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ABSTRACT

The date of the paleoclimate event was ascertained using a biostratigraphic
analysis. The thickness of the Oyo Formation was measured using measure-
ments with a Jacob stick method, yielding a thickness of 80.8 meters and 23
rock samples. In the Southern Mountains Zone, new result of the age of the
upper part of the Oyo Formation by biostratigraphy investigation of the hill
Late Miocene (9.79 Ma to 5.78 Ma). Biostratigraphic investigation in the Oyo
River revealed 28 species and 9 genera, with two datums. The study area was
classified into three biozonations based on the datum found Globorotalia
acostaensis/ M13a/N16 zone, the lower Globorotalia plesiotumida/M13b/N17
zone, and the upper Globigerinoides conglobatus/M14/N17 zone. The results of
a paleoclimate analysis on the Oyo River Section show a general cooling ten-
dency in the study area. Seven paleoclimate zones can be determined from
these trends consisting of four warm and three cold zones. Zone I (warm),
zone II (cold), zone III (warm), and zone IV (cold) have the coldest peak in the
study region in 8.3 Ma, zone V (warm), and zone VI (cold), followed by zone
VII (warm). Based on the correlation with other studies (South China Sea, Pa-
cific Ocean, Oyo River, Ngalang River, and Ngioro Section), paleoclimate
events in the study area occur globally.

Copyright: © 2023, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

The Late Miocene age period, when the global climate experience a cool-
ing trend, has many fascinating phenomena to investigate (Zachos et al.
2001). The stable oxygen isotope value increased to a maximum of 6.9
million during the Late Miocene, according to Billups (2002). At first,
this pattern was thought to increase global ice volume due to a two-step
increased benthic foraminiferal §°0 values site located on the Atlantic
coast of Morocco. Still, after studying the trends associated with cooling
the air masses in the Southern Ocean, it was found that after the Middle
Pliocene, both the north and south poles were covered in ice. Other
changes included the cooling of the ocean, expansion of the Antarctic ice
sheet, chunks of ice in the north (predominantly in the North Atlantic),
and other changes (Billups 2002). The ratio of oxygen isotopes at 6.8 Ma
- 4.8Ma, was used in the study of Rousselle et al. (2013) in the IODP
U1338 well in the Pacific Ocean. It is also experiencing a decrease in

-1-



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb81769

temperature. The Middle China paleosol layer between 7.1 Ma - 5.5 Ma
shows the dominant winter monsoon. Evidence of hydraulic changes in
the South China Sea, changes in vegetation, the average grain size of sed-
iments, and the dominance of s mollusk groups that live in dry-cold con-
ditions in China; all support the theory that drying and freezing occurred
on the Asian continent at the age of 7 Ma (Holbourn et al. 2018). Signifi-
cant biological, climatic, and tectonic changes have happened elsewhere,
particularly in Asia, Concurrent with advances at both poles. It is, there-
fore, fascinating to do paleoclimate studies in the Late Miocene.

In Indonesia, the Late Miocene age range also shows a cooling
trend by several researchers using foraminifera, nannotossil and isotopes.
Van Gorsel & Troelstra (1981) in the Late Miocene to Pliocene age
range and Rachmadhan (2019) in the Middle Miocene to Pliocene age
range provide evidence of paleoclimate examples utilising foraminifera
and Choiriah & Prasetyadi (2020) in the Late Miocene to Early Pliocene
age range using nannofossil to determine paleoclimate. The three re-
searchers performed their investigation in the Kendeng Zone. In terms of
isotope studies for paleoclimate, one was carried out by Akmaluddin et al.
(2010) in the Southern Mountain Zone.

Paleoclimate studies planktonic foraminifera conducted in the Solo
River by Van Gorsel & Troelstra (1981) revealed that cooling occurred
in the Late Miocene. Rachmadhan (2019), in the Late Miocene age range
of the Ngioro Section, there were three paleoclimate climate changes,
with a tendency to warm in 8.68 to 6.2 Ma, cooling in 6.2 to 5.72 Ma and
cooling in 5.72 to 5.48 Ma. Choiriah & Prasetyadi (2020) in the Kedung
Sumber River in the Late Miocene age range also shows a cooling trend.

Akmaluddin et al. (2010) used stable oxygen and carbon isotopes
in the Ngalang River in the Oyo Formation in the Late Miocene age
range 11 Ma - 9.2. There was a decrease in the stable carbon value and
an increase in the stable oxygen value; this is indicated as a cooling trend
and coincides with the decline in the Indonesian sea, resulting in a de-
crease in sea level. However, paleoclimate studies in the Southern Moun-
tains Zone at a younger age range have yet to be carried out, so paleocli-
mate studies in the upper Oyo Formation have been attempted. One of
the locations exposed by Late Miocene sedimentary rocks in the Oyo
Formation is in the Oyo River Section, Playen District, Gunung Kidul
Regency, Yogyakarta (Figure 1).

Changes in the form of ocean circulation have an impact on basin
topography, climate change, and tectonic movements. The flow is aftect-
ed by a restricted route caused by plate displacement. The walkway is
known as a seaway. The Indonesian seaway influences the research area,
which results in the closure of the equatorial ocean current system be-
tween the Pacific Ocean and the Indian Ocean. The closure of the equato-
rial ocean current affected temperature changes in Indonesia during the
Miocene-Pliocene. Wilson (2008) revealed the closure of the Indonesia
seaway, which shows the tectonic movement of the distribution of car-
bonate rocks in Indonesia, indicating a process of movement of the Aus-
tralian plate to Eurasia resulted in the closure of the Indonesia seaway
(Figure 2).

Biostratigraphic evidence is required to determine when the paleo-
climate event occurred. Biostratigraphic studies on planktonic foraminif-
era were conducted by observing the presence of foraminifera species
from foraminifera shells in the form of micro-sized sediment grains dis-
covered after preparation. In contrast, studies on nannofossil were con-
ducted by observing the presence of morphology of nano-sized nannofos-
sil species after smear slides from images. Biostratigraphic research in the
Southern Mountain Zone has been carried out by Surono (2009), Akma-
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Figure 1. Location of the Research Route in the Oyo River Section, Playen District, Gunung Kidul Regency, Yog-
yakarta (Badan Informasi Geospasial 2017)
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Figure 2. Plate movements during the Late Miocene were based on carbonate development (Wilson 2008).

luddin (2012), and Purbantoro et al. (2020). Surono (2009) using plank-
tonic foraminifera was carried out in the Ngalang River in the Upper
Sambipitu Formation during the Early Miocene age (N8), and the Oyo
Formation was Early — Middle Miocene (N8-N11). Akmaluddin (2012) in
the Ngalang River based on nannofossils from 39 samples, the Early —
Middle Miocene Sambipitu Formation (NN2-NN6) and the Late Miocene
Oyo Formation (NN8-NN10). In addition, further research on the bound-
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aries of the Sambipitu Formation and Oyo Formation on Jalan Ngalang -
Gading by Purbantoro et al. (2020) revealed that the Sambipitu For-
mation is N13-N15 in age, while the Oyo Formation is N14-N16. Despite
of several investigations, the upper Oyo Formation has never been the
subject of biostratigraphic investigation. Therefore, a thorough biostrati-
graphic study of the upper Oyo Formation, which represents the Late
Miocene age range, is required. This information will then be used to de-

termine when these paleoclimate changes had a place.

Regional Geology

Stratigraphy of the Southern Mountains Zone (Surono 2009), where Pre-
tertiary metamorphic rocks underlie the Southern Mountains Zone. Then
unconformably deposited sedimentary rocks of the
Eocene age, namely the Wungkal Formation and the Gamping For-
mation. Unconformably deposited in the Kebo FFormation and Butak For-
mation, which are of Late Oligocene — Early Miocene age. The Semilir
Formation harmoniously overlays the Kebo-Butak Cluster. Then the
Semilir Formation is overlapped in harmony with the Nglanggeran For-
mation. On top of the Nglanggeran Formation was deposited the Early
Miocene Sambipitu Formation, then successively superimposed by the
Oyo Formation and the Wonosari Formation on top of Sambipitu For-
mation. The Oyo Formation is Early Miocene - Middle Miocene, while
the Wonosari Formation is Middle Miocene - Late Miocene. Above, the
Wonosari Formation is punctuated by the Early Pliocene Kepek For-

on top, they were

mation.

Based on Figure 3 of the regional geological map (Surono et al.
1992), the study area is included in the Wonosari Formation. However,
this study refers to a research by Akmaluddin (2012), the Oyo Formation
includes the research area which its composition is dominated by tufta-
ceous limestone, tuffaceous marl and well-layered andesitic tuft, with de-

pository and biogenic structures.
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RESEARCH METHODS

Sampling in the field was carried out by stratigraphic measurements us-
ing the Jacob stick method. This study focused on using foraminifera
samples due to their abundance and ease of identification also, the deposi-
tional environment in shallow oceans made the foraminifera approach
more practical. The samples were prepared for planktonic foraminifera
welghing 100 grams per sample. Sample preparation was carried out at
the Paleontology Laboratory, Gadjah Mada University, starting from
mashing the sample, soaking it in a 10% H2O, solution for 1 hour, wash-
ing the sampling or sieving it using 8 mesh sizes 16, 30, and 120, then
drying the sample using an oven for 4 hours. with a temperature of 70°C.
The next stage of determination is identifying the fossils found and
counting the number of species obtained. This determination stage refers
to Bolli et al. (1989). The determination process was done at the Paleon-
tology Laboratory, Gadjah Mada University, with a 45x magnification
binocular microscope. After all, samples had been determined, and bio-
stratigraphic analysis was carried out.

The biostratigraphic analysis uses standard methods by determin-
ing the datum based on a species’ initial or late appearance. The determi-
nation of the datum used refers to Bolli et al. (1989), Blow (1969), and
Wade et al. (2011). After the datum was obtained, biostratigraphic zon-
ing was made. The biostratigraphic zone refers to the biozonation of
Blow (1969) and Wade et al. (2011).

RESULTS AND DISCUSSION

Research Area Stratigraphy

The Oyo River Section study line's stratigraphic measurements yielded
an outcome of 80.8 meters (Figure 4). Sampling was conducted at 1-
2meter intervals beside the empty zone. This investigation yielded 23
samples for biostratigraphic ,and paleoclimatic analysis.

The Oyo River Section consists of alternating carbonate sand-
stones, carbonate tuff sandstones, marl, and limestone, with a laminated
top parallel bedding and fine-coarse grain sizes. Tuff nodules are found in
several layers (Figure 5). Limestone inserts are found in the middle and
bottom of carbonate sandstone lithology at a thickness of 0-5.2 meters.
Then, at a thickness of 16.7-20 meters, limestone layers predominate.
Two marl strata are 24.9—25.5 meters thick and 30.4—31.3 meters thick.
There are alternations of carbonate sandstone limestone layers and car-
bonate tuft sandstones, with thicknesses ranging from 32.4 to 25.7 me-
ters. There are tuff nodules in several layers, and some have also under-
gone oxidation. Limestone layers were found between 61.4- 63 meters
thick. Carbonate sandstone and limestone alternate with a thickness of
67.5-80.8 meters.

Biostratigraphy

Biostratigraphic analysis of planktonic foraminifera was carried out using
a binocular microscope with a magnification of 45x in the study area,
which is in the Oyo River Section, Playen District, Gunung Kidul Regen-
cy, Yogyakarta. Biostratigraphic analysis of planktonic foraminifera in
the study area found rare to moderate foraminifera. From 23 samples, 9
genera and 28 species of planktonic foraminifera were obtained (Figure
6). Two datums were obtained in this study, the first appearance of Glo-
borotalia plesiotumida and the first appearance of Globigerinoides congloba-
tus. The Oyo River Section is separated into three zones based on these
two datums. The zoning arrangement from old to young (Table 1) in-
cludes:
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Figure 4. The results of measured stratigraphic measurements on the Oyo River Section with a thickness of 80.8
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Figure 5. Outcrop photo of carbonate sandstone and limestone on the Oyo River Section with a thickness of 69.2-
72 meters with sample code OYO/017/AAU at STA 9-10.

Globorotalia acostaensis / M13a / N16 Zone

The Globorotalia acostaensts zone was found in samples OYO/001/AAU —
OYO/010/AAU. This zone is characterized by the upper limit of the ear-
ly appearance of the species Globorotalia plesiotumida, while the lower lim-
it is unknown.

Reworked species in this zone are Globorotalia mayeri and Globoro-
talia fohsi fohsi. The Globorotalia acostaensis zone is by the presence of the
Globigerina  venexuelana, Globigerinoides —bulloideus, Globigerinoides
quadrilobatus, Globorotalia acostaensis, Globorotalia humerosa, Globorotalia
menardii, Hastigerina siphonifera, and Sphaerodinellopsis seminulina.

The Globorotalia acostaensis zone is equated with the Blow zone
(1969) aged N16 (Late Miocene) or in the age range of 9.79 Ma to 8.52
Ma. (Wade et al. 2011). This zone can be compared to the Globorotalia
acostaensis zone (Blow 1969) or the Neogloboquadrina acostaensis zone
(M13a) (Wade et al. 2011)

Globorotalia plesiotumida / M13b / N17 Lower Zone
The Globorotalia plesiotumida zone was found in sample OYO/011/AAU
— 0YO/019/AAU. This zone has a lower limit for the early appearance
of the species Globorotalia plesiotumida and an upper limit for the initial
appearance of the species Globigerinoides conglobatus.

Reworked species in this zone are catapsydrax dissimilis and Globoro-
talia fohsi fohsi. The Globorotalia plesiotumida zone is characterized by the
presence of the species Globigerina venezuelana, Globigerinoides bulloideus,
Globigerinoides quadrilobatus, Globorotalia acostaensis, Globorotalia humerosa,
Globorotalia menardiz, Globorotalia plesiotumida, Hastigerina siphonifera, and
Sphaerodinellopsis seminulina.

The Globorotalia plesiotumida zone is equated with the Blow zone
(1969) aged N17 Lower (Late Miocene) or in the age range of 8,52 Ma to
6,08 Ma (Wade et al. 2011). This zone can be compared to the Globoro-
talia humerosa zone (Blow 1969), or the Globorotalia plesiotumida zone and
Globorotalia lenguensis zone (M138b) (Wade et al. 2011).
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Figure 6. Assemblages of planktonic foraminifera species in the Oyo River Section (1) Globigerina venezuelana, sam-
ple OYO/001/AUU; (2) Pulleniatina obliquiloculata, sample OYO/007/AA; (8) Orbulina universa, sample OYO/004/
AUU; (4) Orbulina bilobata, sample OYO/002/AAU; (5) Globoquadrina altispira, sample OYO/007/AAU; (6) Glo-
boquadrina dehiscens sample OYO/006/ AAU; (7) Hastigerina siphonifera, sample OYO/001/AAU; (8) Sphaeroidinel-
lopsts disjuncta, sample OYO/001/AAU; (9) Sphaeroidinellopsis seminulina, sample OYO/004/AAU; (10) Globigeri-
noides sacculifer, sample OYO/006/AAU; (11) Globigerinoides bulloideus, sample OYO/006/AAU; (12) Globigerinoides
conglobatus, sample OYO/020/AAU; (13) Globigerinoides quadrilobatus, sampel OYO/003/AAU; (14) Globigerinoides
ruber, sample OYO/006/AAU; (15) Globigerinoides trilobus sample OYO/006/AAU; (16) Globorotalia acostaensts,
sample OYO/007/AAU; (17) Globorotalia crassaformis, sample OYO/006/AAU; (18) Globorotalia fohsi fohsi, sample
OYO/009/AAU; (19) Globorotalia humerosa, sample OYO/004/AAU; (20) Globorotalia mayeri, sample OYO/004/
AAU; (21) Globorotalia limbata, sample OYO/016/AAU; (22) Globorotalia plesiotumida, sample OYO/011/AAU; (23)
Globorotalia pseudopima, sample OYO/002/AAU; (24) Globorotalia sticula, sampel OYO/002/AAU; (25) Catapsydrax
disstmilss, sample OYO/012/AAU. Note: (a) ventral view, (b) dorsal view.

-10-



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb81769

Globigerinoides conglobatus / M14-/ N17 Upper Zone

The Globigerinoides conglobatus zone was found in sample OYO/020/
AAU - 0YO/023/AAU. This zone is scharacterised by the lower bound-
ary of the early emergence of the species Globigerinoides conglobatus, while
the upper boundary is unknown. No reworked species were found in this
zone.

No reworked species were found in this zone. The Globigerinoides
conglobatus zone is scharacterised by the presence of the Globigerina vene-
zuelana, Globigerinoides bulloideus, Globigerinoides conglobatus, Globorotalia
acostaensis, Globorotalia humerosa, Globorotalia menardiz, Globorotalia plesio-
tumida, Hastigerina siphonifera.

The Globigerinoides congloabatus zone is equated with the Blow zone
(1969) aged N17 Upper (Late Miocene) or in the age range ot 6,08 Ma to
5,78 Ma (Wade et al. 2011). This zone can be compared to the Globoro-
talia humerosa zone (Blow 1969) or the Globigerinoides extremus zone
(M14) (Wade et al. 2011).

Paleoclimate

Determination of the paleoclimate in the study area used the method of
chamber rotation of Globorotalia humerosa and the diameter of the shell
Orbulina universa and the species Globigerinoides bulloideus as warm cli-
mate characteristics, with 50 species in each method. Paleoclimate chang-
es in the Oyo River Section, Playen District, Gunung Kidul Regency,
Yogyakarta show a cooling trend occurring in the Late Miocene (N16-
N17) or the age range 9.79 Ma to 5.78 Ma (Figure 7). The age range ob-
tained is a cross plot of the absolute age of the datum obtained vs. the
rock layer thickness measured in the field. From the cooling trend it can
be divided into 7 paleoclimate zones (Figure 8) consisting of:

Zone I (Warm)

Zone I includes OYO/001/AAU samples through OYO/003/AAU. This
zone is implied as a warmer climate or transition zone towards cold. In
this zone, the average diameter of Orbulina universa is between 370 pm —
530 um. In addition, the chamber rotation of Globorotalia humerosa has
increased in the dextral direction, and the abundance of the warm- char-
acterising species Globigerinoides bulloideus has increased. This zone lasts
from 9,79 Ma to 9,5 Ma.

Zone II (Cool)

Zone II includes the sample OYO/004/AAU through OYO/006/AAU.
This zone is implied as a cold climate. In this zone, the average diameter
of Orbulina universa is between 424 pm — 499 pm. The chamber rotation
of Globorotalia humerosa is predominantly sinistral, and the presence of
the warm characterising species Globigerinoides bulloideus has been re-
duced in number. This zone extends from 9,5 Ma to 8,75 Ma.

Zone 11T (Warm/Transition)

Zone III includes the sample OYO/007/AAU through OYO/012/AAU.
This zone is implied as a warmer climate or transition zone. In this zone,
the average diameter of Orbulina universa is between 389 pm — 461 pm.
The chamber rotation of Globorotalia humerosa has increased in the dex-
tral, and the abundance of the warm-scharacterising species Globigeri-
noides bulloideus has increased. This zone lasts from 8,75 Ma to 8,45 Ma.
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Figure 7. The absolute age of obtained datum vs. rock layer thickness measured
in the field in the Oyo River Section. Ventral indicates layer thickness, and hori-
zontal indicates absolute age.

Zone IV (Cool)

Zone 1V includes the OYO/013/AAU sample. This zone is implied as a
cold climate. In this zone, the average diameter of Orbulina universa is 402
um. The chamber rotation of Globorotalia humerosa is predominantly sin-
istral, and the presence of the warm scharacterising species Globigeri-

noides bulloideus has been reduced in number. This zone extends from 8,45
Ma to 8,3 Ma.

Zone V (Warm)

Zone V includes OYO/014/AAU samples through OYO/017/AAU.
This zone is implied as a warmer climate. In this zone, the average diam-
eter of Orbulina universa is between 864 um — 435 um. In addition, the
chamber rotation of Globorotalia humerosa has increased in the dextral
direction, and the abundance of the warm-scharacterising species Globig-
erinotdes bulloideus has increased. This zone lasts from 8,3 Ma to 6,8 Ma.
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Figure 8. Paleoclimate reconstruction in the study area analysis based on Globorotalia humerosa chamber rotation,
Orbulina universa diameter, and the distinctive species of' Globigerinoides bulloideus.

Zone VI (Cool)

Zone VI includes the sample OYO/018/AAU through OYO/021/AAU.
This zone is implied as a cold climate. In this zone, the average diameter
of Orbulina universa is between 360 um - 402 pum. The chamber rotation
of Globorotalia humerosa is predominantly sinistral, and the presence of
the warm scharacterising species Globigerinoides bulloideus has been re-
duced in number. This zone extends from 6,8 Ma to 5,95 Ma.

Zone VII (Warm)

Zone VII includes the samples OYO/022/ through OYO/023AAU. This
zone is implied as a warmer climate or transition zone towards cold. In
this zone, the average diameter of Orbulina universa is between 389 pm —
483 pum. In addition, the chamber rotation of Globorotalia humerosa has
increased in the dextral direction, and the abundance of the warm-
scharacterising species Globigerinoides bulloideus has increased. This zone
lasts from 5,95 Ma to 5,78 Ma.

Discussion
The paleoclimate reconstruction includes the rotation chamber of Glo-
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borotalia humerosa, the average diameter of Orbulina universa, and the
warm climate species Globigerinoides bulloideus. 1f the species Globorotalia
humerosa is found in the left spatial rotation direction, the species lives in
a cold climate. Conversely, if'it is located in the dextral rotation direction,
it indicates that the species lives in an environment with a warm climate.
(Jenkins 1967).

Method using the average diameter of Orbulina universa species.
The larger the diameter of the species indicates that the species lives in
an environment with a warm climate, but if the diameter is smaller, the
species lives in a cold climate. According to Van Gorsel & Troelstra
(1981), Orbulina universa species will have a maximum diameter in areas
with tropical and subtropical climates.

Then the last method is the species that scharacterise the warm-
cold climate, seen from the abundance of the species that scharacterise
the warm-cold climate. In this research, the scharacterising species used
is Globigerinoides bulloideus, which is scharacterised by a scharacterising
warm climate (Bicchi et al. 2003). The age of paleoclimate events using
the method by (Akmaluddin et al. 2019)

Based on the results of paleoclimate reconstruction using the direc-
tion of chamber rotation of Globorotalia humerosa, the diameter of Orbuli-
na unrversa, and the characteristic warm species Globigerinoides bulloideus,
the research area experienced several changes in paleoclimate events.
However, if we look at the research area, the overall trend changes are
cooling. This change can be seen from the direction of rotation of the
chamber Globrotalia humerosa to the sinistral direction. In the Range of
8.52 Ma to 6.08 Ma in the study area, there were 3 paleoclimate events:
cold, transition, and cold again. There was a change in trend from 8.52
Ma to 8.3 Ma, where there was a cooling trend, then in the age range of
8.3 Ma to 6.8 Ma, which was warmer than the previous trend. It is esti-
mated that this age range is a transition zone. Later paleoclimate trends
revealed colder temperatures between 6.8 Ma and 6.08 Ma. Comparisons
were made in the study area with existing studies (Figure 9).
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Thailand

Vietnam 3 Rousselle et al. (2013) JZST™ u1P333

Cambodia

Singapore

Ramadhan et al. (2 Indonesia
. B

van Gorsel and 2
Troelstra (1981 Guinea

Papua New

— 4 s

0% Google Data SIO, NOAA, U.S. Navy, NGA, GEBCO Landsat / Copernicus IBCAO TMap Mobility U.S. Geologic. 1,000 km Camera: 6,943 km 1

Figure 9. The study area is compared with previous researchers in Java, the
South China Sea, and the Pacific Ocean (Source: Google Earth).

Compared with research conducted by Holbourn et al. (2018) in the
South China Sea using stable oxygen isotopes and carbon from plankton-
ic and benthic foraminifera in the age range of 8.52 Ma to 6.08 Ma, the
same trend occurred in the study area. The trend changes from cold, and
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then there are a transition or warmer and returns to the cold trend
(Figure 10). At 7.7 Ma to 7.2 Ma, based on the existing analysis, the sta-
ble oxygen isotope content based on planktonic foraminifera in the South
China Sea experiences a warmer or overall trend which can be considered
a transition zone before heading to a cooler trend. Although when viewed
as a whole in the Range 8.52 Ma to 6.08 Ma in the South China Sea based
on data from stable carbon isotopes and stable oxygen isotopes from
planktonic and benthic foraminifera, the trend that occurs is dominated
by an overall cooling trend.

Rousselle et al. (2013) on the IODP U1338 well in the Pacific
Ocean showed a change in trend that occurred in the Late Miocene at 6.8
Ma -5.8 Ma, where there was a decrease in temperature of 1,5°C. The re-
search area in the range of 6.8 Ma — 5.95 Ma is also experiencing a cool-
ing trend, as indicated by the rotation of the Globorotalia humerosa shell,
which is dominated by sinistral, the average shell diameter of Orbulina
universa is getting smaller, and the reduced abundance of Globigerinoides
bulloideus species as a feature of a warm climate.

The study area was compared with the study in Java by Van Gorsel
& Troelstra (1981) in the Solo River based on the rotation of the cham-
bers of Globorotalia menardii and the diameter of Orbulina universa, indi-
cating a change in the cooling trend in the Late Miocene. This trend oc-
curs at the boundaries of N16 and N17 with the species Globorotalia ple-
siotumida. The same thing also happened in the study area. At the bound-
aries of N16 and N17 or the age range of 8.52 Ma, the study area experi-
enced a change in a cooling trend, indicated by the relatively sinistral ro-
tation of the Globorotalia humerosa shell, the smaller the average diameter
of the Orbulina universa, and reduced species characteristic of Globigeri-
notdes bulloideus. Rachmadhan (2019) also conducted a similar study on
the Ngioro Section, where at 9.83 Ma — 5.72 Ma, based on planktonic
foraminifera, there was a change in trend from cooling, warming, and
then cooling. However, in general, the trend was cooling. In a different
place, a paleoclimate study conducted by Akmaluddin et al. (2010) in the
Ngalang River used stable oxygen and carbon isotopes in the Globigeri-
noides sacculifer shell, showing that there was a temperature change. At
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Figure 10. Comparison of the paleoclimate curve of the study area with Holbourn et al. (2018).
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9.2 Ma or Late Miocene, this is marked by a decrease in the stable carbon
isotope value and an increase in the stable oxygen isotope value, which is
indicated as a cooling trend, which coincides with the decline in the Indo-
nesian sea resulting in a decrease in sea level.

Based on a comparison of trends in the study area and other loca-
tions (South China Sea, Pacific Ocean, Solo River, Ngalang River, and the
Ngioro Section), the paleoclimate in the study area occurs globally. This
was initially explained as an increase in global ice volume, but after look-
ing at trends related to the cooling of water masses in the Southern
Ocean, cooling in the oceans, expansion of the ice sheet in Antarctica, and
ice sheets in the Northern Ocean—hemisphere (predominant in the
North Atlantic). The north and south poles were ice-covered after the
Middle Pliocene (Billups 2002). Coinciding with the development of ice
at both poles, significant ecological, climatic, and tectonic events oc-
curred elsewhere, especially around Asia (Holbourn et al. 2018).

Systematics of Paleontology

Planktonic foraminifera biodiversity was discovered at the Oyo River
Section. The samples examined yielded 5 families, 9 genera, and 28 spe-
cies (Table 2).

CONCLUSION
Based on measured stratigraphic measurements using Jacob's stick meth-
od, a thickness of 80.8 meters was obtained. The results of the biostrati-

Table 2. Biodiversity and taxonomy note of foraminifera from Oyo River Section.

Phylum Class Order Family Genus Species
Catapsydrax  Catapsydrax dissimilis (Cushman & Bernmdez, 1937)
Globigerina Globigerina venezuelana (Hedberg, 1937)
Globigermoides bulloideus (Crescenti, 1966)
Globigerinoides conglobatus (Brady, 1879)
. Globigerinoides quadrilobatus (d’Orbigny. 1846)
Globigerinoide =
germoces Globigermoides sacculifer (Brady, 1877)
Globigermnidae Globigerinoides ruber (d’Orbigny. 1839)
Globigerinoides trilobus (Reuss, 1850)
Orbulina bilobata (d’Orbigny, 1846)
Orbulina Orbulina suturalis (Bronmmann, 1951)
Orbulina universa (d’Orbigny, 1839)
” E Sphaeroidinellopsis Sp}meror_dzf.ieﬁopszjg dw_,r;_mcrfﬂr (Finlay. 1940)
B E = Sphaeroidinellopsis semimulina (Schwager, 1866)
.g = = . } Globoquadrina altispira (Chusman & Jarvis)
2 = £ Cat racida Globoquadr .
s 2 K atapsydracidac opoqrada Globoquadrina déehiscens (Chapman, Parr & Collins, 1934)
o =
- O

Globorotalia acostaensis (Bolli, 1957)

Globorotalia crassaformis (Galloway & Wissler, 1927)
Globorotalia fohsi fohsi (Cushman & Ellisor, 1939)
Globorotalia humerosa (Takayanagi & Saito, 1962)
Globorotalia limbata (Fornasini, 1902)

Globorotalidae Globorotalia Globorotalia mayeri (Chusman & Ellisor, 1939)

Globorotalia menardii (Parker, Jones & Brady. 1865)
Globorotalia plesiotumida (Banner & Blow 1965)
Globorotalia pertenuis (Beard, 1969)

Globorotalia pseudopima (Blow, 1969)
Globorotalia scitula (Brady. 1882)

Hastigerinidae Hastigerina Hastigerina siphonifera (d Orbigny, 1839)
Pulleniatinidae Pulleniatina Pulleniatina obliguiloculata (Parker & Jones, 1865)
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graphic analysis in the Oyo River Section from 23 samples obtained 9
genera and 28 species. From the analysis, 2 datums were obtained, the
initial appearance of Globorotalia plesiotumida and Globigerinoides congloba-
tus. From the datum obtained, the study area was divided into 3 biostrati-
graphic zones, namely the Globorotalia acostaensis / M13a / N16 zone in
the age range 9.79 Ma — 8.52 Ma, the Globorotalia plesiotumida zone
Mi13b / N17 Lower in the age range, 8.52 Ma — 6, 08 mya and Upper
M14 / N17 zona Globigerinoides conglobatus in the age range 6.08 Ma —
5.78 Ma.

Determination of the paleoclimate in the study area using the
chamber rotation method of Globorotalia humerosa, the diameter of Orbuli-
na universa, and the warm-cold scharacterising species Globigerinoides
bulloideus. The research area experienced 7 times the change of paleocli-
mate events, namely 4 warm and 3 cold zones. However, the paleoclimate
change in the study area is experiencing an overall cooling trend when
viewed as a whole. Compared to trends in the study area and other loca-
tions (South China Sea, Pacific Ocean, Solo River, Ngalang River, and the
Ngioro Section), paleoclimate events in the study area occur globally.
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