained from the area of study was gener-
ated from two types of the samples. Firstly, subsur-

face (well) samples were provided by oil companies
which are then considered as confidential data. Sec-
ondly, surface samples were mostly collected by
LEMIGAS for its in-house research. The later are
public domain which need not permission for publi-
cations.

. It must be noted that this study only refers to the
existing palynological and foraminiferal data produced
by LEMIGAS and other service companies. This
study does not involve re-analysing new samples from
the studied areas.

LEMIGAS possesses a large number of biostrati-
graphic data covering the studied basins (Figure 1).
However, data with complete stratigraphic range is
actually restricted. Therefore, it is needed to search
some decent data to gain accurate interpretation. In
addition, LEMIGAS data is mostly concentrated on
marine microfossil analysis. On the other hand, pa-
lynological data for Paleogene non-marine succes-
sion is limited. Having these situations, the author
looked for the required data from other sources such
as publications which include Paleogene palynology.
For the purpose of confidentiality, this paper does not
reveal detail information of the data (such as well
name, well location, operator, etc) as this data be-
longs to the LEMIGAS'’s client.

III. METHOD

Astronomically driven climatic changes have re-
sulted in the successive sequestration of seawater
into polar ice caps since the Oligocene or Late Eocene
(Abreu and Anderson, 1978) and probably account
for most eustatic change over this period (Morley,
2003). The effect of climatic changes in the low lati-
tude has reduced the temperature and the moisture
availability during the periods of low sea ievel. Tem-
perature reduction was probably universal across the
low latitudes during the Last Glacial Maximum
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(LGM), with reductions of 4°— 6° C (Morley, 2000).
Therefore, fossil evidence for climatic change pro-
vides a proxy for sea level change.

A clear relationship between climatic and sea
level changes with vegetation changes is shown by
pollen evidence deriving from a deep marine Holocene
core of Lombok Ridge of South Sumbawa which was
originally constructed by van der Kaas, 1991 and
modified by Morley, 2003 (Figure 2). The glacial cli-
mates/ low sea levels were very dry which were
characterised by the abundance of
the Gramineae pollen, but low rep-
resentation of coastal plant and man-
grove palynomorphs. These dry cli-
mates were reflected by the period
of widespread savanna vegetation.
On the other hand, the interglacial i 5
climates/ high sea levels were mod-
erately moist which were indicated
by the increase of coastal plant and
mangrove pollen, but great reduction
of Gramineae pollen reflecting peri-
ods of forest and mangrove swamp
expansion during wetter climate
(Morley, 2003).

The changes of global tempera-
ture cause the changes of seawater
temperature. For the marine zoop-
lankton, for instance foraminifer,
these changes affect the size or
mean diameter of Orbulina, the ra-
tio between Globigerinoides or
Globoquadrina with Globigerina
assemblages, and the coiling direc-
tion of a certain species. In addition, =
the fluctuation of temperature stimu- =
lates precipitation or dissolution of ‘Sum
CaCO, in the marine sediment
(Soeka et al., 1994).
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IV. PALEOCLIMATE
INTERPRETATION

A. Eocene paleoclimate

The tectonic setting of western
Indonesia during Eocene is shown
in Figure 3. The distribution of In- = €iimates.
dian pollen of Palmaepollenites 1
kutchensis which covers India and
west Indonesia suggesting land con-
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nection between these areas during Middle Eocene
(Figure 3). Middle Eocene Nanggulan Formation is
characterised by high abundance and diversity of
palynomorphs. On the other hand, Late Eocene Toraja
Formation shows significant decrease of palynologi-
cal assemblage. In addition, Middle Eocene Nanggulan
Formation approximately consists of 300
palynomorphs, whilst Late Eocene Toraja Formation
only yields 120 different palynomorphs. More over,
many index pollen characterising the Middle Eocene
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vegetation under humid condition
during Middle to Late Eocene. The
Middle Eocene Nanggulan Forma-
tion is indicated by high abundance
and diversity of low land rain-for-
est elements suggesting wet climate
(Figure 4). The wet climate condi-
tion is represented by high abun-
dance of wet climate indicators
such as Sapotaceoidaepollenites
Spp-, Rettricolporites
equatorialis, Blumeodendron,
Campnosperma and
Dicolpopollis malesianus (Figure
4). On the contrary, the upper
Eocene Nanggulan Formation is
marked by the decrease of wet cli-
mate  markers including
Sapotaceoidaepollenites spp.,
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Nanggulan Formation disappear from the studied sec-
tions of the Toraja Formation such as aff.
Beaupreadites matsuokae, Ruellia type,
Polygalacidites clarus, Ixonanthes, Cupanieidites
cf. C. flaccidiformis, Cicatricosisporites
eocenicus. This indicates that the Toraja Formation
is stratigraphicaly younger than the Nanggulan
Formation.Therefore, it is concluded that the
Nanggulan Formation is assigned to Middle Eocene
age, whilst the Toraja Formation is interpreted to be
Late Eocene age. However, the upper part of the
Nanggulan Formation can be attributed to the Late
Eocene age.

Generally, both Nanggulan and Toraja Formations
contain high abundance and diversity of tropical rain-
forest palynomorphs such as Palmaepollenites
kicichensis, Palmaepollenites Spp-,
Sapotaceoidaepollenites spp., Rettricolporites
equatorialis, Blumeodendron, Campnosperma,
Marginipollis concinus and Dicolpopollis
malesianus (Figures 4 and 5). This situation suggests

at.mmwmmmmuwm1mmmmmm
distribution of Palmaepollenites kutchensis (black circles)
is taken from Harley & Morley, 1995)

Rettricolporites equatorialis,
Blumeodendron, Campnosperma
and Dicolpopollis malesianus
(Figure 4). More over, it is also in-
dicated by the significant appear-
ance of dry climate elements such
as Podocarpidites spp. (Figure 4).
These evidences suggest the influ-
ence of drier climate during Late Eocene compared
to that of Middle Eocene. Similar situation occurs in
the Late Eocene Toraja Formation of South Sulawesi,
in which wet climate indicators shows low abundance
and diversity such as Lakiapollis ovatus,
Malvacipollis diversus, Sapotaceoidaepollenites
spp. and Stemonurus type (Figure 5). In addition, the
dry climate element appears within the Late Eocene
Toraja Formation as shown by the existence of
Monoporites punctatus (Graminae; Figure 5).

The paleoenvironment of the Middle to Late
Eocene succession is depicted in Figure 6. It shows
well development of low land vegetation during Middle
Eocene. On the other hand, low land area gradually
decreased toward Late Eocene which was then re-
placed by hinterland (Figure 6).

Overall, it can be concluded that the Eocene cli-
mate varied from wet climate in Middle Eocene to
dry climate in Late Eocene. The appearance of dry
climate in Late Eocene might be influenced by the
global event, so called “terminal Eocene cooling™ as
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occurred in West and Central Europe (Collinson,
1992), North America (Wolfe, 1992) and Central
America (Graham, 1994).

B. Oligocene paleoclimate

Generally, the Oligocene successions are
characterised by the decrease of palynological as-
semblages compared to those of the Eocene sedi-
ments. Many Eocene palynomorphs disappear from
the Oligocene sections. Although, the geographical
position of Southeast Asia during Oligocene was about
the same as that in Middle-Late Eocene (Figure 7),
in fact, everwet climate locally developed across
Southeast Asia during Oligocene as indicated by the
restricted occurrence of tropical rain-forest in this
area (Figure 8).

In Sunda Sub-basin, the Oligocene sections are
indicated by high abundance of fresh-water lake al-
gae of Pediastrum suggesting lacustrine environment
(Figure 9). The dry climate indicators moderately
appear together with this algae including

Monoporites annulatus (Graminae) and
Cyperaceae (Figure 9). The sections with abundant
Pediastrum may be attributed to Early Oligocene age
due to the absence of pollen Meyeripollis
naharkotensis (Morley, 1991). Mean while,
Pediastrum, M. annulatus and Cyperaceae gradu-
ally disappear toward Late Oligocene successions.
These palynomorphs were absence during middle to
upper parts of Late Oligocene age. On the other hand,
wet climate markers significantly occur during Late
Oligocene such as Campnosperma, Calophyllum
type, Sapotaceoidaepollenites spp. and
Striatricolpites catatumbus. These evidences sug-
gest wetter climate than that of Early Oligocene age.
This interpretation is supported by the increase of
marine and brackish indicators such as Dinoflagel-
lates, Zonocostites ramonae and Discoidites
borneensis marking the occurrence of marine influ-
ence (Figure 10).

Similar situation is found in the Late Oligocene
sections of Northwest Java-Basin where fresh wa-
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Pollen record from Middle to Late Eocene Nanggulan Formation of Central Java
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Pollen diagram from the Kalumpang section shows the polynomorph assemblage existing in the Toraja of South Sulawesi

QUANTITATIVE PALYNOLOGICAL ANALYSIS CHART

Pmology |  Paymology

sochues
5 me s Doze 3 u3 u
¢ oo & o e L e L
11 L1l L1l L 11 1 ]
wmswgy dee)
2 = ]
; g By ROy
> e ey
3 [ & Eas
§ eioyouljed suoz |+ [P ——— R 1 £
g 1
o) "ouaIyD oby | | e
E o
d g !
= g % ST uoRBLLIO ‘:'I vyiEv YO
-
S§iis: TR T
-- . 3 ; =8 ABorowrt ||ihy A M
e e - 1 1K) (N L
23 - £ . 7
Sis525% i $ £

15



EOCENE-OLIGOCENE CLIMATE BASED ON PALYNOLOGICAL LEMIGAS SCIENTIFIC CONTRIBUTIONS

EKO BUDILELONO VOL. 29. NO. 2, AUGUST 2006: 10 - 23
28 =
h !]r cid; webyy
L A |

* 8 SISO IRINLI A |
R suodee @l L |

(woous) de suelg

8 80008 Lo Y
AR B o sl

LEMIGAS, Biostratigraphy
Division. Jakarta, Indonesia

Figure 5
Continued

16



LEMIGAS SCIENTIFIC CONTRIBUTIONS

EOCENE-OLIGOCENE CLIMATE BASED ON PALYNOLOGICAL

EKO BUDILELONO

VOL. 29. NO. 2, AUGUST 2006: 10 - 23

uoneuuo uejnbbuep suaosog a3 0} o_v_u_q._.-mo_.“: JO UORONIISUOIAI JUBWLIOIIAUSORR R
gal

L by
AT ROV S
J21r0U KRS T

FLEL AR A RE S T

AlEE |

NOLLYRRIOH NYTNOONYN HIAM T

17

|

(Lo Wy 3 8) @ nppaaod
(ax gy I.r;«x.«xun:

¢ rhs wjumage sabery|
LYK S8 P RUDAY FRI0P

L

s |




=OCENE-OLIGOCENE CLIMATE BASED ON PALYNOLOGICAL LEMIGAS SCIENTIFIC CONTRIBUTIONS
EKOBUDILELONO VOL. 29. NO. 2, AUGUST 2006: 10 - 23

Figure 7
Oligocene plate tectonic setting and paleogeography of SE Asia and East Pacific (Hall, 2002)
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ter and brackish palynomophs are dominant
(Figure 11). Lacustrine marker of
Pediastrum is absent from these sections.
In addition, Wet climate indicators are more
abundant and diverse than the dry climate
elements (Figure 12). It is concluded that
the Late Oligocene sediment of Northwest
Java Basin was formed under wet climate
condition.

In the Natuna Basin, the Oligocene cli-
mate varied from dry to wet climate which
is characterised by the various abundance
of Gramineae along Oligocene section (Fig-
ure 13). Gramineae increased significantly
during dry climate. On the other hand, this
pollen decreased during wet climate (Fig-
ure 13). The fresh water algae of
Pediastrum and Bosedinia occurred along
the Oligocene succession. These algae
tended to be abundant in the dry season,
whilst in the wet season they showed some
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The summary of the palynological record decreases (Figure 13).
of the Sunda Sub-basin Qverall, it can be concluded that the Oli-

gocene climate shows some gradation from
dry climate in the lower section to wet cli-
mate in the upper section.
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i paleoclimate changes cover large area of

western Indonesia, therefore it is used
biodata collected from the separate basins
which are located within this area. This pa-
per tends to figure out the regional
paleoclimate which occurred during

‘ l Eocene-Oligocene in western Indonesia
(Figure 14). The Middle Eocene climate is

indicated by high abundance and diversity
g of low land rain-forest palynomorph suggest-
ing well development of rain-forest vegeta-

tion under humid condition. In addition, itis
also characterised by high abundance of wet
climate element indicating the occurrence
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Figure 10 of wet climate. On tie other hand, the op-
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Division. Jakarta,

Figure 11
The summary of the palynological record of the Jatibarang Sub-basin
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Figure 13
The summary of the palynological record of the West Natuna Basin
(taken from Morley, 2000)
element and wet climate indicator decrease signifi-
cantly. This situation may suggest the presence of
PALEOCLIMATE A :
AGE — —= dry climate during the Late Eocene.
. In Sunda Sub-basin, Early Oligocene is clearly
g characterised by abundant freshwater algae of
_ Pediastrum suggesting lacustrine environment. In
> fact, it associates with moderate abundance of dry
climate indicators such as Monoporites annulatus
P
(Gramineae) and Cyperaceae. This situation suggests
that Early Oligocene experienced dry climate condi-
# 5 : : : :
< tion. Unlike Early Oligocene, Pediastrum disappears
3 ol within the Late Oligocene section. Mean while, man-
§ grove and back-mangrove vegetations increase sig-
i nificantly indicating brackish environment. Dry cli-
mate elements gradually disappear toward the Late
g p
Oligocene section, whilst wet climate indicators in-
Figure 14 crease significantly along this section. This situation
Paleociimatic curve during suggests the existence of wet climate during the Late

DEONGIOMS I SIS onees Oligocene.
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