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Berita Sedimentologi was first published in February 1996 as a newsletter for the members of the
Indonesia Sedimentologists Forum (Forum Sedimentologiwan Indonesia or FOSI) only. In its first year, Berita
Sedimentologi was published in Indonesian language, then from 1997 onward this publication uses English
as the language of communication.
Frequency of publication is 3 issues per year, usually published in April, August and December of each year.
Topics cover sedimentology and stratigraphy of both siliciclastic and carbonate rocks, depositional
processes, but also cover biostratigraphy, geochemistry, basin analysis, geodynamics, petroleum geology
and structural geology.

From the Editor
Dear Readers,

Berita

main topic of Berita Sedimentologi Vol. 47 No. 3.
Initially, we had wanted to include papers on
Sulawesi
Island
in
this
issue,
however
circumstances prevented the plan to happen. The
Sulawesi topic is now delayed for publication and
will be included in April 2022 instead.

Sedimentologi Vol. 47 No. 3 therefore is
structured differently and consists of two main
topics as follows:
1. Paleoanthropology and Geoarchaeology
2. General Paleontology and Quaternary
Geology
In total there are 18 titles in this collection, which
include 9 extended abstracts and 9 abstracts.

Recently,

We will continue with the plan to publish the next

There is a slight change in our plan regarding the

Prof. Yahdi Zaim, who is a member of
Berita Sedimentologi Advisory Board, has retired
from Institut Teknologi Bandung (ITB). Prof. Zaim is
also the founder of Forum Sedimentologiwan
Indonesia (FOSI) together with Herman Darman in
1995. To honor Prof. Zaim’s career and celebrate his
achievements and contributions to the development
of Paleontology and Quaternary Geology in
Indonesia, the Geological Engineering Study
Program of ITB and FOSI organized a digital (virtual)
conference that was held on 22-23 March 2021. The
speakers in the conference included Prof. Zaim’s
students, former students and collaborators in
Indonesia and abroad. The abstracts and extended
abstracts from the conference are collected and
published as a Special Publication in this issue of
Berita Sedimentologi.

Berita Sedimentologi, 2021, Vol. 47 No. 3

issue (Berita Sedimentologi Vol. 48 No. 1) in April
2022. As previously mentioned, this issue will focus
on Sulawesi Island. We have received some
manuscripts from several authors and are now
progressing with the review. More manuscripts are
accepted from now until early February 2022.
Please visit our journal website for more information
about submission guidelines.

See you in the next issue.
Minarwan
Editor-in-Chief
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About FOSI

T

he forum was founded in
1995 as the Indonesian
Sedimentologists
Forum
(FOSI). This organization is a
communication and discussion
forum for geologists, especially
for
those
dealing
with
sedimentology and sedimentary
geology in Indonesia.
The forum was accepted as the
sedimentological commission of
the Indonesian Association of
Geologists (IAGI) in 1996. About
300 members were registered in
1999, including industrial and
academic fellows, as well as
students.

FOSI has close international
relations with the Society of
Sedimentary Geology (SEPM) and
the International Association of
Sedimentologists (IAS).

Most of FOSI administrative work
will be handled by the editorial
team. IAGI office in Jakarta will
help if necessary.

Fellowship is open to those
holding a recognized degree in
geology or a cognate subject and
non-graduates who have at least
two years relevant experience.
FOSI
has
organized
three
international
conferences
in
1999, 2001 and the most recently
in 2018.

The official website of FOSI is:
http://www.iagi.or.id/fosi/

FOSI Membership
Any person who has a background in geoscience and/or is engaged in the practising or teaching of
geoscience or its related business may apply for general membership. As the organization has just been
restarted, we use LinkedIn (www.linkedin.com) as the main data base platform. We realize that it is not
the ideal solution, and we may look for other alternative in the near future. Having said that, for the current
situation, LinkedIn is fit for purpose. International members and students are welcome to join the
organization.

ABOUT THIS GROUP
FOSI was established in 1995 and became a
commission of IAGI (Ikatan Ahli Geologi
Indonesia/Indonesian Geologists Association)
few years later. The association is aimed as a
discussion forum for Sedimentologists in
Indonesia, to share experience and
knowledge amongst the members. Through
the network with international organizations,
such as SEPM and IAS, FOSI tries to put
Indonesian sedimentary geology into broader
perspective.

FOSI Group Member
as of December 2021:
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FOREWORD
This publication consists of abstracts/extended abstracts presented at the Digital Conference
“Milestones of Paleontology and Quaternary Geology in Indonesia”, a conference in honor of the
retirement of Prof. Yahdi Zaim. This conference is organized by Geological Engineering Study
Program, Institut Teknologi Bandung and FOSI- Indonesian Sedimentologists Forum, and was
held on March 22nd and 23rd 2021. In this conference, we invited Prof. Zaim’s colleagues, students
and former students to celebrate 43 years of Pak Zaim’s work in Paleontology and Quaternary
Geology.
This important event is the principal opportunity for Prof. Zaim’s colleagues as well as current and
former students to honor his career and mark his role in the development of paleontology and
Quaternary geology in Indonesia. This conference presented and discussed integrative aspects of
the fields in which Prof. Yahdi Zaim has been active throughout his career in paleontology and
Quaternary geology. Since the 1990’s Prof. Zaim has been actively involving and developing in
paleontology and Quaternary geology in various locations in Indonesia along with his colleagues
and collaborators from Indonesia and abroad. In the educational scope, Prof. Dr. Yahdi Zaim has
successfully supervised and graduated more than 80 students both in geology in general and in
other more specific fields.
On behalf of the Organizing Committee, I would like to express my deep gratitude to the
organizations and person that made the conference possible and completion of this publication:
Faculty of Earth Sciences and Technology, Bandung Institute of Technology, Ikatan Alumni Teknik
Geologi ITB (IAGL), Indonesian Association of Geologists (IAGI), Antam-PT Aneka Tambang Tbk.
Indonesia, PT Dermaga Sembilan Puluh Berbakti and all personal sponsors. I would also like to
extend our thanks to the Keynote Speakers: Prof. Yousuke Kaifu, Prof. Harry Truman
Simandjuntak (represented by Marlon NR Ririmasse), Prof. Harry Widianto, Prof. Fachroel Aziz,
Dr. Julien Louys, Dr. Christine Hertler, Prof. Peter Wilf and Prof. John-Paul Zonneveld, for his
willingness to share his valuable knowledge and extensive experiences. Also, all speakers of
sessions whose insights will be of great benefits for all participants. This conference and thus, this
collection of abstracts/extended abstracts will not be possible without the hard work of the
committee, to whom I would like to express my thankfulness.

Dr. Aswan, ST, MT
Geological Engineering, ITB, Indonesia
Head of the Committee

Berita Sedimentologi, 2021, Vol. 47 No. 3

v

Berita Sedimentologi

[Pick the date]

Table of Contents
TOPIC 1: PALEOANTHROPOLOGY AND GEOARCHAEOLOGY .................................... 1
Indonesia’s contribution in tracing human ancestor....................................................... 2
Fachroel Aziz

Hominin femur finding from Banjarejo: its morphological character and taxonomial
position ................................................................................................................. 8
Sofwan Noerwidi, Rusyad Adi Suriyanto, Ashwin Prayudi and Harry Widianto

Archaeology of disaster in Indonesia: where are we now? ............................................. 17
Truman Simanjuntak and Marlon Ririmasse

Overview of karst in Rembang and Blora: their prehistoric cave settlement potential ......... 22
Hari Wibowo and Indah Asikin Nurani

Tenggar Cave, Tulungagung: preliminary study and its paleontological potentials ............. 29
Agus Tri Hascaryo, Rusyad Adi Suriyanto, Delta Bayu Murti, and Tuti Koesbardiati

Significance of Skull IX in Asian Paleoanthropology ...................................................... 31
Yousuke Kaifu

Why don’t we look to the west? ................................................................................ 32
Harry Widianto and Sofwan Noerwidi

TOPIC 2: GENERAL PALEONTOLOGY AND QUATERNARY GEOLOGY ........................ 33
On the 91/17 pattern in the brackish ichnofabric ......................................................... 34
Ery Arifullah

Quaternary nannoplankton in the Northeast Java Basin ................................................ 43
Rubiyanto Kapid, Wahyu Dwijo Santoso, and Halmi Insani

Palaeontological surveys in Central Sumatra and Bangka .............................................. 50
Julien Louys, Yahdi Zaim, Yan Rizal, Gilbert J. Price, Aswan, Mika Rizki Puspaningrum, Holly Smith,
and Agus Trihascaryo

Cultural and geological heritage in time elapsed during Historical Kingdoms in Yogyakarta
Special Region, Indonesia ........................................................................................ 57
Sri Mulyaningsih

The Palaeo-Kambaniru river mouth, Sumba, East Nusa Tenggara, Indonesia: A record of
strongly seasonal catastrophic flow in a monsoon-controlled deltaic complex ................... 65
John-Paul Zonneveld, Yahdi Zaim, Yan Rizal, Aswan, Anne Fortuin, Roy Larick, and Russell L. Ciochon

Berita Sedimentologi, 2021, Vol. 47 No. 3

vi

Berita Sedimentologi

[Pick the date]

Geological stories from the journey of mollusks fossils in Java ....................................... 73
Aswan

Dinoflagellate biostratigraphy of Eastern Indonesia stratigraphy: key of petroleum
exploration success ................................................................................................ 75
Herman Darman

Microfossil as proxy for paleoclimate and paleoceanography .......................................... 77
Khoiril Anwar Maryunani

Isotopic reconstruction of Proboscidean habitats and diets on enigmatic island of Sulawesi 79
Mika R. Puspaningrum, Allan R. Chivas, Iwan Kurniawan, Unggul P. Wibowo, Yahdi Zaim and Gerrit D.
van den Bergh

Fossil-bearing Citalang Formation, Sumedang-Majalengka, West Java ............................ 80
Yan Rizal

From Patagonia to Indonesia: plant fossils highlight West Gondwanan legacy in the
Malesian flora ........................................................................................................ 81
Peter Wilf

Citation suggestion:
Aziz, F., 2021. Indonesia’s contribution in tracing human ancestor. In: M.R. Puspaningrum and S. Kurniawan (Eds.), Milestones in
Paleontology and Quaternary Geology in Indonesia. Berita Sedimentologi, 47 (3), pp. 2-7 (Extended Abstract).

Berita Sedimentologi, 2021, Vol. 47 No. 3

vii

Topic 1: Paleoanthropology and Geoarchaeology

TOPIC 1:
PALEOANTHROPOLOGY AND GEOARCHAEOLOGY

Berita Sedimentologi, 2021 V. 47(3)
1

Topic 1: Paleoanthropology and Geoarchaeology

Extended Abstract

Indonesia’s contribution in tracing the human
ancestor
Fachroel Aziz
Expert for Geological Museum Bandung, Jalan Diponegoro 57, Bandung 40122, Indonesia

ABSTRACT
Since Darwin’s postulated the origin of the human species from an ape-like ancestor,
the search for the missing link between ape and human had begun. In 1887, Eugene
Dubois traveled from the Netherlands to Indonesia to search for the missing link. He
eventually discovered human fossils in Wajak, Kedungbrubus, and Trinil to which
he named Pithecanthropus erectus. The research was then continued by Ter Haar
(1931) in Ngandong, Dujfyes, and his assistant Andoyo (1936) in Perning, Mojokerto,
and Von Koenigswald (1936-1940) in Sangiran, who successfully discovered many
Homo erectus fossils. Since the 1960s, Sartono (ITB), T. Jacob (UGM), and Geological
Research and Development Centre (Indonesia) continued the study, adding the
collection of the specimens. Collaboration with the National Museum of Science and
Nature, Tokyo concluded that Indonesian Homo erectus went through local evolution
instead of static evolution condition. Indonesia is rich in natural resources and
environmental conditions that were suitable for the evolution of early humans as
shown by the discovery of several Homo erectus skeleton fossils that were not found
in most other countries. This is a blessing left by early humans to us.
Keywords: Homo erectus, Pithecanthropus erectus, human ancestor

Copyright ©2021. FOSI. All rights reserved.
A Special Publication of abstracts and extended abstracts from the conference in honor of the retirement of Prof. Yahdi
Zaim, IPU (22-23 March 2021).
DOI: 10.51835/bsed.2021.47.3.349
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HUMAN ANCESTOR RESEARCH
IN INDONESIA
19th century
In the middle 19th century, the history
of human evolution become a topic of
discussion among scientists especially
after
the
publication
of
the
monumental book of Charles Darwin,
The Origin of Species (1859), and The
Descent of Man (1871). It is theorized
that human being was developed from
an “ape-like” ancestor that lived in
tropical area, which had caused the
loss of their fur pelt due to the warmer
environment during their development.
This idea was supported by Ernest
with his History of Creation concept
(1876). According to him, the human
being was developed within a link from
primates since the Tertiary time. This
link was set up through primate’s

alalus:

speak

less/dump).
Pithecanthropus alalus means the apeman who cannot speak.
Eugene Dubois an anatomist of
Amsterdam University, believed that
the Evolution Theory of Charles
Darwin is especially important to trace
human ancestor, so he decided to
become a scientist to search the
missing link. On October 29, 1887,
Dubois with his family (wife and baby)
leave the Netherland to Indonesia with
steamship Princes Amalia (Figure 1)
and arrived in Padang, Sumatra on
December 11 of the same year.
Soon after, on Mei 1888, Dubois start
to work at the Thousand Caves (Ngalau
Seribu) Sibrambang, Lidah Ayer and
Jimbe caves at Padang Hight land. The
result was published under the title

“Over de wenschelijkheid van een
onderzoek naar de diluviale fanua van

Figure 1. S.S. Amalia (photo).

evolution in the ability to walk upright
with two-leg, speech dan increasing
brain capacity. However, the theory
suggested a missing link in human
evolution from ape to human that
Darwin called Pithecanthropus alalus
(pithecus: ape, anthropus: human and

Nederlandsch Indie, In het bijzonde van
Sumatera.” On March 6, 1989, Dubois
officially got an assignment from
Dienst van het Mijnwezen, a precursor
of the present Geological Survey
Institute, to conduct paleontological

Berita Sedimentologi, 2021 V. 47(3)
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research of the area (Aziz & Purbo
Hadiwidjojo, 1991).
In 1888 B.D. van Reitschoten who was
looking for marble material at
limestone cave near Wajak area,
Gamping village, Campur Darat
District, Tulung Agung Regency, East
Java discovered a skull of human fossil
(specimen Wadjak 1). This information
reached Dubois that prompted his
arrival to Java to conduct field activity.
In 1890 he excavated Wajak and found
another human skull (specimen
Wadjak 2). Dubois also open field in
the surrounding area of Madiun,
Kediri, Surakarta, Rembang and
Jepara, while setting his base camp at
Tulung Agung. In Kedungbrubus
Village, Caruban District, Madiun
Regency, East Java Dubois found a
hominid
mandibular
(specimen
Kedungbrubus 1). In August 1891
Dubois visit Trinil because there is
information that local people found a
giant bone. Excavation was conducted
in Trinil for 10 years period from 1890
– 1900. A right upper third molar was
found in September 1891 and a skull
cup was found one month after.
Dubois attributed these to a species
chimpanzee (Anthropopithecus) after
he found the femur in Mei 1891
After a detailed study, Dubois believed
that he had found a missing link in the
human evolutionary line that he
named
Pithecanthropus
erectus
(Dubois, 1894). Pithecanthropus erectus
means upright walking “ape-man.”
With the missing link finding, the skull
cup specimen (Trinil 2) become the
holotype and Trinil is the type locality.
The discovery of “the missing link”
shocked the world of science at that

time and made Indonesia, especially
the Geological Development Centre
(Dienst van den Mijnbouw), were
known throughout the world. Now
Pithecanthropus erectus is well known
as Homo erectus.
Early 20th century
During geological mapping activity, Ter
Haar (1931) found a rich vertebrate
fossil-bearing in teras deposit near
Ngandong Village, Kradenan District,
Blora Regency, Central Java Province.
The following intensive excavation
(1931-1933) found and collected eleven
skulls and two tibiae of human fossils
identified as Homo (Javanthropus)
soloensis, an Asian type of Neanderthal
man. In 1936, Andoyo an assistant of
Dujfyes found an infant human fossil
(Homo modjokertensis) estimated to be 610 years old child at Sumber Glagah
village near Perning, Mojokerto. In the
period of 1936–1940 Von Koenigswald
collected a number of Homo erectus
fossils from the Sangiran dome area.
Research on human evolution by
Indonesian experts began in the 1950s
developing through the 1960s. Sartono
from Institut Teknologi Bandung (ITB)
who served as an expert at Geology
Directorate (now Geological Research
and Development Centre) and T. Jacob
from Gajah Mada University collected
new finding of Homo erectus from
Sangiran,
Sambungmacan,
and
Ngandong. At that time Geological
Research and Development Centre
obtained
a
specimen
of
Pithecanthropus VIII (P VIII) on
September 13, 1969, that was found by
Tukimin a local villager of Pucung. The
fossil was dug out in situ from coarsegrained sandstone, a few meters below

Berita Sedimentologi, 2021 V. 47(3)
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Figure 2. Homo erectus, Pithecanthropus VIII.

the middle Tuff of Bapang formation at
Pucung village, the southern part of
Sangiran dome area. This is the most
complete skull of Asian Homo erectus

with a substantial part of the face. In
the maxilla, the teeth of P4 still
attached and C, M1-M3 right were
preserved. The specimen is important

Figure 3. Homo erectus, Sambungmacan 4.
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to understand the “early phase”
evolution of Indonesia's Homo erectus
(Figure 2).
Late 20th century
In the period of 1980–2011, the
Geological Research and Development
Centre appointed Fachroel Aziz, a

paleontologist, to oversee hominid
fossil collections. Additional Homo
erectus was obtained from the Sangiran
dome area and Sambungmacan. In
2011, the Geological Research and
Development Centre obtained a Homo
erectus
skull,
specimen
Sambungmacan 4 (Sm 4) from
Darsono a villager of Cemeng village.

Figure 4. Development of derived features in Javanese Homo erectus from Early, via
Middle, to Late forms.
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He found the skull while scooping up
sand from the bottom of the Bengawan
Solo River. The skull Sm 4 (Figure 3) is
in unusually good bone surface
condition. This is the best-preserved
calvaria of Asian Homo erectus. The
specimen is important to know the
“middle phase” of Homo erectus
evolution in Indonesia. A joint study
between Geological Research and
Development Centre, Bandung and
National Museum of Science and
Nature, Tokyo on Homo erectus saw a
local evolution on the Indonesian
specimens, concluded that Indonesian
Homo erectus is not in a static
evolution process (Figure 4).
The rich in natural resources and
environmental conditions of Indonesia
make it suitable for the evolution of
early humans as suggested by the
discovery of a number of Homo erectus
skeleton fossils that are not found in
most other countries.
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Extended Abstract

Hominin Femur finding from Banjarejo: Its
morphological character and taxonomical
position
Sofwan Noerwidi1, Rusyad Adi Suriyanto2, Ashwin Prayudi2 and Harry Widianto1
1
2

Balai Arkeologi Provinsi D.I. Yogyakarta, Indonesia
Laboratory of Bioanthropology and Paleoanthropology, Universitas Gadjah Mada

ABSTRACT
Recently, Banjarejo became an important prehistoric site for Quaternary research
because of its significant faunal and hominin remains. This study aims to describe
a new finding of the hominin femur specimen from the site and its taxonomical
position in human evolution. The specimen was identified by morphological and
metric descriptions of the external feature of the femur. Then, comparative study to
Homo erectus (n=2), Homo neanderthalensis (n=8), Homo heidelbergensis (n=1), prehistoric
Homo sapiens (n=44), Australopithecus africanus (n=1), Paranthropus robustus (n=2), also nonhuman primate including Pongo (n=1), Macaca (n=1) and Gibbon (n=1) using bivariate
and multivariate statistical analysis presented the specimen in the evolutionary
perspective. This study shows the morphological and metric character of Banjarejo
specimen located between Homo erectus and prehistoric Homo sapiens population
sample. Further study should be addressed to investigate the cultural and
chronological context of the hominin specimen.
Keywords: hominin, human evolution, Banjarejo, Quaternary

Copyright ©2021. FOSI. All rights reserved.
A Special Publication of abstracts and extended abstracts from the conference in honor of the retirement of Prof. Yahdi
Zaim, IPU (22-23 March 2021).
DOI:10.51835/bsed.2021.47.3.350
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INTRODUCTION
Banjarejo is administratively located at
Gabus District on the eastern part of
Grobogan Regency, Central Java. The
physiographical condition of Banjarejo
is a region located in an elongated
shape
of
the
Randublatung
Depression, which covers Purwodadi,
Cepu, and Bojonegoro (van Bemmelen,
1949). The depression is located
between two anticlines mountains of
Kendeng to the south and the
Rembang Zone of Northern Mountain.
Lowlands at around 20m above sea
level dominated the morphological
condition of the depression, with Lusi
River and its ancient terraces located
inside. Hills with up to 280 m asl
altitude dominate the northern side of
Randublatung Depression, which is
part of the karstic hills of Rembang
Zone, and the southern side of the
depression, which is part of Kendeng
Mountain
(Fathoni,
2016).
The
synclinal zone of Randublatung
Depression has formed caused by
subsidence activity part of isostatic
equilibrium of the region through the
tectonic subduction process during the
Late Tertiary (Datun et al., 1996).
In 2015, locals of Banjarejo site found
an
almost
complete Bubalus
paleokarabau cranium at the terrace of
Lusi River and reported to the author.
Since then, the recognition of
quaternary paleontological potentials
of the site began. BPSMP Sangiran
identified the fossils and artifacts and
conducted an exploration excavation at
Ngrunut locality in 2016 (Rahmat,
2016). The excavation was continued
to 2018 when they found an

accumulation of 872 fossils at the
Kuwojo locality, which dominantly by
Proboscidean fauna (Widiyanta, 2018).
There is identification of other faunal
remains in this research, including
Bovidae,
Cervidae,
Gavialis,
Crocodylus, Gastropoda, and catfish.
The research placed the site's
chronological position in the upper
part of the Lidah Formation around the
Mid Pleistocene (Widiyanta, 2020).
They also identify paleoenvironment
alteration of the depression from a
condition near the shoreline (wave
zone) to a terrestrial condition as
savanna and open forest.
An important recent discovery at
Banjarejo site is a fragment of hominin
femur from the Lusi River terrace in
2019 and conserved in the BPSMP
Sangiran. There is no analysis work
conducted on this first hominin
specimen from the site. Consequently,
the identity of this important specimen
is still unknown. This study aims to
identify hominin findings from the site,
also its taxonomical position and
implication to the history of human
evolution in Java.

METHODOLOGY
Material
a. Main Material: The primary
material of this study is a
fragment of proximal diaphysis
of
hominin
femur
from
Banjarejo, found by Pak Modin
(Budi
Setyo
Utomo)
a
conservation activist of the site.
b.Comparison
Material:
The
materials used for comparison
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of Southeast Asia (Table 1).

includes Homo erectus (n=2)
Tool

a. Caliper, used for measuring the
diameter aspects of the femur
b.Tape meter, used for measuring
the circumference aspects of the
femur
Method

Table 1. Site or origin sample used in this
study

from
Trinil,
Homo
neanderthalensis (n=8) from
Krapina
and
Spy,
Homo
heidelbergensis
(n=1)
from
Arago,
prehistoric
Homo
sapiens (n=44) from Taforalt,
Gilimanuk,
and
Java,
Australopithecus
africanus
(n=1),
and
Paranthropus
robustus
(n=2)
from
Swartkrans, also non-human
primate including Pongo (n=1)
from Sumatra, Macaca (n=1)
from Java and Gibbon (n=1)
from unknown precise location

The analysis was conducted to
determine the taxonomic identity of the
femoral head of Banjarejo site by
comparing
morphological
and
morphometric
characters
to
populations of Homo sapiens, Homo
erectus, Homo heidelbergensis, Homo
neanderthalensis,
Paranthropus
robustus, Australopithecus africanus,

Table 3. Measurement variables on
diaphysis of femur.

and other non-human primate groups,
including Pongo, Gibbon, and Macaca.

Table 2. Abbreviation and definition
measurement on proximal epiphysis of
femur

Morphometric
comparisons
were
carried out using measurement
variables proposed by Martin and
Saller (1957). The following table is the
definition of the measurement variable
on proximal epiphysis of the femur
(Table 2).
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Figure 1. Comparison of femur: 1. Modern Homo sapiens (original), 2. Prehistoric
Homo sapiens from Gilimanuk (original), 3. Homo erectus Trinil 2 (replica), 4. Homo
erectus Trini 1 (replica) and 5. Banjarejo hominin (original)

Measurements on the femur diaphysis
of Banjarejo specimen cannot be done
using the classic morphometric
variables proposed by Martin and
Saller (1957) due to the conservation
condition of the specimens. However,
several measurements could be made
based on the technique proposed by
Ruff (2003) on the 60% - 80% segment
of the diaphysis, including (Table 3).
Metric comparative analysis was
performed
using
PAST software
(Paleontological Statistics) version
3.25,
developed
specifically
for
paleontological analysis (Hammer,
2018). Comparative studies conducted
were
including
bivariate
and
multivariate comparisons. A bivariate
comparison was performed on two
related variables, such as comparing

M15 vertical diameter and M16 sagittal
diameter of the femoral column on
some populations using a biplot graph
representation. A 60% of ellipse
distribution was set to limit the
population’s
distribution,
which
connects all specimens in the specific
population.
Multivariate comparative analysis was
conducted to compare correlated
variables, such as measurements of
the column and femoral head. This
multivariate
comparison
was
performed using Principal Component
Analysis (PCA) for a continuous data
value, with some conditions: the use of
a correlation matrix because all
measured variables are correlated, the
separation between groups, and a
technique of replacing missing data by
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calculating the mean value. The PCA
biplot chart presentation also used a
60% ellipse to limit one population
distribution to others.

RESULTS

even fused with the superior head part.
Thus, the femoral head is not perfectly
rounded. For example, the femoral
head shape, such as the latter form, is
founded
in
Artiodactyl
and
Perissodactyl (France, 2009).

Morphological Analysis: The general
morphological feature of the femoral

On the medial section of the femoral
head of Banjarejo site, there were

No

1

Variabel

Diameter antero-

Banjarejo

Gilimanuk

Kresna

Trinil

Trinil

Trinil

Modern

LX

11*

F II**

F III**

F IV**

Human*

27

27

26

22,5

22,3

29,3

26-30

30

28

33

27

24,1

29,3

27-31

posterior 70%
2

Diameter mediolateral 70%

3

Tebal cortical

8-10

5-8

5-9

70%
4

Minimum

94

94

circumference
70%

Table 4 Comparison of measurement result on diaphysis of the femur. Sources: *
Puymerail et al. (2012), ** Ruff et al. (2015)

head from Banjarejo site is perfectly
rounded, almost half-sphere with a
long femoral column shape, allowing
for some locomotion, including flexion,
extension,
abduction,
adduction,
internal rotation, and external rotation
(White and Folkens, 2005). This kind of
femoral shape, which supports those
locomotion types, is usually shared by
primates, especially human femurs
(Figure 1). In comparison, animals with
an anterior-posterior and limited
rotation femur locomotion usually
have an oval and flattened femoral
head with a short femoral column,

traces of fovea capitis. This anatomical
trail
is
a
small
non-articular
depression around the middle of the
femoral head, where the ligamentum
teres connects between the femoral
head and the acetabulum on the os
coxae.
Morphometric Analysis
• Bivariate analysis
Bivariate analysis was made based on
several
measurement
techniques
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proposed by Ruff (2003) on the
60% - 80% segment of the
femur diaphysis in Table 4.
The
results
of
the
measurements can be used as
materials for a comparative
study of two variables of
Banjarejo
specimens
with
prehistoric Homo sapiens of
Gilimanuk LX specimen and
several
Homo
erectus
specimens
from
Sangiran
(Puymerail et al., 2012) and
Trinil (Ruff et al., 2015) (Table
4). The following graphic
resulted from the biplot matrix
on anteroposterior diameter
versus mediolateral diameter
comparison between Banjarejo
specimen to other femurs.

Figure 2. Biplot comparative graphic of diameter
anteroposterior vs mediolateral diameter between
Banjarejo specimen to Homo erectus and Homo
sapiens

Based on the comparative
analysis
of
the
two
measurement variables (Figure 2), the
Banjarejo specimen located in the
distribution
slice
of
population
distributions between Homo erectus
and
Homo
sapiens.
The
anteroposterior diameter of Banjarejo
specimen is slightly larger than Kresna
11, slightly smaller than Trinil F IV,
but much larger than Trinil F II and
Trinil F III. Then the mediolateral
diameter of the specimen is slightly
larger than Trinil F IV, smaller than
Kresna 11, but much larger than Trinil
F II and Trinil F III.
Furthermore, based on the thickness
ratio of the femur cortical diaphysis, it
is known that the Banjarejo specimen
is slightly thicker than the Kresna 11
specimen from the Sangiran Site with
a cortical thickness of between 8-10

mm (see Table 4). Based on a
comparative study on morphology and
morphometry to femur diaphysis of
Kresna 11, Trinil specimens, and
prehistoric Homo sapiens mentioned
above, it is concluded that the femur
diaphysis of the Banjarejo specimen
belongs to early hominin.
• Multivariate analysis
The analysis using PCA was performed
on three variables of the femoral
column and head, namely, M15
(vertical diameter of column), M16
(sagittal diameter of column), M17
(column circumference), M18 (vertical
diameter of caput), M19 (transverse or
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Figure 3. Biplot graphic of PCA represents component 1 vs Component 2 on femoral head
and column. Left = Population distribution, Right = With variable representation

sagittal diameter of caput), and M20
(caput circumference).
The PCA plot graph (Figure 3) shows
that the distribution of all hominin
populations except Paranthropus and
Australopithecus located to the right of
Component
1,
meanwhile
the
distribution of all non-human primate
populations located to the left of the
component. Consequently, it could be
stated that the hominin population,
except
Paranthropus
and
Australopithecus have a larger size of
the femoral head compared to the nonhuman primate population. Among
these
hominin
populations,
Neanderthal has a relatively larger size
of femoral head and column compared
to
other
hominin
populations.
However, Homo erectus specimens are
in the slice distribution between Homo
sapiens and Neanderthal samples.
The figure also shows that the entire
early hominin population distribution,

including Homo erectus and Homo
neanderthalensis, are located above
Component
2.
Meanwhile,
the
distribution
of
Homo
sapiens
population is located near the axis of
the component. Therefore, it could be
stated that the early hominin
population has the size of M16 (vertical
diameter of column) and M17 (column
circumference) larger than the Homo
sapiens population. Amongst the early
hominin populations, Neanderthal had
diverse sizes of M16 and M17,
compared to the specimens from Trinil
and Banjarejo, which are in proximity
and tended to have larger size of M16
and M17 than the other Homo sapiens
population.

CONCLUSION
This study presents the Banjarejo
specimen in a distribution slice of
population distribution between Homo
erectus and Homo sapiens based on
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comparative analysis of two variable
measurements on femur diaphysis.
Based on the thickness ratio of femur
cortical diaphysis, the Banjarejo
specimen is slightly thicker than the
Homo erectus and modern Homo
sapiens specimens.
Furthermore, based on the column and
femoral head morphometric analysis
result, it is concluded that Banjarejo
specimen generally has a matching
size to early hominin populations,
particularly to the Neanderthal.
Specifically, the specimen has larger
M16 (sagittal diameter) and M17
(column
circumference)
sizes
compared to the Homo sapiens
population mean size, but close to the
Homo erectus specimen from Trinil. In
conclusion, this study places the
proximal epiphysis femur fragment
from Banjarejo site belong to the early
hominin, tentatively assigned as Homo
erectus. Further study is needed to
answer chronological position of the
hominin by metric dating of the femur
and/or its lithological context.
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Extended Abstract

Archaeology of disaster in Indonesia: where are
we now?
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ABSTRACT
Natural disasters are a phenomenon that shaped the Indonesian Archipelago.
Earthquakes and volcanic activities have become periodic experiences in the lives of
people in this region. The geographical characteristics of Indonesia which are located
at the confluence of active plates and part of the global volcanic chain are natural
factors that make these islands vulnerable to disasters. Cultural historical studies
have recorded various phenomena of past natural disasters in the archipelago. Some
have had minimal impact, but others have resulted in the loss of civilization.
Although the issue has become the important part of the civilization and profile of
Indonesia, the archaeological study of disasters has not well developed. The existing
studies so far are still very partial with the fragmentary results. Characterized with
this complex character, the study of archaeological disaster requires a
multidisciplinary approach. This paper attempts to discuss the archaeology of
disasters in Indonesia including the background, current conditions and the
prospects of future development. Particularly in discussing the role of local wisdoms
in dealing with disasters as part of the civilization of the archipelago.
Keywords: archaeology, natural disasters, cultural history, civilization
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INTRODUCTION
Indonesia is a region with a
geographical profile that is closely
related to the natural disaster issues.
Located at the junction of three
tectonic plates: the Indo-Australian
Plate, the Eurasian Plate and the
Pacific Plate; makes more than twothirds of Indonesia's territory prone to
earthquakes or vulnerable to the
effects of the events. Apart from being
traversed by the three tectonic plates,
Indonesia is also part of the Pacific
active volcanic route known as the
Pacific Ring of Fire. As the impact, this
region has 240 volcanoes with 70 of
them in active status.
With such conditions, it is natural that
the disasters characterized the history
of the Indonesian archipelago. Some of
them are even recorded as megadisasters with the global impact. The
Toba; the Tambora; the Krakatau
eruptions are some of the events.
Ancient records have also mentioned
numbers of disasters that have change
the course of history in the region. The
eruption of Mount Merapi which made
the Old Mataram Kingdom move to
East Java is a famous one.
Despite these major references of the
past, the study of archaeological
disasters has not yet developed well in
Indonesia. Some preliminary studies
have been conducted with fragmentary
results. A multidisciplinary approach
needs to strengthen those results. This
paper tries to discuss the recent
condition of disaster archaeological
studies in Indonesia; review the
previous research records and discuss

the future prospect to elaborate the
local wisdom perspective in developing
disaster mitigation approaches.

RESULTS
A disaster is defined as a serious
disruption to a functioning society,
causing widespread harm to human
life
in
material,
economic
or
environmental terms and which
exceeds the ability of the communities
concerned to cope with using their own
resources (UNISDR 2009).
The United Nations agency in charge of
handling disasters, the UNISDR,
stated that there are three main types
of disasters, namely natural disasters,
non-natural disasters and social
disasters.
Natural
disasters
are
disasters caused by natural factors
such
as
volcanic
eruptions,
earthquake, tsunamis, floods and
others. Non-natural disasters by nonnatural events or series of events,
which include technological failures,
modernization failures, epidemics, and
disease outbreaks. A social disaster is
a disaster caused by an event or series
of events caused by humans, which
includes social conflicts between
groups or between communities, and
terror.
This paper will focus on the first
category, namely natural disaster
which can be divided into three types
of events: 1. Hydro-meteorological
disasters in the form of floods,
typhoons,
and
landslides
2.
Geophysical disasters in the form of
earthquakes, tsunamis and volcanic
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activities 3. Biological disasters in the
form of epidemics and related events.
Cultural historical records have shown
that that the efforts to share these
issues have begun thousands of years
ago. The story of the buried city of
Pompei due to the eruption of Mount
Vesuvius in 79 AD is perhaps one of
the most recognizable catastrophic
moments in history (Zuccaro et al.,
2008). Pompei is now one of the most
famous archaeological sites with the
theme of disasters and has been
designated as a world heritage by
UNESCO.
Even
today,
the
archaeological research activities are
still being carried out to explain
human cultural practices in dealing
with catastrophic phenomena.
Indonesia as a geographical unit also
records major disasters that have
regional and even global impacts. One
of the earliest was the eruption of the
ancient Toba Volcano which occurred
approximately 74 Kya and was
recorded as a mega-disaster due to the
impacts for the climate, ecosystem and
human population in the Prehistoric
era. As an ancient volcanic activity,
this eruption is thought to have
triggered the massive volcanic winter
during the Quaternary period.
In the framework of the historical
archaeology, the most famous records
are probably represented by the
eruption of Mount Merapi in the 10th
century which made the King Sindok,
decided to move the center of the
Ancient Mataram Kingdom in Central
Java to Kadiri in East side of the
island.

Another major disaster in the
archipelago
that
had
massive
implications was the eruption of Mount
Tambora on the island of Sumbawa.
This mountain erupted in April 1815
and was recorded as one of the most
powerful eruptions with a scale of 7 on
the volcanic explosion index. Sources
from colonial times mentioned that
this eruption claimed the lives of more
than 90,000, more than half of the
population of Sumbawa at that time.
This incident was also well recorded in
the local historical source of the Syair
Kingdom of Bima written by Lukman
Hakim that describes the horror of the
Tambora eruption. The eruption even
resulted in global climate change a
year later, when northern region of the
Earth including Europe and North
America experienced a phenomenon
called a 'year without a summer’
(Sutawijaya et al., 2006).
Characterized by these major natural
events, civilizations of the region have
adapted to this condition by developing
response model based of this
knowledge. The Hoabinhian coastal
village, the diversion of the river
Gomato by the king of Tarumanagara,
and the ancient settlements in eastern
Indonesia are several examples to be
mentioned.

CONCLUSION
Cultural history has recorded that the
Indonesia archipelago has been
characterized by major events of
natural disasters in the past. The
geographical profile of the region as the
meeting zone for global tectonic plates
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and part of the Pacific Ring of Fire are
the main factors for the issue.
Archaeological studies share the
knowledge that disasters in Indonesia
have existed since the prehistoric
period. Some of the events are megadisasters that brought transformation
to the civilization of this region.
Cultural response as a form of
adaptation is also identified by cultural
evidence
such
as
architecture,
landscape
modification
as
well
traditional settlement approaches.
Several research regarding this issue
have been conducted but still very
preliminary
and
fragmented.
Therefore, the archaeological study of
disasters in Indonesia is still potential
to be explored. One of the most
effective approaches is by adopting the
multidisciplinary study to provide a
better perspective of past disasters and
formulate a form of knowledge based
on local wisdom for the development of
disaster mitigation in Indonesia.
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Extended Abstract

Overview of karst in Rembang and Blora: their
prehistoric cave settlement potential
Hari Wibowo and Indah Asikin Nurani
Regional Agency for Archaeological Research in D.I. Yogyakarta Province, Jl. Gedongkuning No.
174, Yogyakarta 55171

ABSTRACT
Despite the potential of the Rembang zone mountain range is meagre compared to
the Kendeng mountain range situated to the south, the Rembang Zone is still known
to have archaeological potential. Research in the Rembang Zone in Blora and
Rembang regencies have been conducted since 2005. This study aims to reveal the
potential for prehistoric cave occupations in the two regencies, which are influenced
by karst morphology and lithology. The biggest impact of the morphology and
lithology is the lack of caves, rock shelters, or the formation of collapsed doline, which
are adequate as prehistoric cave dwellings.
Keywords: prehistoric settlement, archaeology, dwelling caves, Rembang, Blora
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INTRODUCTION
Rembang and Blora regencies are part
of the karst area in the mountains of
the northern part of Java, an area that
van Bemmelen calls the Rembang Zone
(van Bemmelen, 1949). The Rembang
Zone, often referred to as the North
karst mountain range, stretches
parallel to the Kendeng mountain
range, where it is separated by the
Randublatung Zone. The Rembang
Zone is a fault zone between a
carbonate exposure in the north (Java
Sea) and a deeper basin in the south
(Kendeng Zone). The constituent
lithology is a mixture of shallow marine
carbonates with clasts, as well as deep
sea clays and marl.
Archaeological research on the karst
area of the Blora Regency shows that
most of the caves are unfit for
habitation. In 2005, an archaeological
survey was conducted in 17 caves, of
which only one doline contained two
caves. This gives an indication of its
high archaeological potential, namely
the Kidang Doline (Figure 2). Most of
the types of caves in the Blora karst
area are underground rivers, vertical

caves, and hillside caves, which are
unfit for habitation (Nurani and
Yuwono, 2008). Furthermore, from
2009 to 2018, the Kidang Doline was
excavated with surprising results,
namely three individuals of Homo
sapiens skeleton. These were found in
different stratigraphic positions and
locations within the cave. In addition,
the findings of human life traces as
cave dwellers were in the form of food
scraps (flora-fauna) and various types
of shell and bone artifacts. The
dominant amount of shell and bone
artifacts
indicate
a
significant
difference in the culture of prehistoric
cave dwellings, especially in Java
(Gunung Sewu), while lithic fragments
are almost absent (Nurani et al.,
2019).
Based on the results of research done
in the Blora karst area, exploring the
northern karst area in the Rembang
Regency is still a fascinating choice
despite the number of prehistoric
caves. In 2019, survey results in the
Rembang Regency produced several
cave clusters (Wibowo et al., 2020).
Archaeological surveys results have
shown 51 caves consisting of vertical

Figure 1. Landscape of Rembang Zone karst hills in the Rembang Regency (Source:
documentation of the Regional Agency for Archaeological Research in D.I. Yogyakarta
Province).
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Figure 2. Collapse doline Kidang, Blora Karst (Source: documentation of the
Regional Agency for Archaeological Research in D.I. Yogyakarta Province).

caves, horizontal caves, inlets, and
collapse doline. Based on the total
number of caves surveyed, it is known
that there are three caves that indicate
a prehistoric dwelling cave. Even so,
the three caves that are considered
habitable still need to be proven by
archaeological excavations (Wibowo et
al., 2019). The survey results showed
that
archaeological
potential
of
Rembang Zone karst area in the
Rembang Regency as a prehistoric
settlement cave, is very low when
compared to the karst segments of the
Kendeng mountain range at the south
(Figure 3).

METHODOLOGY
This
study
uses
survey
and
archaeological excavation methods to
collect data. Data from Rembang was
obtained through a survey conducted
in 2019. The data from Blora were
obtained through a survey conducted
in 2005-2006 as well as excavations
conducted from 2009 to 2018. Data
from these two research areas were
synthesized to see the effect of the
karst
environment
on
possible
prehistoric settlements in the caves.
Data from the Southern Mountains of
Java, especially Gunung Sewu Area,
were obtained through literature
studies that were used as a
comparison because there are evidence
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for its great potential as a prehistoric
dwelling cave.

RESULTS
Based on the comparison between
lithology to formation characteristics
in the regional stratigraphy of the
Rembang Zone, the Rembang Zone
stratigraphy from the lower (old) to the
top (young) layers is divided into
several formations, namely Tawun
Formation, Ngrayong Members of
Tawun Formation, Bulu Formation,
Wonocolo
Formation,
Ledok
Formation, Mundu Formation, and
Solo Terraces Alluvium Deposits. In
regard to the formation of these
formations, and also based on
research in Rembang and Blora
regencies, archaeological caves were
found in the lithology of the Bulu

Formation from Middle Miocene to Late
Miocene (Nurani et al., 2019;
Pringgoprawiro,
1983).
In
the
Rembang Regency, the cave clusters
that are thought to have high
archaeological potential are in the
southern part as well as in the Bulu
Formation, which stretches from the
Gunem Regency to the Bulu Regency
(Wibowo et al., 2019). In addition, Bulu
Formation hosts the only cave that is
proven to have archaeological potential
in the Blora Regency, namely Kidang
Cave (Nurani, 2011).
The karst areas of Blora and Rembang
regencies show that the limestone of
Bulu Formation is the most suitable
for creating caves as a prehistoric
residential location. For instance,
other limestone lithologies such as the
Paciran Formation, form many vertical

Figure 3. The regional physiographic zoning of central and eastern Java Island
(division follows Pannekoek, 1949; van Bemmelen, 1949) (Source: Husein, 2016).
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Figure 4. Mount Sewu Karst Area with conical hills (Source: Haryono et al., 2016).

caves that were uninhabitable by
prehistoric humans. The lithology of
the Bulu Formation is known to form
rock shelters and collapse doline,
which has potential as prehistoric
dwellings in these two regencies.
However, in terms of quantity, there
are not many caves and rock shelters
that has the potential to be inhabited
in the two regencies. One of the factors
causing the lack of habitable caves,
rock shelters, or collapse doline is the
morphology of the karst in these two
regencies. The morphology of the karst
area generally lies in a folded hill
structure. After the folding undergoes
a dissolving process, the morphology of
conical hills was formed at the top
surface of the karst hills (exokarst). In
other parts of the landscape, dissolved
basins (doline) were then formed. River
stream valleys form the mouth of the

cave (sinkhole), and water and lake
karst were found at the bottom
(Wacana et al., 2014). Meanwhile,
there are minimal conical hills in these
two regencies. This shows that the
karstification process in this area is yet
to be perfect (Figure 4).
The morphology of the Rembang Zone
is generally less sloping and more
symmetrical than that of the Kendeng
mountain range, which are steeper
(Nurani
and
Yuwono,
2008).
Furthermore, observation of the
landscape around the Kidang Cave
shows
landscapes
with
a
flat
morphology in the Blora Regency
(Nurani et al., 2019). Karstification
occurs due to weathering, erosion, and
denudation processes which then
produce rough and steep topographic
and morphological expressions. The
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relatively gentle slope morphology and
the lack of conical hills indicate that
the karstification level in the Rembang
Zone in Blora and Rembang is younger
than the karstification process in the
Southern Mountains of Java (Nurani et
al., 2019). In the Rembang Zone, it is
estimated that the karstification
process occurred during the Middle
Miocene, which was caused by uplift
due to tectonic activities and the drop
of sea level that occurred at that time
(Nurani et al., 2019). When compared
to the karstification in the Southern
Mountains of Java, specifically in
Gunung Sewu, the karstification
process has occurred since the Lower
Miocene (Intan and Simanjuntak,
2002).

CONCLUSION
Morphological aspects appear to be the
main controlling factor for the lack of
potential for archaeological prehistoric
settlement in the karst area of the
Rembang Zone in Rembang and Blora
regencies. The availability of caves for
inhabitation is minimal, forcing
prehistoric humans to live in one place
for long periods of time. This is
confirmed by the results of research in
the Kidang Cave in Blora, which was
inhabited for a long period since the
Late Pleistocene. In fact, the results of
the latest excavation study (reaching a
depth of 225 cm from the surface) have
not shown the end of the cultural layer.
Signs of cave inhabitation in Kidang
Cave are still present, and the sterile
layer of culture is not yet reached.
Another possibility is that the
inhabitants of the karst areas of

Rembang and Blora in prehistoric
times are more oriented towards open
areas. If this assumption is accepted,
then the chances of finding the
remains of prehistoric culture are most
likely around the locations of ancient
springs or river streams in the area.
This open area around the water
source is more likely to contain
settlement potential.
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Tenggar Cave, Tulungagung: preliminary study
and its paleontological potentials
Agus Tri Hascaryo1, Rusyad Adi Suriyanto2, Delta Bayu Murti3, and Tuti Koesbardiati3
1
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3
Department of Anthropology, Universitas Airlangga, Surabaya, Ind onesia
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ABSTRACT
Goa Tenggar or Tenggar Cave is situated in the karstic physiography of southern
Tulungagung, East Java that made up of prehistoric caves. These include the Wajak
complex (minimum age of 37.4 to 28.5 thousand years ago) and the Song Gentong
(around 7000 BP). The formation of Tenggar Cave is influenced by the subterranean
river that penetrates the limestone unit. This cave has a front width of ± 10 m and a
roof height of ± 8 m. The east side of the cave floor is a layer of soil, and the western
side is the river. The inside of the cave composed by very compact conglomerate
deposits and paleosoil that contains faunal remains, including Cervus sp., Bos sp.,
Bubalus sp., and Bibos sp., which may have occurred during the Pleistocene. The
fossilized faunal remains from Tenggar Cave show that there was a relatively open
environment during that time, such as a savannah with large trees and flowing rivers
around the cave. The paleoenvironment indicates late Pleistocene to early Holocene
period, similar to paleoenvironment in the Sewu Mountains that stretch along the
southern part Java from central to the eastern tip of the island includes the coastal
towns of Gunung Kidul, Pacitan and Tulungagung.
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The situation is certainly a point of interest when associating the findings with the
surrounding sites, starting from Wajak, Song Gentong, Pacitan, Ponorogo, and
Gunung Kidul. However, absolute dating test is necessary to be more certain of the
lifetime of the fossilized fauna. If the fossils were from the Late Pleistocene, it could
be an important information for the fields of paleontology, paleoanthropology, and
prehistoric archaeology given that the occurrence of sites with such antiquity are
limited in Southeast Asia. It is essential to conduct intensive research in Tenggar
Cave in the future.
Keywords: Tulungagung, Tenggar Cave, faunal remains fossil, Pleistocene,
Holocene.
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Abstract

Significance of Skull IX in Asian Paleoanthropology
Yousuke Kaifu
The University Museum, The University of Tokyo, Japan

ABSTRACT
Skull IX (Tjg-1993.05) was found in Sangiran, Central Java, in 1993, and is now
stored at the Institute of Technology, Bandung. It is a remarkably complete fossil
cranium of Homo erectus. It is one of the six H. erectus crania from the early
Pleistocene of Java that preserves a nearly complete vault and is the third Javanese
H. erectus crania with a substantial part of the facial skeleton preserved. After
preliminary studies by late Prof. Sartono and other researchers, our team, led by
Prof. Yahdi Zaim, had an opportunity to re-reconstruct and fully describe the
specimen during 2008-2010. In this paper, I introduce how we corrected the
distorted original reconstruction and summarize the specimen’s implications for the
Homo erectus evolution in and outside Indonesia. Skull IX closely resembles Sangiran
17 and other Javanese H. erectus crania from the same stratigraphic level. The
neurocranium of Skull IX is slightly smaller than the so-far-recorded smallest
cranium from this zone, suggesting this individual was female. The face exhibits
some “Asian” features, which highlights regional variation in Afro-Asian archaic
members of Homo.
Keywords: Homo erectus, Skull IX, Sangiran, Java
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Abstract

Why don’t we look to the west?
Harry Widianto and Sofwan Noerwidi
National Research Center of Archaeology, Yogyakarta Sub -Center

ABSTRACT
Paleontological data indicate that the beginning of Java Island’s human habitation
took place at the Plio-Pleistocene boundary, around 2.4 Ma, along with uplift process
and glacial-interglacial cycles. However, the oldest Homo erectus fossil was mainly
found in the eastern part of Java Island where age-dating indicates that they were
from ca. 1.5 Ma, especially along the riverbanks of Bengawan Solo and Brantas, such
as Perning, Sangiran, Kedungbrubus, Ngandong, Ngawi, Trinil, and Sambungmacan.
Recently, Pleistocene sites were discovered from the western part of Java, e.g.,
Rancah (Ciamis), Semedo (Tegal), and Bumiayu (Brebes) with their archaeological,
paleontological, and paleoanthropological potentials. This work will present the
significance of the potential, especially paleoanthropological data from the new sites,
and their implications to the Quaternary prehistory research strategies
determination in the future.
We present new geological, archaeological, paleontological, and paleoanthropological
evidence from those mentioned sites. The result shows that the distribution of Homo
erectus were extended to the western part of Java, between 1.8-1.7 Ma, older than
the oldest previous finding of Homo erectus from Perning and Sangiran. This finding
suggests a new window of the human arrival on this island. So, why don’t we look to
the west? Intensive research in the future should be addressed to the western part
of Java Island.
Keywords: Homo erectus, Plio-Pleistocene, Quaternary, Java
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Extended Abstract

On the 91/17 pattern in the brackish ichnofabric
Ery Arifullah
Human Resources Development Agency, East Kalimantan Government

ABSTRACT
From earlier research, I have identified what ichnotaxa dominate each ichnofabric
unit and how many ichnotaxa are taking up a share of the total observed ichnofabric
units. The contribution of this paper is the 91/17 pattern. The point of this pattern
is that only 17% ichnotaxa (6 of 34 ichnotaxa) had 91% of the total ichnofabric units
that were observed. In addition, the six ichnotaxa tend to be more monospecific.
These are the most effective strategies for the animal to survive by constructing the
most essential structures. These strategies are common in brackish paleoecology in
the fluvial-marine transition zone.
Keywords: ichnofabric, ichnofossils, fluvial-marine transition, Samarinda, Kutei
basin
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INTRODUCTION
The study area is a fluvial-marine
transition zone depositional system
(Bachtiar, 2004; Arifullah, 2005). Most
authors interpreted it based only on
the
sedimentological
evidence,
although ichnofossil is relatively easy
to be observed in the outcrops. This
lack of evidence uses, caused poor
understanding of the paleo fluvialmarine transition zone in the area.
In terms of geomorphic units,
ichnofossil is an indirect proxy for the
fluvial-marine
transition
zone.
However, it is a direct proxy of
paleoecology (Arifullah, 2019). The
common paleoecology in the study
area is brackish (Bachtiar, 2004). In
this place the temperature, salinity
and turbidity of water is a fluctuating
and biologically stressed environment
(Dalrymple and Choi, 2007). Thus, I
hypothesize that only a few types of
ichnofossil will dominate and emerge
as monospecific variants.

METHODOLOGY
I had observed 640 ichnofabric units in
20 outcrops located in Samarinda
area, Kutai Basin, East Kalimantan,
Indonesia (Figure 1). The outcrops are
also part of the Serravallian-Tortonian
interval. General morphology (in three
dimensions), orientation to bedding
surface and branching, burrow fill and
burrow lining were scrutinized. This
approach is a taxonomic requirement
for ichnofossil to address either
ichnotaxon or ichnotaxa (Arifullah et
al., 2016).

The predominant ichnotaxon in
ichnofabric units is the basis for the
naming of the ichnofossil association.
An ichnotaxon is dominant if its
present is over 50% than other
ichnotaxon/ichnotaxa in ichnofabric
units (Pickerill and Narbonne, 1995). I
put the code to the ichnofabric unit.
Each code describes outcrop location,
dominant ichnotaxon and secondary
ichnotaxon (see Arifullah, 2019). With
codification,
I
calculated
what
ichnotaxa dominates and know the
tendency
of
those
ichnofossil
associations to appear in ichnofabric
units, whether they tend to be
monospecific or polyspecific. I did that
by statistical analysis. The Pareto
histogram was used to visualize the
probability of ichnofossil association
from highest to lowest. Another
histogram is presented to compare
between monospecific and polyspecific
trends of the ichnofabric unit.

RESULTS
Thirty-four
ichnotaxa
had
been
identified and twenty of them are
dominant in the ichnofabric unit.
Based on the Pareto histogram, there
are only six ichnotaxa that stand out
(Figure 2), which is about 17% of the
total identified ichnotaxa. I call it the
“elite ichnofossil” (Arifullah et al.,
2020). There are Ophiomorpha (27%),
Skolithos (23%), Paleophycus (13%),
Planolites (10%), Thalassinoides (10%)
and Chondrites (8%) with a cumulative
frequency of 91.09%. Thus, the actual
pattern is 91/17. It means that only a
small portion of ichnotaxa obtains a
major share of the total ichnofabric
units. To understand the ichnotaxa,
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Figure 1. The geological map of Samarinda Area (modified after Supriatna, 1995).

brief descriptions of the ichnotaxa are
presented in the following paragraphs.
Ophiomorpha can show structures that
are either tunnels, shafts, or both
(complex). It appears as full relief
and/or epirelief. Its burrow lining is
strengthened by lithic fragments and
pellets (Figure 3A). Since burrow fill of

Ophiomorpha shows passive fill and/or
meniscate backfill structure, all
Ophiomorpha can be found in fine to
coarse-grained sandstones.
Skolithos is a cylindrical shaft burrow.
It means vertical orientation to the
bedding surface (Figure 3B). It can
show straight or curved-like shaft
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morphology. No branches are found. It
appears as full relief and/or epirelief.
There is no indication of burrow lining.
Skolithos can be spotted in both
mudstone and sandstone.
Paleophycus is a cylindrical tunnel
burrow (Figure
3C). It means
horizontal orientation to the bedding
surface and might present as straight
or curved-like. No branches shown. It
turns up as full and/or epirelief and
always displays thin burrow lining.
The burrow fill shows passive fill

structure. Paleophycus is often found
in fine to medium-grained sandstones.
Planolites is a cylindrical tunnel
burrow that shows sub horizontal to
horizontal orientation to the bedding
surface without branching. (Figure
3D). Planolites do not have burrow
lining. Its burrow fill displays active fill.
In general, its color contrasts with the
surrounding sediment. Planolites can
be discovered in mudstone or muddy
sandstone.
Sometimes
Planolites’
tunnel is mistaken for Chondrites,
however Planolites does not have a

Figure 2. The Pareto histogram of the ichnofossil, there are only six ichnotaxa that
stand out (after Arifullah, 2019). Notes: Op: Ophiomorpha, Sk: Skolithos, Pa:
Paleophycus, Th: Thalassinoides, Pl: Planolites, Ch: Chondrites, Ma: Macaronichnus,
Te: Teichichnus, As: Asterosoma, He: Helmintoidinichnites, Rh: Rhizocorallium, Zo:
Zoophycos, Ar: Arenicolites, Sb: Schaubcylindrichnus, Tr: trackway, Co: Conichnus,
Ps: Psilonichnus, Sc: Scolicia, Al: Alcyonidiopsis, Pn: Phycosiphon.
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Figure 3. The six ichnotaxa (elite ichnofossil): A. Ophiomorpha, B. Skolithos,
C. Paleophycus, D. Planolites, E. Thalassinoides, F. Chondrites (after
Arifullah, 2019).

shaft like Chondrites has. Therefore,
research on something similar to
Planolites or Chondrites should be
done.
Thalassinoides is a complex structure
that shows a gallery (Figure 3E). It
appears as full and/or epirelief. The
burrow fill of Thalassionoides shows
meniscate backfill and passive fill. The
morphology may be similar to
Ophiomorpha, but the burrow lining is
in stark contrast. Thalassinoides have

smooth burrow lining and often appear
in mudstone or muddy sandstone.
Chondrites is a complex structure that
shows similarities to the morphology of
the roots (Figure 3F). Therefore, it
must have exposed the shaft and
tunnel. It can turn up as full relief
and/or epirelief. In epirelief feature,
Chondrites shows its tunnel structure
only. Chondrites are often found in
both mudstone and fine-grained
sandstone.
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Figure 4. The histogram showing the
trend whether the six ichnotaxa tends
to develop as a monospecific or
polyspecific variant (after Arifullah,
2019). Notes: Op: Ophiomorpha, Sk:
Skolithos, Pa: Paleophycus, Th:
Thalassinoides, Pl: Planolites, Ch:
Chondrites

Observations on 640 ichnofabric units
show that Ophimorpha, Skolithos,
Paleophycus,
Planolites,
Thalassinoides and Chondrites have a
more dominant performance as
monospecific
variants
than
polyspecific (Figure 4). It means that
elite ichnotaxa tend to perform as
single ichnotaxon in ichnofabric units.

DISCUSSION AND CONCLUSION
Based on the complexity of the elite
ichnofossil,
Ophiomorpha,
Thalassinoides and Chondrites are

permanent structures, while Skolithos,
Palaephycus
and
Planolites
are
incidental
structures.
Permanent
structures imply longer window
colonization than incidental ones (see
Pollard et al., 1993; Taylor et al.,
2003). Furthermore, paleoecological
significance of the elite ichnofossil is
presented in Table 1. It shows how the
animal gets its food, substrate
stability, the richness of organic
matter, sedimentological processes
and water turbidity.

Table 1. Paleoecological significance of ichnofossil association (after Arifullah, 2019)

Association

Behavior

Paleoecology

Ophiomorpha Domichnia, •
Permanent structure
fodonichnia •
Deposit
and
suspension
feeder
•
Thixotropic substrate
•
Alternating
erosion
and
deposition
•
Clear water
Skolithos

Domichnia

• Incidental structure
• Suspension feeder

References
(Bromley, 1996;
Howard,
1978;
Pollard
et
al.,
1993)

(Rhoads and Young,
1970; Miller, 2007)
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Association

Behavior

Paleoecology

References

• Clean water
Paleophycus

Domichnia

•
•
•
•

Incidental structure.
Suspension feeder.
Thixotropic substrate.
Clean water.

(Pemberton et al.,
2001)

Planolites

Fodonichnia,
paschichnia

•
•
•
•
•

Incidental structure.
Detritus-deposit feeder.
Dilatancy substrate.
Cloudy water.
Anoxic.

(Bromley,
Pemberton
Frey, 1982)

Thalassinoides

Domichnia,
fodonichnia

(Bromley,
1967;
• Permanent structure.
• Deposit and suspension feeder. Bromley, 1996)
• Dilatancy substrate.

Chondrites

Agrichnia

• Permanent structure.
• Deposit feeder.
• Dilatancy substrate.

In this ichnological study, the 91/17
pattern indicates that some ichnotaxa
are very effective at making less variety
of ichnotaxa. To survive, animals
construct ichnotaxa by considering
factors such as substrate type and
access to food. It is the optimal effort to
deal with that biological stress
environment
such
as
unstable
conditions that are always repetitive,
unpredictable and possibly reworking
existing communities. I think this
condition is an established indicator of
brackish
paleoecology.
This
interpretation is consistent with the
result of benthic studies of Bachtiar
(2004).
Brackish paleoecology can occur in
any depositional environment located

1996;
and

(Kotake, 1991)

in the fluvial-marine transition zone
(Dalrymple and Choi, 2007) which
includes deltas, estuaries, tidal flats,
stranded plains (Boyd et al., 1992).
Therefore, elite ichnofossils cannot be
used as an indicator for a specific
depositional environment in the
fluvial-marine transition zone. Other
parameters of ichnofossil data should
be observed and their distribution
should be mapped.
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ABSTRACT
In Indonesia, nannofosils are commonly used for age estimation on Miocene marine
sediment, but they are rarely performed on Quaternary sediment. This paper
introduces two nannofossil biozones, Martini (1971) and Backman et al. (2012) and
the comparison between the two biozones. An uninterrupted interval of marine
sediments was described and picked for quantitative nannoplankton analysis. The
samples were taken from Ledok Formation to Lidah Formation in Pati Region,
Northeast Java Basin. The samples were prepared by quick smear slides method and
and analyzed by quantitative field of view method. Martini (1971) biozone can be used
to subdivide the Late Miocene–Pleistocene sediments into 5 biozones, but Backman
et al. (2012) can be used to classify the same sediments into 8 biozones. The biozone
subdivision from Backman et al. (2012) is more detailed than that of Martini (1971)
because an updated dating and biozone in the three new dating zone data.
Keywords: nannoplankton, biozones, Quaternary, Northeast Java Basin
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Figure 1. East Java Phisiographic Map. Research area in black box (van
Bemmelen, 1949).

INTRODUCTION
Calcareous
nannofossils
are
a
heterogeneous group of marine living
organisms and calcareous fossil
structures, generally smaller than 30
µm in size. A single nannofossil is
called a coccosphere and is covered in
many calcite plates (usually between 5
and 10 micrometres across) known as
coccoliths. They first appeared in the
Late Triassic and were restricted to the
low latitudes. Calcareous nannofossils
are
extremely
useful
in
the
biostratigraphy of marine sediments of
Jurassic to Recent ages. This is
because they are abundant, rapidly
evolving,
and
cosmopolitan.
In
addition, their small size means that
they can be studied from very small
rock chips. In Indonesia, nannofosils
are common for age estimation in
Miocene marine sediment, but they are
still rarely performed on Quaternary
sediment. This paper introduces two
nannofossil biozones, Martini (1971)

and Backman et al. (2012) and
compares the two biozones to
investigate which one is more suitable
to use in Indonesia.

METHODOLOGY
An uninterrupted interval of marine
sediments was described and sampled
for the purpose of this study. The
outcrops are from Ledok Formation to
Lidah Formation in Pati Region,
Northeast Java Basin. The study area
is situated within latitude 06º 52' 30" 06º 54' 09" S and longitude 111º 03'
00" - 111° 05' 30" E. Based on the
Physiographic Map of East Java,
Gunungpanti area belongs to the
Rembang Zone (Figure 1).
Sampling in this study were obtained
by measuring section in continuous
outcrops. For measuring section in the
Northeast
Java
Basin,
it
was
performed on three traverses, namely
Sungai Kedunglawah Traverse, Sungai
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Figure 2. Traverse and Sampling.

Tambar – Sungai Nggaber Traverse,
and Sungai Kedungkembang Traverse
(Figure 2). Sample preparation was
done by using quick smear slides
method and quantitative method for
analysis.
Nannoplankton
analysis
observations were accomplished by the
commonly-used Field of View (FOV)
method. The standard-sized cover
glass is ± 120 x 250 μm.
Two of nannofosils biozones, Martini
(1971) and Backman et al. (2012) were
used for biozone analysis. Martini
(1971), with NN code refers to
Nannofosils Neogene, subdivides Plio –
Pleistocene interval into 9 biozones
(NN-12 – NN-21 biozones). However,
Backman et al. (2012) subdivides Plio
– Pleistocene interval into 11 biozones
(CNPL-1 – CNPL11 biozones) which

means the advantage of Backman et al.
(2012) biozone is that it can provide
more detailed age subdivision for
Pleistocene epoch.

RESULTS
Based on Backman et al. (2012)
biozone, Ledok Formation to Lidah
Formation can be subdivided into 8
biozones (Figure 3). The detail biozones
consist of:
a. Partial Range Zone Ceratholithus
rugosus. It is marked by the
appearance
of
Ceratholithus
rugosus which similar with CNM19 – CNM-20.
b. Concurrent
Range
Zone
Ceratholithus
rugosus
-
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Figure 3. Backman et al. (2012) biozones of Ledok Formation to Lidah Formation.

c.

d.

e.

f.

Spenolithus
abies.
It
is
characterized by the appearance
of Ceratholithus rugosus and LAD
Spenolithus abies which similar
with CNPL 1 - CNPL 2.
Base Zone Spenolithus abies –
Reticulofenestra pseudoumbilica.
It is marked by two LAD of
nannofosils
datum
plane,
Spenolithus
abies
–
Reticulofenestra pseudoumbilica.
It is similar with CNPL-3
Taxon Range Zone Discoaster
pentaradiatus. It is marked by
specific FAD and LAD Discoaster
pentaradiatus. It is similar with
CPNL-4 – CPNL-5.
Base
Zone
Discoaster
pentaradiatus
–
Discoaster
brouwerii. It is marked by two
LAD of nannofosils datum plane,
Discoaster pentaradiatus and
Discoaster brouwerii. It is similar
with CNPL-6 – CPNL-7
Concurrent
Range
Zone

Discoaster
brouwerii
Gephyrocapsa. It is characterized
by the appearance of LAD
Discoaster
brouwerii
and
appearance of Gephyrocapsa
which similar with CNPL-8
g. Concurrent
Range
Zone
Gephyrocapsa
–
Emiliania
huxleyi.
It
is
marked
by
appearance of Gephyrocapsa –
Emiliania huxleyi which similar
with CPNL-9 – CPNL-10.
h. Partial Range Zone Emiliania
huxleyi. It is marked by the
appearance of Emiliania huxleyi
which similar with CPNL-11.
Using Martini (1971) biozone, the
sediments of Ledok Formation - Lidah
Formation can be subdivided into 5
biozones (Figure 4):
a. Partial Range Zone Ceratholithus
rugosus. It is marked by the
appearance
of
Ceratholithus
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Figure 4. Martini (1971) biozones of Ledok Formation to Lidah Formation.

b.

c.

d.

e.

rugosus which similar with NN-11
– NN-12.
Concurrent
Range
Zone
Ceratholithus
rugosus
Reticulofenestra pseudoumbilica.
It is characterized by the
appearance
of
Ceratholithus
rugosus and LAD Spenolithus
abies which similar with NN-13 –
NN-15.
Taxon Range Zone Discoaster
pentaradiatus. It is marked by
specific FAD and LAD of
Discoaster pentaradiatus. It is
similar with NN-15 – NN-17.
Concurrent
Range
Zone
Discoaster
pentaradiatus
Emiliania
huxleyi.
It
is
characterized by the appearance
of LAD Discoaster pentaradiatus
and appearance of Emiliania
huxleyi which similar with NN-18
– NN-20.
Partial Range Zone Emiliania

huxleyi. It is marked by the
appearance of Emiliania huxleyi
which similar with NN21 –
younger.
The result of Backman et al. (2012)
gives the more detailed result than
Martini (1971) biozone (Figure 5). The
new detail Backman et al. (2012) was
proposed by using new data dating
from Marine Isotopes Stages (MIS)
data. The three new biozones are CNPL
1 – CNPL 2 (5.2 - 4 Ma) which uses
Spenolithus neoabies datum plane,
CNPL -3 (4.0 – 3.8 Ma) which uses
Reticulofenestra pseudoumbilica datum
plane, and CNPL- 6 (2.4 – 2.0 Ma)
which uses Discoaster brouweri datum
plane.
For the further research, quantitative
analysis of Emiliania huxleyi can give
the new detail biozone boundary. It can
subdivide
NN-21a
and
NN-21b
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Figure 5. Comparison between Martini (1971) and Backman et al. (2012) biozone.
Backman et al. (2012) biozone gives more detailed result than Martini (1971).

(Martini,1971 zone) or CPNL-11a and
CPNL-11b (Backman et al., 2012
biozone). The biozone NN21a/NN21b
boundary is marked by an abrupt
increase of Emiliania huxleyi within the
relatively warm stage MIS 3 at 50 ka. A
further increase and considerable
fluctuations Emiliania huxleyi are
recognized within warm stage MIS 1
This is thought to reflect continuous
climate variability during this stage in
the Late Glacial - Holocene. In the NE
Java Basin, it can be applied in the
Lidah Formation. We must take the
detail samples from Lidah Formation to
know the the boundary of CPNL-11a
and CPNL-11b.

Formation to Lidah Formation in the
sediments of Northeast Java Basin.
Late Miocene - Pleistocene sediments
using Martini (1971) subdivides into 5
biozones but Backman et al. (2012).
can classify into 8 biozones. An update
biozone from Backman et al. (1971)
gives the more detail result than
Martini (1971). It can be applied for the
marine deposits in the Northeast Java
Basin, so possibly it can also be
applied in another basin in Indonesia.
For
the
further
research,
the
quantitative analysis of Emiliania
huxleyi must be performed to get more
details about zone boundary in the
Pleistocene age (NN-21a and NN-21b or
CPNL-11a and CPNL-11b).
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ABSTRACT
We report on results from surveys undertaken in Sumatra during 2018 and 2019.
The surveys had three objectives: (1) to examine, sample, and record the extensive
Quaternary fossil deposits from caves in West Sumatra; (2) determine the potential
for fluvial deposits in Riau and Jambi provinces; and (3) relocate the fossil
proboscidean remains reported from Bangka Island. Our surveys produced several
significant results. We mapped three important Padang Highland caves, Ngalau Lida
Ajer, Ngalau Sampit, and Ngalau Gupin, locating and sampling the main fossil
deposits in each, as well as recording additional caves in the region. Our surveys of
the fluvial systems in central-west Sumatra did not reveal any vertebrate Pleistocene
deposits but did yield Mio-Pliocene trace fossils. Finally, we relocated elephant fossils
from Bangka, but no in situ vertebrate remains could be found. These finds add
important new data to the geological history of Sumatra.
Keywords: proboscidean, Quaternary, Bangka Island, Central Sumatra
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INTRODUCTION
The island of Sumatra forms part of the
continental landmass of Sundaland. It
is the sixth largest island, and is
distinctly
asymmetric,
with
the
western
part
of
the
island
characterized by extensive mountain
building from a Cenozoic volcanic arc
system,
and
the
eastern
part
consisting of a sedimentary basin with
young folding and more recent alluvial
plain deposits (Hutchinson, 1989;
Verstappen, 1973). Off the east coast of
Sumatra lies the islands of Belitung
and Bangka, and the Lingga and Riau
archipelagos, comprised of peneplains,
residuals hills, and a Quaternary cover
of mainly fine sands (Verstappen,
1973).
Across these landforms, we undertook
a palaeontological survey program
aimed
at
locating
significant
Quaternary
fossil
deposits.
The
rationale behind this transect was
straightforward.
Important
palaeontological deposits had been
recorded from the Padang Highland
caves by Dubois (Dubois, 1891), and
Paleogene vertebrates and trace fossils
from the Ombilin Basin had been
described (e.g. Zaim et al., 2014;
Zonneveld et al., 2011). We had been
able to relocate several of Dubois’s
Padang Highland caves as well as
discovering new fossil deposits in the
region (Louys et al., 2017). However,
the extent of these deposits and the
cave systems they were found in
required more extensive recording.

representative of rainforests. However,
during several important periods of the
Quaternary, notably the middle
Pleistocene,
extensive
savannah
ecosystems
dominated
central
Sundaland (Louys and Roberts, 2020).
The full extent of these savannahs is
still poorly known, and whether they
extended into Sumatra can’t be
established based on available data.
The peneplains of eastern Sumatra
hold promise for the recovery of fossils
that would inform on the presence of
rainforests or savannahs in the
Pleistocene. These are characterized by
extensive alluvial plains and swamps
dissected by well-developed river
terraces (Verstappen, 1973). Finally,
survey of the Nibung and Mentok
region was undertaken to relocate
vertebrate fossils that had been
reported from the island by Martin
(1884).

METHODOLOGY
Terrestrial surveys proceeded on foot
with GPS units for locality recording.
Underground surveys employed linelevels and laser range finders for
difficult to access chambers. This
allowed us to map geomorphology and
cave topography through each system.
Cemented deposits were extracted with
geological hammers, ensuring that
orientation and position of blocks
relative to speleothems are recorded.
All soft sediment samples were wet
sieved through sieves to recover
microfauna, with initial sorting on site.

The Quaternary vertebrates recovered
from the Padang Highland caves were
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RESULTS
Padang Highlands
Lida Ajer was surveyed between 23rd
and 25th June 2018. The sinkhole at
the rear of the cave was fully explored
and mapped. An approximately 1 x 1 x
1.6 m pit was encountered just past
the southwest arm of the sinkhole
passage, and its stratigraphy logged.
Teeth were extracted from the walls
and floors of the sinkhole passages,
and at along various points of the
sinkhole for U-series and ESR dating.
One stalagmite was recovered broken
from the sinkhole and collected. The
four discrete breccia sites were
identified along the northern wall of the
main chamber and intact breccia block
samples were extracted systematically
from each of these. Dating results from
these samples will be reported
elsewhere (Louys et al., in prep).
Ngalau Sampit was examined on June
27, 2018. It was fully explored, but
only partially mapped, with focus on
the breccia-bearing passages of the
cave. The exploration encountered and
largely penetrated several flooded
passages and found two additional
entrances to the cave. The main
chamber of Ngalau Sampit divides into
two breccia bearing passages, bearing
east and west in the northernmost
extent of the main chamber. Breccia
blocks and teeth were extracted for
dating and confirm the deposition
dates to MIS 5 (Duval et al., in prep).
Ngalau Gupin was mapped and
explored between 29th June and 2nd
July 2018. Teeth were extracted from

the main lithified units, as well as the
unconsolidated muds situated below
the breccia. Teeth were extracted for
dating,
and
taphonomic
and
palaeoecological analyses. Remains
from the unlithified deposits were
sieved through 0.5 mm mesh at the
river to recover small remains. Two
discrete breccia sites were present in
Ngalau Gupin. The first exposures are
present on the cave floor, eastern wall,
and western wall of a U-shaped curved
passage of which both entrances
connect to the southernmost extent of
the main chamber of Ngalau Gupin.
The breccia deposit of the eastern wall
extends only around one meter into the
passage entrance; the western wall
extends around to the inner southfacing wall. The second breccia site is
evident on the cave floor directly
outside of the curved passage which
dips steeply down as a south-facing
wall of mud deposits below the two
entrances. The breccia is only faunalbearing in the westernmost wall of the
western passage of the first breccia site
and the topmost layer of the southfacing wall of the second breccia site.
Results on the taxonomic, taphonomic,
and
chronological
studies
is
forthcoming (Smith et al., under
review).
In addition to the work in these caves,
three more caves in the Padang
Highlands were explored for potential
new deposits. Gua Atas and Gua
Bawah are situated on the same
uplifted limestone; however, are
topographically distinct. Gua Atas, the
higher of the two, is a moderately-sized
cave full of graffiti. Approximately 200
m below is Gua Bawah, a much larger
system with several openings. One
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Macaca incisor was recovered from the
surface, and a mollusk in breccia.
There are areas near one of the
entrances which appear to have a large
living space with deep sediment,
however, this was not explored further.
Gua Jianjin, near Sibarambang, has a
relatively small entrance, with a
steeply inclined initial passage that
opens
into
several
large,
interconnected chambers, and an
active streambed at the base. Although
we identify several separate breccia
formations, none of these host any
vertebrates. The breccias consist of
pebble to cobble-sized clasts, well
rounded and poorly sorted.
Logas Hilir River
Most of our attention was focused on
Logas Hilir River. We encountered a
series
of
river
gravels
and
conglomerates,
likely
of
late

Pleistocene and Holocene age. No
vertebrates were found. The only
buried organic matter observed were
macro botanical and wood deposits,
most likely Holocene in age, occurring
between the river gravels (Figure 1).
Taluk to Rengat
Examination of outcrops between
Taluk and Rengat produced no
vertebrates. However, we recorded
several ichnological sites in the region
(Figure 2). These consist of fine silts
and sandy beds with abundant
rhizoliths preserved. These were
recovered from areas corresponding to
the Muaraenim Formation, and thus
are likely to be middle to late Miocene
in age. The rhizoliths are relatively
large in diameter, with vertical and
diagonal orientations observed when

Figure 1. Organic rich layer in the Logas Hilir River terrace
deposits, consisting of macro botanical and large wood fragments.
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Figure 2. Location of sites producing rhizoliths (Ichno sites) and copal
deposits (Amber sites) along Sungai Indragiri (map courtesy of
Shimona Kealy).

preserved in situ. This indicates that
the roots formed in the vadose zone,
and implies the presence of irregular,
intermittent water supply such as a
channel-bar or overbank fluvial
deposits (Mount and Cohen, 1984).
Iron-staining of the rhizoliths indicates
the presence of monsoonal tropical
soils and paleosols (Retallack, 1991).
While the remains do not indicate
where the top of the land surface was
located, it does suggest stable land
surface was present during deposition,
probably a well-drained upland setting
(Mount and Cohen, 1984). Overall, the
rhizolith abundance, distribution and
size suggests a moderate to high
density of wooded vegetation. No
vertebrate terrestrial remains were
found.

copal. These are well-rounded and
have
perhaps
undergone
some
transportation prior to deposition.
Their recovery is consistent with the
presence of trees in the area. Thus, the
area between Taluk and Rengat is
reconstructed as being riparian
tropical woodland to forest. These
observations are consistent with the
interpretation of the formation as
representing a humid tropical deltaic
system (Boyd and Peacock, 1987).
Near Kuantan, we also explore an
abandoned coal mine site Bukit Asam
Pranap. This mine preserved the MioPliocene sequence of the region.
Examination of some of the laminated
coal deposits reveals several botanicals
as well as small fragmentary fish
remains.

In several locations, including one of
the rhizolith sites, we collected surface
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Figure 3. Fossil wood stem fragments, Mentok.

Bangka Island
Survey of this island took place in June
2019, and unfortunately most of the
original Pleistocene outcrops occurring
on the island have been destroyed by
mining activities, such that only a few
intact
sections
were
observed.
Nevertheless, we were able to locate ex
situ Elephas maximum fossils, having
been found by local miners close to
where they were reported from in
Nibung. In addition, fossil plant
impressions and rhizoliths were
observed in the Mentok area (Figure 3),
although the former could only be
identified to decorticated wood (stem)
fragments (Andrew Rozefelds, pers.
comm. 2019). The elephant fossils
have been sampled for dating and
isotopes, and results are currently
pending.

CONCLUSION
Our
preliminary
survey
has
highlighted the rich palaeontological
record of the Padang Highlands and
revealed the potential for important
palaeoenvironmental sites in the
sedimentary basin and alluvial plains
of eastern Sumatra and Bangka.
Quaternary
vertebrate
fossils,
however,
remain
elusive.
Their
discovery will likely be best facilitated
by reports from local people, although
it is recommended that further
exploration and survey take place,
particularly in the eastern foothills of
the Barisan Mountains.
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ABSTRACT
Yogyakarta, Indonesia is known for its kingdom government system for all its living
history; since 8-10th century Mataram Hindu-Buddhist temples to the present
Muslim Ngayogyokarto Hadiningrat. Those stretch of history resulted in many
artefacts and chronicles. A cultural imaginary line that linking Merapi Volcano in the
north and the Indian Ocean in the south through the Yogyakarta Palace in the middle
has a sacral geo-cultural heritage, explaining a prosperity gentle volcanic town, a
beautiful scheme of the open panoramic features with several temples standing on
the plain and mountainous landscapes in between the rest of earthquakes and the
volcanic eruptions. Many temples were partly buried under volcanic materials, and
some others show evidence of being shaken several times by earthquakes. Boulders
of volcanic materials varying in size and shapes are present in the plain of
Yogyakarta, near Cangkiringan, Ngemplak and Ngaglik. Landslides exposed many
geological features, such as faults, rock formation and stratigraphy, and some
unstable slopes. Cultural and geological heritages at Yogyakarta Region were created
over the time.
Keywords: geo-cultural heritage, historical kingdoms, Yogyakarta
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INTRODUCTION
The cultural history of Yogyakarta,
Indonesia (Figure 1), dated back to the
Old Mataram Kingdom in 8-10th
century, Muslim Mataram Kingdom in
15-18th century, and Ngayogyakarta
Hadiningrat since 19th century when
the first Sultan held the title of the
king,
until
the
present
Hamengkubuwono
the
10th
(Mulyaningsih, 2016). Undocumented
artifacts as the remains of the
civilizations
i.e.,
buildings,
foundations, and ceramics, filled up
the area since the 1st century
(Mulyaningsih, 2006). Hindu-Buddhist
temples from 8-10th century are

commonly
found
at
the
area
(Mulyaningsih, 1999) while palaces,
graves, historical buildings and
mosques of the 15-19th century and the
chronicles of Babad Tanah Jawa,
Babad Mataram and Babad Mangir are
cultural heritages that have been well
conserved by Indonesian law.
The
plain
of
Yogyakarta
is
geomorphologically
bordered
by
Southern Mountain in the southeast,
Kulonprogo Mountain range in the
west, Merapi volcano in the north and
the Javanese southern sea (Indian
Ocean) in the south. The socio-cultural
people of Yogyakarta invented a unique
imaginary line connecting the volcano
and the ocean, with Yogyakarta Palace

Figure 1. Situation map of study area.
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in the middle. The line represents
sacral moments of the union between
the Lord and the people in the
Javanese geo-cultural philosophy.
Paleo-geological environmental and
sub classical systems explained the
relationship
sequentially
and
completely. The area is a fertile
volcanic plain, beautifully open to a
panoramic
scene
that
features
numerous old temples spreading on
the plain until it meets the
mountainous range in the east and the
sea to the south.
The Merapi Volcano is one of the
world’s most active volcanoes, with at
least one activity in 2-5 years’ time
duration recorded. An eruption on
October 15, 2010, disorganized some
villages around the volcano (Rakhman,
2021) and a glowing avalanche on
November 22, 1994, buried a beautiful
and sacral village at Turgo area, taking
as many as ninety life casualties
(Setyawati et al., 2015). There are also
records of earthquakes in and around
Yogyakarta since 1867 AD. Daryono et
al.
(2018)
reported
12
fatally
earthquakes since 1840, i.e., 1840,
1859 that followed by tsunami, 1867,
1875, 1937, 1943, 1957, 1981, 1992,
2001, 2004, and 27 May 2006. These
previous studies confirmed that
Yogyakarta has unique geological
condition and cultural heritages
associated with it. The frequent but
unpredicted threat of volcanic and
tectonic activities of the area effect the
people’s way of life as cultural heritage.
This paper discusses the relationship
between the two aspects.

METHODOLOGY
The paper is a compilation of previous
studies that were rewritten and resynthesized. The cultural heritage
facts and studies were collected from
historians while the geological aspects
were based on the results of geological
heritage verification in Yogyakarta by
the Geological Agency. The verification
studies were then proposed after a
letter from the Ministry of Energy and
Mineral Resources in 2019 and 2020,
to determine as many as 20 geo-sites
as geo-heritage locations. All data were
compiled based on librarian method,
analyzed,
and
synthesized
by
inducting method.

RESULTS
There are 20 geo-sites in and around
Yogyakarta to compliment Merapi
Volcano Geopark and Gunungsewu
Geopark. The study on Merapi
Geopark itself is still ongoing, but it
will be an important treasure of
Yogyakarta. This study will combine
the geological aspects of the important
historical sites regarding their position
surrounding the named geoparks.
Yogyakarta has a long-recorded history
since 6th century of Kalingga Kingdom,
then Old Mataram Kingdom in 8-10th
century
and
Muslim
Mataram
th
Kingdom since 16 century (Muthiah
et al., 2018). Many parallel relics were
found in Yogyakarta, i.e., Hindu and
Buddhist temples, several unknown
structures, chronicles, and so on.
(Mulyaningsih, 2006; Mulyaningsih et
al., 2006; Figure 2).
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The
first geo-historical
site
is
Morangan Temple, located in the upper
flank of Merapi Volcano as far as 14km
from the crater. The base of temple has

not been exposed since pyroclastic
density currents, grain supported
lahars and muds in four sequences
separated by unconformably field

Table 1. Stratigraphic correlation of study area according to Newhall et al. (2000) of the
Merapi proximal area (near summit) and Mulyaningsih (2006) on the medial-distal area
(around the temple’s area).
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Figure 2. Buried temples, wells, dams, and others; artifacts relic of Old Mataram
kingdom and Muslim Mataram kingdom exposed at study area (Mulyaningsih, 2006).

erosions buried the buildings. Those
materials were the volcanic debris from
part of Merapi crater that collapsed to
the east-south-southwest during a big
eruption. Most of the stones are
cracked
with
undulated
piling,
presumably
by
earthquakes.
Pyroclastic density currents of 2010’s
Merapi eruption evidently also reached
this area. The second site is Kedulan
Temple, located on medial facies of the
volcano, 22 km from the crater to the

south. The whole buildings were
buried by pyroclastic surges, lahars,
and muds. The base of the buildings,
Perwara, the Yoni’s and the Nandi’s
holders were bumped. The pyroclastic
density currents were known from
1445±40 yBP (5-6th century). The
volcanic materials and earthquakes
surged
the
temples’
buildings,
disorganized them, then buried them.
The third temple is Kadisoko Temple,
20 km from Merapi that is totally
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buried by 4 sequences of volcanic
eruptions (Table 1). There was stem of
680±100 yBP (1285-1390 AD) within
the deposits of pyroclastic that aged
from 1170±100 yBP (780-870 AD).
Next to mention is Plaosan Temple
which located 2km to the east and
similar in size with the well conserved

Mulyaningsih et al. (2006) reported
that based on volcano-stratigraphy
analysis, there were known periods of
Merapi volcano activities that took
place in 1-3 centuries, 5-10 centuries,
12-15 centuries, and 16-17 centuries.
Particularly to the activities that took
place in 12-15th centuries, the
intensity was increased, exhibited by

Figure 3. A. The buried Gampingan Temple 32 km from the Merapi’s summit, B. The
bumpy base of Plaosan Temple (24 km from the summit); C. Kadisoko Temple that
buried by 4 sequences volcanic deposits, 20 km from the summit; and D. Kedulan
Temple (19-20 km from the summit) before reconstruction.

Jonggrangan (Prambanan) Temple.
The fence of Plaosan was buried by 57 meters thick volcanic ash materials,
consisting of lahars and ash. Within
the materials are ceramic fragments,
statues, and broken stupas with
1070±80 yBP paleosol age below them.
There are many more old temples and
buildings which are in a similar
condition with the said temples.

the collapsing temples caused by
volcanic eruptions and earthquakes.
During the period, Mulyaningsih
(2006) identified 3-5 sequences of
volcanic deposits consisting of dense
pyroclastic currents and lahar and at
least 12 times of earthquakes which
triggered disasters.
Despite the disaster it caused, volcanic
eruptions supported people’s culture
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development. The 1445±50 yBP of
pyroclastic deposits; the 1175±50 yBP,
1070±45 yBP, and 740±50 yBP of
pyroclastic deposits and lahars; and
370±50 yBP of pyroclastic deposits,
ashes, muds, and lahars; and the
bumpy old buildings are geo-cultural
heritages that should be conserved for
their importance in education of
disaster
management,
geology,
volcanology, history and culture
(Permadi et al., 2014).
Mulyaningsih (2005, 2006) mentioned
that temples were built before 200 AD,
before 600 AD, many before 882 AD to
before 1252-1285 AD. Based on the
study, the temples were collapsing in
different time and mechanism (Figure
3). Most of the temples’ floor were
cracked and bumpy, in evidence of
repeatedly earthquake shaking to the
buildings.
At times, the temples might have not
collapsed completely but abandoned
when people changed their religion and
way of life. After the coming of Islam in
15th century, the temples were no
longer
place
of
worship
nor
maintained. As they were abandoned
and hit by volcanic eruptions and
earthquakes, there were no community
efforts to repair and rebuild them.
Eventually, the old temples were
damaged, collapsed and buried.
Referring to study research on
Borobudur Paleo-Lake to the west of
Merapi near Borobudur Temple, the
shallowing of Lake Borobudur was
caused by tectonic activity which
resulted in rifting and faulting and
triggered landslides that buried the
abandoned
majestic
temple.
(Murwanto et al., 2013).

CONCLUSION
Merapi is an active volcano with
pyroclastic density currents, hot
avalanche of ashes, muds, and lahars
that frequently threat the plain of
Yogyakarta and its people. On the
other hand, volcanic deposits bring
fertility to agricultural people and the
volcano added grandeur to the city. As
a living tradition, Yogyakarta Palace
and its surrounding settlements lay at
the golden corridor between Merapi
Volcano as the source of prosperity,
the ocean as its wealth and power, and
the mountain range as its influence.
Tectonism in the forms of earthquakes
and tsunami from the southern sea
has added a long line of geological
disasters to Yogyakarta area that
shaped and matured the socio-cultural
life of its people. The local wisdom by
completely lay their fate and destiny to
the Almighty grows in the essence of
the imaginary line of Merapi, the city of
Yogyakarta and the southern Sea. It is
the basic concept to develop and
conserve geo-cultural heritages around
Merapi Geoparks and for further
education of disaster management,
geology, volcanology, history and
culture of the area.
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ABSTRACT
The Kambaniru River valley near the city of Waingapu preserves a thick succession
of coarse-grained fluvial-deltaic sediment deposited during the Late Pleistocene. This
succession incises through a thick uplifted coral reef terrace succession and records
intervals of highly episodic flow events during the last glacial interval. The occurrence
of intraclastic, coarse sand/gravel matrix olistostromes in several areas attests to
the occasionally catastrophic nature of flow in the ancestral Kambaniru River. Small
to moderate-sized coral-rich reefs and laterally restricted reef terraces occur on deltafront conglomerate successions at multiple horizons through the study interval.
These reefs record both intervals of low flow as well as periodic river-mouth avulsion
episodes. Comparison of radiometric dates obtained from pelecypod and coral
material from both deltaic successions and laterally adjacent coral reef terrace
intervals indicates that uplift/subsidence history of the terraces differs from that of
the valley and that correlation between the two should be taken with care.
Keywords: Kambaniru River, catastrophic river flow, Late Pleistocene, Sumba
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INTRODUCTION
The Kambaniru River system drains a
lot of the eastern portion of the island
of Sumba in East Nusa Tenggara,
Indonesia and has done so since at
least the mid-Pleistocene. Sourced in
mixed igneous and sedimentary strata
of the Matawai La Pawu highlands in
the southern part of the island, the
Kambaniru delivers a large volume of
siliciclastic
sediment
to
the
northeastern,
carbonate-dominated
coast of the island. The Kambaniru
mouth debouches into an embayment
on the margin of the Savu Sea where it
forms a seasonally alternating riverdominated and wave-influenced deltaic
complex. Fringing coral reefs with
narrow intertidal to shallow subtidal
backreef zones occur both to the east
and west, closely adjacent to the river

mouth. Coarse sediment is delivered to
the river mouth/delta front region only
during
sporadic
high-intensity
monsoonal-driven flow intervals.
The Kambaniru River system incises
through
a
thick
(~474 meter)
succession of carbonate reef terraces,
which are well-developed and readily
differentiated on Tanjung Laundi to the
west and, to a lesser extent, on
Tanjung Watuata to the east of the
Kambaniru valley (Figure 1). Seven
main terrace intervals have been
identified on Tanjung Laundi, from
Terrace 0 at present-day sea-level to
Terrace interval VI located ~475m
above sea-level at Palindi Lamajangga
(Figure 1). These terraces preserve
pristine coral fossils and have been
dated using a variety of techniques
including Th/U and ESR dating, and

Figure 1. a) Map of Indonesia showing the location of Sumba in the extreme south. b)
Map of Sumba showing the location of the Kambaniru watershed (cross-hatched area
outlined in red and black) and the location of inset maps C and D. c) The Tanjung Laundi
area, which has been the focus of several coral terrace uplift studies referenced herein
(after Pirazzoli et al., 1993). d) Schematic geological map showing correlation of coral reef
terrace levels across the Kambaniru valley and the region of non-deposition surrounding
the Kambaniru River (based on Fortuin, unpublished data).
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Figure 2. Simplified geological map of Sumba showing the location of the Kambaniru
River watershed (blue dendritic lines) and the location of the Marine Isotope Stage (MIS)
eleven coral reef terrace (shown in neon green). This terrace provides a datum with
which to assess relative uplift along the northern coast of Sumba. At base is a cross
section showing the elevation of the MIS 11 coral reef terrace in northern Sumba. Note
that there is an area of non-deposition or erosion of the MIS 11 coral reef terrace in the
vicinity of the Kambaniru River valley. Basic geological map from Abdullah et al., 2000.
Structural data (shown in red) from Fortuin et al., 1997; Rigg and Hall, 2011. Coral
terrace location and elevation profile from Nexer et al., 2015 using data from Pirazzoli et
al., 1991; 1993.

correlation with global marine isotope
stages (Pirazzoli et al., 1991; 1993;
Bard et al., 1996; Nexer et al., 2015).
Lateral continuity of terrace intervals
has allowed for correlation and
extrapolation of uplift rates along the
entire northern coast of Sumba (Figure
2; Nexer et al., 2015). Of note, the
regional terraces are not identified in
the Kambaniru valley due to local non-

deposition or erosional removal of coral
terraces (Figures 1 and 2).
In the Waingapu area and the hill
country surrounding the Kambaniru
lowlands outcrop successions are
dominated
by
siliciclastic/
volcaniclastic sediment consisting of
medium- to coarse-grained sandstone,
pebble and boulder conglomerate and
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sand/gravel matrix olistostrome units
(Figure 3). These siliciclastic units
incise through laterally adjacent coral
reef
terrace
units
but
also
interstratified with variably extensive
coral-rich
bioclastic
limestone
horizons. Siliciclastic units record
deposition of the ancestral Kambaniru
River system whereas the coral-prone
limestone
intervals
record
reef
development during intervals of either
low sediment delivery or delta-front
avulsion. This study focusses on the
Kambaniru
mixed
siliciclasticcarbonate succession and seeks to
establish the relationship between
Kambaniru-valley
sediments
and
laterally adjacent coral reef terrace
successions
and
elucidate
the
relationship
between
episodic
sediment delivery, fluvially-derived
turbidity, and development of low to
moderate diversity coral reefs in the
ancestral Kambaniru River delta.

METHODOLOGY
This study involved description of
outcrop successions that occur in
quarries, roadcuts and cliff walls in the
vicinity
of
Waingapu
and
the
surrounding hill country. A total of
fifty-one
outcrop
localities
were
described, with between one and nine
sections measured at each outcrop
section. Outcrop descriptions focused
on lithological content, physical and
biogenic sedimentary structures, and
fossil content. Each outcrop section
was thoroughly photographed with a
Canon EOS 5D Mark III full-frame
22.3-megapixel
DSLR.
Outcrop
panoramas were created using Adobe
Photoshop -automate- photo-merge

option. Lithological samples were
obtained from all outcrop sections for
thin-section, geochemical and grainsize analyses. Selected samples of
shells and corals were submitted for
14C and U-Th dating.

GEOLOGICAL SETTING
The modern Kambaniru River is a
short (118 km long) river with a high
gradient and steep-sided profile. Its
catchment is the largest on the island
of Sumba (1227 km2). The Kambaniru
drainage basin extends from a high of
1225 metres at its source on Mount
Wanggameti to sea level at its mouth in
Kambaniru Bay on the Sawu Sea.
Despite its short length, Kambaniru
rainfall is highly variable along its
length. Rainfall in the interior
headwaters area (hill country around
Laiwangi Wanggameti National Park) is
seasonal, with ~2000-2400 mm falling
primarily during the regional monsoon
between November and April (Hobjen
et al., 2014). In contrast, the lowlands
near the Kambaniru delta receive only
800-860 mm (primarily between
December and March). Thus, flow in
the modern Kambaniru is highly
episodic and most coarse sediment
transport (coarse sand to boulders)
occurs during monsoonal-driven wet
intervals. Evidence suggests that the
ancestral Kambaniru River was also
highly episodic.
The island of Sumba occurs at the
junction between the Eurasian and
Indian-Australian plates (Hall, 2002).
It occurs in a tectonically complex and
active setting between the Java Trench
oceanic subduction zone and the Timor
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Figure 3. Think olistostrome unit, Okalara Quarry, east of Waingapu. This olistostrome,
measured at 7.5 to 9 meters in thickness, and incorporates large siltstone to very fine
sandstone olistoliths in random orientation floating in a coarse-grained sandstone to
pebble matrix.

Trench / Australian arc collision zone
(Hall, 2002; Rigg and Hall, 2011; Nexer
et al., 2015). It first emerged in the
Early Pliocene (Fortuin et al., 1994;
1997; Rigg and Hall, 2011) and has
experienced significant uplift through
the Pliocene, Pleistocene, and Holocene
(Fortuin et al., 1997; 1999; Pirazzoli et
al., 1993; Bard et al., 1995; Nexer et
al., 2015). Northern Sumba has
experienced significant uplift since the
Pliocene with particularly pronounced
uplift in the Tanjung Laundi and
Tanjung Watuata areas (Figure 1;
Pirazzoli et al., 1991; 1993; Nexer et
al., 2015).
Previous studies have shown that
these terraces were uplifted over the
past ~1,000,000 years and provide an
approximately continuous record of
reef development in northeastern
Sumba during the late Pleistocene and
Holocene (Pirazzoli et al., 1991; 1993;
Bard et al., 1996; Nexer et al., 2015).
Uplift rates are not equivalent across
the island of Sumba, with the most

pronounced uplift occurring on the
western tip of the island near Tanjung
Karoso and in northeastern Sumba in
the vicinity of Tanjung Laundi and
Tanjung Watuata (Figure 2). These
latter two capes occur on the
immediate east and west of Waingapu
Bay. The regional MIS 11 coral reef
terrace cannot be identified in the
vicinity of the Kambaniru valley due
either to non-deposition or erosional
removal of the reef terrace in this area.
It is also worth noting that the main
trend of the northern portion of the
lower Kambaniru valley and the axis of
Waingapu Bay appear to follow a fault
complex that was active through the
Pliocene (Fortuin et al., 1997; Rigg and
Hall, 2011).

DISCUSSION AND CONCLUSION
Sediments deposited in the PalaeoKambaniru delta consist of medium to
very coarse-grained volcanogenic sand,
gravel, cobbles, and boulders. Even in
the upstream portion of the study area,
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the occurrence of features such as
bored limestone pebbles, bioclasts
(particularly bivalves and some corals),
oyster and barnacle encrusted pebbles
and trace fossil assemblages that
include Ophiomorpha (excavated by
callianassid
shrimp),
Schaubcylindrichnus (dwelling traces
of suspension- feeding polychaetes)
and Psilonichnus (the dwelling traces of
crabs) attest to marine incursions that
penetrated deep up the Kambaniru
valley.
Evidence indicates that the Pleistocene
Kambaniru
River
system
was
subjected to intervals of stronger and
weaker seasonal flow. At several
outcrop
successions
olistostrome
units, consisting of multi-decimetre to
metre-scale angular clasts in a coarse
sand to conglomerate matrix, occur
interstratified with cross-stratified
conglomerate
beds
(Figure
3).
Olistostrome clasts are typically

composed of heterolithic, interbedded,
commonly bioturbated sandstone and
siltstone.
The
occurrence
of
olistostromes in a fluvial-deltaic
succession is indicative of catastrophic
flood events. 14C dating of shell
material that brackets these beds show
that these catastrophic event beds are
particularly abundant between 36,000
and 33,000 years ago.
Clastic sediment units commonly
occur interstratified with sandy/
gravelly
bioclastic
grainstone/
rudstone beds characterized by corals,
bivalves, and gastropods (Figure 4).
Although some of these bioclastic
rudstone beds are quite small
(decimetres thick and 1 to 4 meters
wide), in several areas (such as the
Mauliru-Pamitimahu Ridge and the
Jehari-Kambaniru Peninsula; south
and north of the Kambaniru River
mouth respectively) thick (4 to 9 m),
kilometer-scale, tabular to mounded,

Figure 4. Small patch reef on a distributary-mouth channel fill, West Hambala,
Waingapu. Lithofacies 1 is fine-grained, locally bioturbated sandstone; lithofacies two is
Lithofacies bioclastic sandstone; lithofacies #3 is coarse sand matrix, polymodal,
polymictic cobble conglomerate; lithofacies #4 is sandy, pebbly, coralliferous bioclastic
limestone; lithofacies #5 is a gravel-rich fine-grained sandstone.
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coralliferous rudstone / framestone
units characterized by moderate to
high diversity coral and pelecypod
communities occur on the upper
surface of carbonate-rich conglomerate
beds.
14C

dating of shell material in ancestral
Kambaniru deposits throughout the
greater Kambaniru valley system
reveals a complex scenario of local
uplift and subsidence that differs
substantively
from
regional,
consistent, coral terrace uplift lateral
to (west and east of) the study area.
Further work is needed, but our
working hypothesis is that the
Kambaniru-parallel
Pliocene
fault
complex
identified
by
previous
researchers (Fortuin et al., 1997; Riggs
and Hall, 2011) remained active
throughout the
Pleistocene
and
Holocene evolution of the Kambaniru
fluvial-deltaic system.
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Abstract

Geological stories from the journey of mollusks
fossils in Java
Aswan
Geology Department, Institut Teknologi Bandung (ITB),
Jl. Ganesha 10 Bandung, Indonesia (40132); email: aswan_gl@gl.itb.ac.id , +62-85314001580

ABSTRACT
The journey began in the Eocene with the presence of mollusk fossil in the Nanggulan
Formation (near Yogyakarta) in Central Java. Many experts believe this was the early
part of the Tethys system which might still be connected to the Tethys system in
Europe.
The oldest mollusk fossils type locality after Nanggulan is the Early Miocene
Jonggrangan Formation in Kulon Progo near the city of Yogyakarta, which is
dominated by the gastropod Haustator specimen. Molluscan paleontological studies
of this type of locality reflect a restricted environment with less influence of the
Tethyan system. Haustator are considered as the ancestor of the Turritellidae group,
which is found mostly on Java Island, during the younger Tertiary to Quaternary
Periods.
The story continued to the Middle Miocene where the Tethyan realms indication was
clearly observed by the presence of some typical Tethys species such as Volema and
Babylonia from Nyalindung Formation, West Java. The regional sea level rise in this
epoch (around 12 Ma) that was indicated by the presence of Vicarya as an index
fossil, which occurrence was due to land submerging to become mangroves area. The
fossil then quickly become extinct when the sea level dropped back.
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Late Miocene to Pliocene was like the transition period from the Tethyan realm to the
Pacific realm, where the Tethyan fauna was no longer present. Only evolutional
traces of the Middle Miocene mollusk fossils were observed. This continuous
evolution is most clearly seen in Turritella cramatensis (late Miocene), Turritella
acuticarinata (early Pliocene) and Turritella cikumpaiensis (late Pliocene) which was
interpreted to have originated from Turritella angulata as their ancestors.
Earth cooling environment that happened in the late Pliocene/early Pleistocene has
led the diversity and evolution of a new group of mollusks, most clearly observed
from the abundance of Turritella bantamensis in the Bojong Formation, Banten. The
new Turritella group has a curved whorl that different from its predecessor with an
angled whorl shape.
Plio-Pleistocene tectonics event has ended the period of Java marine mollusks
domination, then only freshwater mollusk fossils can be found in almost all
Quaternary mollusks-bearing deposits.

Keywords: mollusks, fossil, Tertiary, Quaternary, evolution
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Abstract

Dinoflagellate biostratigraphy of Eastern
Indonesia stratigraphy: key of petroleum
exploration success
Herman Darman
Indogeo Social Enterprise, currently with Petronas, Kuala Lumpur, Malaysia

ABSTRACT
Several major discoveries in the eastern part of Indonesia (e.g. Tangguh and Abadi)
have increased more petroleum exploration interest in the area. These sizeable
discoveries encountered gas in the Jurassic sandstone, which is a key reservoir
target in the Northwest Shelf of Australia. The Mesozoic sandstone provenance is
located in the Australian Continental Plate or also known as the Sahul Shelf.
Thousands of wells were drilled in the Sahul Shelf and the stratigraphy in this area
is well understood. The extension of the Mesozoic sandstone towards Indonesian
territory, with much less well information, is one of the keys of success for petroleum
exploration. Refinement of the stratigraphy of the eastern part of Indonesia is crucial
to understand the extension.
To refine the stratigraphy of Eastern Indonesia, especially for the Mesozoic interval,
dinoflagellates play a significant role. Several types of this marine biota have been
used by Australian stratigraphers as markers. In the case where stratigraphic tie to
Northwest Shelf Australia discoveries, key wells or standard chronostratigraphy,
dinoflagellate understanding is critical.
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Dinoflagellate markers are used to mark several subdivisions of Plover Sandstone.
Norvick (2001) used W. indotata and D. caddaensis Maximum Flooding Surfaces to
subdivide the reservoir target into upper, middle and lower Plover Formation. These
surfaces are named after dinoflagellates. More markers were identified to mark the
source rock and seal in the petroleum system. To have a detail correlation from
Indonesia to the NW Shelf, understanding of dinoflagellates is crucial.
Keywords: dinoflagellate, eastern Indonesia, Australia Northwest Shelf, Sahul Shelf
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Abstract

Microfossil as proxy for paleoclimate and
paleoceanography
Khoiril Anwar Maryunani
Geology Department, Institut Teknologi Bandung (ITB),
Jl. Ganesha 10 Bandung, Indonesia (40132); email: anwar@gl.itb.ac.id

ABSTRACT
Recent global warming has been addressed due to human activity that causes
increased greenhouse gases. However, there are inherent uncertainties in the
statement, one of them is the level of natural variability inherent in the climate
system. Climate data from measuring instruments are not long enough to evaluate
climate variability and current climate evolution. Therefore, we need climate data
that has a long back span. To get adequate past climate data, we need natural
phenomena which are climate dependent. This natural phenomenon provides a
proxy record of the climate. This study of proxy data is the foundation of
paleoclimatology
and
paleoceanography.
Microfossils
(i.e.,
foraminifera,
palynomorphs, nannofossils) which in geology are used as a standard tool in
biostratigraphy for both age determination and paleoenvironment and correlation,
can also be used as a proxy for obtaining paleoclimate and paleoceanography data.
Using microfossil as a proxy to study past climate and paleoceanography, we need
an understanding of the type of proxy data available and methods used in their
analysis.
In addition to the dating method (biostratigraphy), there are many climate and
oceanography parameters that can be obtained from microfossil proxies such as: sea
surface temperature (SST), sea surface salinity, (SST) climate (warm, cold, dry, wet),
precipitation, productivity, oxygen content and organic carbon level, deep sea current
and ventilation/upwelling, thermocline and mixed layer, variability deep water
properties, CCD, bathymetry, sea level change and dissolution.
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The methods to obtain data fall into some categories e.g., faunal/floral displacement,
morphology changes, transfer function/modern analog and isotopic content. Another
method that can be used is observing microfossil assemblages and link them to
ecological changes associated with climate change and its paleoceanography.
A paleoclimate and paleoceanography study using microfossil proxies has been
conducted in the Cendrawasih bay, Papua, Indonesia. The study shows that climate
in the tropical west Pacific margin (Cendrawasih bay) during Late Pleistocene to
Holocene shows high variability. There are nineteen climate changes occurred during
Holocene. Early Holocene dated as ca. 11,800-year BP marked by rapid warming
with SST differences to last glacial is about 4°C. Early to Middle Holocene (ca. 5960year BP) marked by increasing temperature up to 2°C, interrupted by cooling at ca.
11230-, 8310- and 7120-years BP. At Middle Holocene temperature decreased
rapidly and reached its peak at around ca. 3150-year BP. After cooling at ca. 3150year BP, temperature increased and then decreased with its peak at ca. 1710-year
BP. Since ca. 1710-year BP to Recent, temperature shows warming trend. SST from
MAT shows warming environment to almost 1.5°C. The warming trend was
interrupted by rapid cooling and warming at ca. 300-year BP. This last warming
trend indicates that global warming had started before industrial era and rapid
cooling, or warming can occur without anthropogenic gases influence. The typical
Holocene climate of warm-wet, dry-cold reverse and become warm-dry, cold-wet
during ca. 790-370-year BP and then reversed back to preceding state.
Semi-restricted basin occurred since last glacial with anaerobic condition and
estuarine circulation system. Warming during interstadial 1e-1a, causing reverse
water circulation and basin become sub-aerobic with anti-estuarine circulation. A
lot of terrestrial organic matter flow to the bay and increase acidity and carbonate
dissolution. High sedimentation found occurred during glacial period especially at
the end of glacial period. Rapid warming during late glacial to middle Holocene, rising
relative sea level and the bay become more open marine with well oxygenated bottom
water and high marine productivity. Warm temperature and deeper thermocline
depth (>~ 250 m) in west Pacific occurred up to ca. 5960-year BP. Decreasing Sea
surface temperature at ca. 5960-year BP and drop of relative sea level causing subaerobic condition inside bay. The semi-restricted state with sub-aerobic condition
occurred up to Recent.
Distribution of Sphaeroidinella group in the tropical west Pacific shows strong
correlation with thermocline depth and reflect El Niño frequency event. Early middle
Holocene dominated by La Niña-like condition and since Middle Holocene (ca. 5960year BP) frequent El Niño event began to occur.

Keywords: microfossil, proxy, paleoclimate, paleoceanography,
palynology, Cendrawasih Bay, Holocene climate.
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Isotopic reconstruction of Proboscidean habitats
and diets on enigmatic island of Sulawesi
Mika R. Puspaningrum 1,2 , Allan R. Chivas 2,3 , Iwan Kurniawan 4 , Unggul P.
Wibowo 4 , Yahdi Zaim 1 , and Gerrit D. van den Bergh 2
1

Paleontology and Quaternary Geology Research Group, Bandung Institute of Technology,
Indonesia
2
School of Earth, Atmospheric & Life Sciences, University of Wollongong, Australia
3
Department of Earth Sciences and Sprigg Geobiology Centre, The University of Adelaide,
Australia
4
Geological Museum Bandung, Badan Geologi, Indonesia

ABSTRACT
Sulawesi is known for its complex geological and biogeographic history, which is
reflected in their extinct and extant faunal assemblage. Evidence of oldest terrestrial
fauna in Sulawesi was found in the Early Pleistocene sediment and evolved since
then. Despite being mostly isolated from the mainland Southeast Asia; four
successive Proboscidean taxa have been found from the southern part of the island.
The four taxa are: Stegoloxodon celebensis, Stegodon sompoensis, Stegodon sp. B,
and cf. Palaeoloxodon namadicus, in which respective taxa are included in successive
faunal stages. The aim of this research is to reconstruct the diet and
paleoenvironment of these Proboscidean taxa by incorporating stable isotope
analysis with the fossil faunal record, geology, and stratigraphy. Stable carbon (δ13C)
and oxygen (δ18O) isotope analysis were especially used in this study. Our result
suggests that Stegoloxodon celebensis and Stegodon sompoensis were flexible feeders
and were able to adapt to different niches, from closed canopy forest to open
vegetation, while the diets of Stegodon sp. B, Celebochoerus heekereni and cf.
Palaeoloxodon namadicus suggest that they were more specialized.
Keywords: Proboscidean,
analysis.

Sulawesi, Pleistocene biogeography, stable isotope
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Abstract

Fossil-bearing Citalang Formation, SumedangMajalengka, West Java
Yan Rizal
Geology Department, Institut Teknologi Bandung (ITB),
Jl. Ganesha 10 Bandung, Indonesia (40132)

ABSTRACT
The Citalang Formation in Sumedang-Majalengka area comprises of various
lithological units, including coarse-grained sandstones to conglomerates, greenish
grey to dark grey claystone with sandstone and tuff interbeds, and pumice-bearing
tuffaceous sandstones and tuff. All these units occur in the lower part of the
formation and the contacts with older, underlying rock units are unconformable in
several places.
Vertebrate fossil fragments are frequently found in the lowermost part of the
formation, especially within the coarse-grained sandstones to conglomerates unit.
This unit also holds stone tools artefacts, which were made from different kind of
stones and show quite simple or primitive shape. The age of Citalang Formation is
not yet resolved and still needs to be researched. Some published literatures suggest
Pleistocene while there are others that suggest Pliocene.
Keywords: Citalang
Pleistocene, Pliocene

Formation,
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Abstract

From Patagonia to Indonesia: plant fossils
highlight West Gondwanan legacy in the
Malesian flora
Peter Wilf
Department of Geosciences, Pennsylvania State University,
University Park, Pennsylvania 16802 USA; email: pwilf@psu.edu

ABSTRACT
Rainforests with the chinquapin Castanopsis and the yellowwood conifer
Dacrycarpus occur today throughout Indonesia and the larger Malesian ecoregion,
but they represent, in part, a history of survival stretching tens of millions of years
and thousands of kilometers to the paleo-Antarctic. Unlike New World and African
tropical rainforests, the Malesian flora’s history is closely tied to tectonic
introductions from exotic terranes, and thus, much paleobotanical data about the
origins of the Malesian rainforest comes from those terranes. For example, South
America, Antarctica, and Australia remained adjacent until the Eocene final
separation of Gondwana, and warm climates promoted high-latitude dispersals
among those landmasses. Australia’s subsequent northward movement led to the
late Oligocene Sahul-Sunda collision and the uplift of New Guinea, allowing the
introductions into Malesia of survivor taxa that were once widespread in mesic
Gondwanan rainforests. In Patagonian Argentina, the prolific Laguna del Hunco
(52.2 Ma) site preserves abundant and well-preserved fossils of an unexpectedly large
number of lineages whose living relatives characteristically associate in perhumid,
lower montane “oak-laurel” rainforests of Malesia, especially in New Guinea.
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These taxa include the angiosperms Castanopsis (Fagaceae), Gymnostoma (rhu,
Casuarinaceae), Alatonucula (extinct engelhardioid Juglandaceae), Eucalyptus
(gums, Myrtaceae), Ceratopetalum (coachwood, Cunoniaceae), Lauraceae (laurel
family), and Ripogonum (supplejack, Ripogonaceae); conifers in Cupressaceae
(cypress family: Papuacedrus), Araucariaceae (dammars and relatives: Agathis and
Araucaria Section Eutacta), and Podocarpaceae (yellowwoods: Dacrycarpus,
Podocarpus, and a species similar to Phyllocladus); and the fern Todea (king fern,
Osmundaceae). Many of these records are the only occurrences of the respective taxa
in South America, living or fossil, vastly extending their past ranges and thus the
biogeographic history of part of the Malesian mountain flora. The living-fossil taxa
inhabit, and several dominate, critical watershed areas of high endemism and
biodiversity in Malesia’s endangered tropical-montane rainforests. In Malesia itself,
there have been very few Cenozoic paleobotanical investigations for about a century
or more. To remedy this situation and improve understanding of the evolution of the
Malesian flora in situ, we have begun paleobotanical fieldwork in collaboration with
Professor Yahdi Zaim and ITB, along with international colleagues. So far, we have
discovered several promising new fossil sites in the Eocene-Oligocene of West
Sumatra (Sangkarewang and Sawahlunto formations) and South Kalimantan
(Tanjung Formation), and I will report preliminary observations.

Keywords: Malesia,
paleobotany
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