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ABSTRACT

Lithological complexity and intense hydrocarbon exploration with the objective of Late
Miocene sediments in Kutei Basin has provided the impetus for more refined Late Miocene
nannoplankton zonation than the standard global schemes of Martini (1971). Investiga-
tion to the quantitative nannoplankton analysis results in Kutei Basin has been done, and
there is evident that the deltaic sediments of this basin give an excellent nannoplankton
assemblage dataset to refine the Late Miocene biostratigraphy.

Biostratigraphically, Late Miocene ranges from the middle part of zone NN9 to the
middle part of zone NN12 of Martini zonation (1971). Zone NN11 is the most crucial zone
to be refined since this zone has long time interval (more than 2m.a.). In this paper, this
zone can be subdivided into 7 subzones (NN11la-NN11g) based on relatively permanent
occurrences of 6 biomarkers. They are from the base to the top, as follow: FO Discoaster
quinqueramus, LO. Minilitha convalis, LO Discoaster bergenii, FO Amaurolithus primus,
FO Reticulofenestra rotaria, LO, Discoaster berggrenii, LO. Reticulofenestra rotaria and
LO Discoaster quinqueramus.

In spite of zone NN9, NN10 and NN12 which have relatively short stratigraphic ranges,
each zone can also be subdivided into 2 subzones. The base and the top of zone NN9 is
indicated respectively by the FO and LO Discoaster hamatus. It can be subdivided by the
FO Discoaster prepentaradiatus into subzone NN9a and NN9b. Zone NN10 is marked by
the LO Discoaster hamatus at the base and FO Discoaster quinqueramus at the top. It can
be subdivided into subzones NN10a and NN10b by the LO Discoaster bollii. Zone NN12 is
characterized by the LO Discoaster quinqueramus at the base and the FO Ceratolithus
rugosus at the top. This zone can be subdivided into subzone NN12a and NN12b by the LO
Helicosphaera intermedia.
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The Kutei Basin represents one of the most eco-
nomically important sedimentary basin in Indonesia
(Figure 1). This basin is the largest and the deepest
Tertiary basin in western Indonesia and covers an
area of approximately 60.000 km? and contains a
Tertiary sedimentary section of up to 14 km (Allen,
1998). Lithological complexity of deltaic sedimenta-
tion and intense hydrocarbon exploration with the

objective of Late Miocene sediment in Kutei Basin
has provided the impetus for more refined and pre-
cise Late Miocene nannoplankton zonation than those
provided by the standard global schemes of Martini
(1971) or Okada & Bukry (1980). Investigation to
the quantitative nannoplankton analysis results in Kutei
Basin has been done, and there is evident that the
sediments of this basin give the excellent nannoplank-
ton assemblage dataset to refine the Late Miocene
nannoplankton biostratigraphy.
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Biostratigraphically, Late Mi-
ocene ranges from the middle part — — -
of zone NN to the middle part of & | I W
zone NN12 of Martini zonation { hﬁ}j.

(1971). This age was a time of
rapid evolution of Genera
Discoaster, and there is an evident
that some 17 species occur and
some 20 species extinct during
about 6.2 m.y of the Late Miocene
time interval. Some species from
Genera Minilitha, Amaurolithus,
Ceratolithus and Reticulofenestra
also evolved within this age. Based
on the data above, the subdivision
of Late Miocene must be better
than 4 zones suggested by Martini
(1971) or 4 zones and 6 subzones
by Okada & Bukry (1980). The
problem is to find their consistent
stratigraphic events. Moreover, the
studies in Indonesia have revealed
that the stratigraphic ranges of sev-
eral species are different from
those in any publication, owing to
paleolatitude, local environmental
condition and litological factors.
Even, some species are not recov-
ered.

Legend
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Figure 1
Kutei basin and studied area

I1. MATERIAL AND

METHODS Gt Cors soewcs
The basis of the Late Miocene i T
nannoplankton biostratigraphic re- e ey
vision is results of nannoplankton b’ it oo
biostratigraby from 23 well sections l
(5 well sections are displayed in the ' B P Mt
appendices). The samples com- l

prises a great number of ditch cut-
ting, core and SWC (side wall core), Any Publications [+ Distribuson Cherta of 23 wells [~ Marti (1971)
those were processed mainly
using smearing method and
embedded in Entellan. The analyzed

interval was determined systemati- Comalalion sith
cally and the observation was un- P o vag
dertaken at a magnification of sl ks
1000x using light microscope (LM) _

Figure 2

in quantitative method. Observation

. . . ) Flow chart of research methodology
techniques comprise bright field
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(BF), cross polarized light (XPL), Gypsum plate
in XPL and phase contrast. Taxonomy and termi-
nology in the description of index species refers to
Perch-Nielsen (1985). The standard zonation of
Martini (1971) is used as a mainframe to subdivide
Late Miocene into several subzones, and then the
result is correlated with planktonic foraminiferal zo-
nation, Letter Stage and palynological zonation. (Fig-
ure 2).

1. LITHOSTRATIGRAPHY

Lithostratigraphy for Kutei Basin is in confusion
since each petroleum companies use the different
stratigraphic nomenclature. This paper refers to be-
low stratigraphic column. This studied sections com-
prises of two lithostratigraphic units, include
Balikpapan and Kampung Baru Groups. These units
were deposited during the stratigraphic phase was
contemporaneous with basin uplift and inversion, with
the results a vast series of alluvial to deltaic and ma-
rine sediments. Balikpapan Group is composed by
alternation of slightly calcareous to
calcareous sandstones and shale
with intercalation limestones.

V. CONTROVERSY OF THE MIDDLE/
LATE MIOCENE BOUNDARY

The Middle/Late Miocene boundary in zonation
of Martini (1971) is placed within NN9 by some au-
thors and in the uppermost part of NN7 by other au-
thors. This Paper refers to previously mentioned that
is proposed by Martini (1971) and followed by Perch-
Nielsen (1971). This event is represented by the the
first occurrence (FO) of Discoaster
prepentaradiatus which is correlative to the top of
planktonic foraminiferal zone N14. Bown (1999) is
one of the author that place the Middle/Late Miocene
boundary in the uppermost part of NN7 that indicated
by the extinction of broad and short arm Discoaster
group (Discoaster deflandrei and Discoaster
kugleri). The reason of extinction is uncertain, but it
might be an asteroid impact that occurred at 11 Ma.
Its crater name is Ewing (diameter 55km-150km) and
placed in Western Pacific (oceanic crater). Such
impact could result in severe global climate disrup-
tion (Paine, 2007). The abruptly change of climate

Kampung Baru Group is formed by

sandstones with intercalation shale

and coal.

IV. BIOSTRATIGRAPHIC
REMARKS

The nannoplankton assem-
blages are recovered vary from
rare to abundance and from low to
high diversity in studied area. Their

HNEOGENE

Mo

preservation is moderate to good.
Biomarkers of Late Miocene are
usually common and easily accom-
plished, although they are tend to

TERTIARY

G

be rare or absent in few well sec-
tions. Surprisingly, several bioevents
of some species were recovered
relatively consistent in the Late Mi-
ocene sediment succession after
careful study. This phenomenon is

PALEQGEME

Midle Lot Early | Late | Early

possible to be utilized as local
biomarkers to obtain the demand

about higher resolution biostratig-

FRE-TIR

Laie | Eary|

i

TR

raphy, and furthermore it will be a
reliable tool to make detail sedimen-
tary correlation within Kutei Basin.

Figure 3
Kutei basin stratigraphic column
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from warmer in the top of Middle Miocene to colder
in the base of Late Miocene is possibly indicated by
the significant global sea level fall between Middle/
Late Miocene boundary (Haq et al., 1988).

VI. THE LATE MIOCENE/PLIOCENE

BOUNDARY

Most of the authors agree that this boundary is
placed within zone NN12 (correlative to the top of
planktonic foraminiferal zone N17), which is coin-
cide with the extinction of Helicosphaera
intermedia. This species is the last isolated bridge
form of Genera Helicosphaera. This event is corre-
sponding to the climatic change from warmer to colder
and the meteorite impact that occurred at about 5
Ma. The evident of meteorite impact is a crater named
Kara-Kul (diameter 52 km) that placed in Tajikistan.

VIIl. BIOSTRATIGRAPHIC REVISION

The standard zonation of Martini (1971) is used
widely for hydrocarbon exploration in Kutai Basin,
and even in all over the world. This fact is being main
consideration to make this zonation to be a mainframe
for subdivision of the Late Miocene zonation into sev-
eral subzones to obtain a high resolution biostrati-
graphic scheme.

Based on the nannoplankton assemblages dataset,
the Late Miocene that ranges from zone NN9 to zone
NN12 can be subdivided as follows (Figure 4, Table
1-5):

Zone NN9

The bottom and the top of this zone are indicated
respectively by the first occurrence (FO) and last
occurrences (LO) of Discoaster hamatus. This zone
can be subdivided into subzones NN9a and NN9b.
Subzone NNO9a is characterized by the FO of
Discoaster hamatus at the bottom and the FO of
Discoaster prepentaradiatus at the top. Subzone
NN9b is marked by the FO of Discoaster
prepentaradiatus at the bottom and the LO of
Discoaster hamatus at the top. The boundary of
subzone NN9a/NN9b is assumed representing the
bottom of Late Miocene age.

Zone NN10

The bottom of this zone is assigned by the LO of
Discoaster hamatus, whilst its top is indicated by
the FO of Discoaster quinqueramus. Zone NN10
can be subdivided into subzones NN10a and NN10b.
Subzone NN10a s indicated by the LO of Discoaster
hamatus at the bottom and the LO of Discoaster bollii
at the top. Subzone NN10b is characterized by the
LO of Discoaster bollii at the bottom and the FO of
Discoaster quinqueramus at the top.

Zone NN11

The bottom and the top of this zone is marked
respectively by the FO and LO of Discoaster
quingueramus. This zone can be subdivided from
the base to the top into 7 subzones as follows: Subzone
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Figure 4.

Revision of the Late Miocene Nannoplankton Biostratigraphy, Stratigraphic Ranges of Index Species and
Its Correlation with Planktonic Foraminiferal Zonation, Letter Stages and Palynological Zonation
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Plate 1

Discoaster hamatus Martini and Bramlette, 1963

Asterolith has 5 rays and non-birefringent. The rays are long, slender, somewhat curved, possess
ridges in proximal surface, and turn sharply clockwise (in distal view) and downward near the end. The
tip of rays is asymmetrical bifurcation, although the smaller branch appears to be a continuation of the
main part of the arm as it extends in same direction. The other one is longer and lying in the different
plane. Central area has a stellate knob in the proximal side, whilst the distal face is ornamented with
depression around a small knob. The dimension ranges from 17 to 23 p. This species occurs only in
zone NNO.

Discoaster prepentaradiatus Bukry and Percival, 1971.
P ]

Asterolith has 5 symmetrical arrangement rays and non-birefringent. The rays are relatively short and
bifurcating at the tips in the same plane. The angle of bifurcation is about 120° and symmetric.
Central area is small and has a small knob. D. prepentaradiatus differs from the younger D.
pentaradiatus by lack of the typical downward bent arms and the birefriengence of its asterolith. The

dimension ranges from 13u to 18y. This species occurs in zone NN9 to NN10.
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Plate 2

Discoaster quinqueramus Gartner, 1969c.

Asterolith has 5 symmetrical tapering rays. Rays are long, slender and curve proximally. The tips of the rays
are pointed. Rays has concavo-convex shape and non-bifurcation. Inter-ray area is V shape. Central area
has large and high stellate proximal knob. In distal side, the central area exhibits characteristic ridges
along the sutural lines. Depression occurs between the sutural ridges. Length of the rays is 2x to 3x of
central area diameter. The dimension ranges from 10u to 20u. The occurrence of this species is only in
zone NN11.

Discoaster bollii Martini & Bramlette, 1963

Asterolith has 6 rays and wide central area. Rays are
short, tapering and terminate into short and slender
bifurcation. The angle of bifurcation is less than 90°
and slightly asymmetry. The distal side of the cen-
tral area is ornamented by a high stellate knob and
depressions, whilst the proximal side has a lower
and rounded knob, and the ridges radiating from knob
towards the rays. The dimension ranges from 7y to
12p. This species occurs from zone NN8 to the
middle part of zone NN10, but according to Bown
(1999), this species is only recovered in zone NN8 to
zone NN9.
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Plate 3
Minylitha convalis Bukry, 1973b

Nannolith consists of two polygonal convexo-concave calcite elements. The two elements are attached to
each other by their convex surfaces. It has elevated rim and central area depression. Nannolith appears
moderate bright around rim and dark in the center within polarized light. The strong birefringent is observed
in lateral view which is roughly resemble of the letter between | or X. The dimension ranges from 4p to 6p. This
species is found in the upper part of zone NN9 to the lower part of zone NN11, but very rare in zone NN9.

Discoaster bergenii Knuttel et al., 1989

Spum

This species appears like Discoaster quinqueramus, but central-area with knob is much wider and
length of rays is much shorter (diameter of central area is more than 2x of free ray length). Inter-ray
area forms U shape. The dimension ranges from 11u to 16y. Stratigraphic range is only in the lower
part of NN11 (subzone NN11a-b).

Amaurolithus primus (Bukry & Percifal, 1971) Gartner & Bukry, 1975

Horseshoe shape ceratolith with asymmetric short horns, broad arch and slight keels. This ceratolith
has roughly surfaces and shows weak birefringence between crossed nicols. This species is rela-
tively small size, the dimension ranges from 4p to 8. This species is found in the middle part of zone
NN11 to zone NN12.
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Plate 4

Reticulofenestra rotaria Theodoridis, 1984

Placolith with circular outline and wide rounded
central opening. Both proximal and distal shield
shows strong birefringence between crossed
nicols. This species is never abundant but dis-
tinctive. The diameter of outline ranges from 6y to
9u, whilst central opening from 5 to 7um. The
occurrence of this species is only in the upper

part of zone NN11 (subzone NN11e-f).

Spm

Discoaster berggrenii Bukry, 1971b.

The asterolith of this species is also like Discoaster quinqueramus. The Central-area of this species is
wider than Discoaster quinqueramus but narrower than Discoaster bergenii. Central area diameter of
this species is 1-2x of free ray length. The prominent stellate knob is present in the center of central area.
Inter-ray area is relatively V shape. The dimension ranges from 11y to 17p. This species occurs in the

lower part to the upper part of zone NN11 (subzone NN11a-e).

Plate 5
Helicosphaera intermedia Martini , 1965

The helicolith of this species is symmetrically elliptical with a
protruding terminal flange. Central opening is divided by an iso-
lated sigmoid bridge that forms a steeper angle with major axis
(<30°) with the result two slits are present beside the bridge. The
dimension ranges from 9u to 15u. This species is found in the
lower part of zone NP19 to middle part of zone NN12 (NP19 -
subzone NN12a).

The Ceratolith of this species has slightly asymmetrical horns
and relatively broad arch with short apical spine. One horn is
longer than the other. This species is often considered as the
same taxon with Ceratolithus armatus (right picture) by some
authors. The later form has a wider interior curvature and more
asymmetrical horns. The dimension ranges from 4u to 6y. The
occurrence of this species is only in the upper part of zone NN12.
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NN 1la (indicated by the FO of Discoaster
quingueramus at the bottom and the LO of Minilitha
convalis at the top), Subzone NN11b (characterized
by the LO of Minilitha convalis at the bottom and the
LO of Discoaster bergenii at the top), Subzone NN11c
(indicated by the LO of Discoaster bergenii at the bot-
tom and the FO of Amaurolithus primus at the top),
Subzone NN11d (characterized by the FO of
Amaurolithus primus at the bottom and the FO of
Reticulofenestra rotaria at the top), Subzone NN11e
(marked by the FO of Reticulofenestra rotaria at the
bottom and the LO of Discoaster berggrenii at the top),
Subzone NN11f (characterized by the LO of Discoaster
berggrenii at the bottom and the LO of Reticulofenestra
rotaria at the top), and Subzone NN11g (indicated by
the LO of Reticulofenestra rotaria at the bottom and
the LO of Discoaster quinqueramus at the top).
Zone NN12

The bottom of this zone is marked by the LO of
Discoaster quinqueramus, whilst its top is indicated by
the FO of Ceratolithus rugosus. This zone can be
subdivided into subzones NN12a and NN12b. Subzone
NN12a is indicated by the LO of Discoaster
quinqueramus at the bottom and the LO of
Helicosphaera intermedia at the top. Subzone NN12b
is characterized by the LO of Helicosphaera intermedia
at the bottom and the FO of Ceratolithus rugosus at
the top. The boundary of subzone NN12a/NN12b is
assumed coincide with the top of Late Miocene age.
Due to very rare occurrence of Ceratolithus rugosus
in many sections, the top of zone NN12 is difficult to
be defined precisely. The alternative of zonal markers
for the top of zone NN12 are the LO of Ceratolithus
acutus and Discoaster intercalaris. However, the LO
of Discoaster intercalaris tend to be little bit younger.

Photograph and description of the index species
can be seen in Plate 1 — 5. The simplified results of
atic nannoplankton studies. There is data in some un-
published reports that Discoaster bergrenii can be sepa-
rated into long arms, short arm-1 and short arms-2.
This is confusing because the shorter arms of
Discoaster berggrenii is Discoaster bergenii, and actu-
ally, the variance above is not caused by evolutionary
process, but impact of depositional, preservation and
laboratory process.

IX. ACKNOWLEDGEMENT

Special thanks are due to all nannologist in Strati-
graphic Group of LEMIGAS for data supply and en-
couragement during the preparation of this Paper.

REFERENCES

1. Allen, GP. & Chambers, J.L.C., 1988. Sedimenta-
tion in Modern Mahakam Delta. Indonesian Petro-
leum Association, 253p.

2. Bown, P.R.,1999. Calcareous Nannoplankton Bio-
stratigraphy. Kluwer Academic Publishers.

3. Bukry, D. 1973b. Coccolith and Silicoflagellate
Stratigraphy, Deep Sea Drilling Project Leg 18,
Eastern North Pacific. Initial Rep. Deep Sea Drill.
Proj., 18, 817-31

4. Bukry, D. & Percival, S.F. 1971. New Tertiary Cal-
careous Nannofossils. Tulane  Stud.
Geol.Paleontology, 8, 123-46.

5. Gartner, S.Jr. 1969c. Correlation of Neogene Plank-
tonic Foraminifera and Calcareous Nannofossil
Zones. Trans. Gulf Coast Assoc. Geol. Soc., 19,
585-99.

6. Gartner, S.Jr & Bukry, D. 1975. Morphology and
Philogeny of the Coccolithophycean family
Ceratoliyhaceae. J. Res. U. S.Geol. Surv., 3, 451-
65.

7. Knuttel, S., Russel, M.D. and Firth, J.V. 1989. Neo-
gene Calcareous Nannofossils from Leg 105: Im-
plication for Pleistocene Paleoceanographic Trends.
Prooceding of the ODP Scientific Result, 105, 245-
262.

8. Martini, E., 1971. Standard Tertiary and Quater-
nary Calcareous Nannoplankton Zonation in
Farinacci, A. (Ed). Proc. 2nd Plank. Conf. Roma,
pp. 739-784. Edizioni Tecnoschienza, Roma.

9. Martini, E. & Bramlette, M.N. 1963. Calcareous
Nannoplankton from the Experimental Mohole Drill-
ing. J. Paleontology, 37, 845-56.

10. Okada, H. & Bukry, D. 1980. Supplementary
Modification and Introduction of Code Numbers
to the Low Latitude Coccolith Biostratigraphic Zo-
nation (Bukry, 1973; 1975). Marine Micropaleon-
tology, 5(3), 321-5.

11. Payne, S.N.J., Ewen, D.F. & Bowman, M.J. 1999.
The Role and Value of ‘High Impact Biostratigrafi’
in Reservoir Appraisal and Development. Geologi-
cal Society, Special Publication No. 152.

12. Perch-Nielsen, K. 1985, Cenozoic Calcareous
Nannofossils, in Bolli, H.M., Saunders, J. B. &
Perch-Nielsen, K. eds., Plankton Stratigraphy.
Cambridge University Press. Cambridge.

13. Theodoridis, S.A. 1984. Calcareous Nannofossil
Biozonation of The Miocene and Revision of the
Helicoliths and Discoasters. Utrecht Micropaleon-
tological Bulletins, 32, 1-271.”

192



