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Cover Photograph: 

Good illustration of advanced Tansinhokella  

from Letter Stage Te4 with reticulate divisions 

of the lateral chamberlets, but the views of axial 

sections shows these are within recognisable 

alar prologations roughly one layer of lateral 

chamberlets per whorl – Rajamandala, West 

Java. 

Photo courtesy of Peter Lunt and Willem 

Renema. 
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Dear readers, 

 

We're very happy to present you 

another Berita Sedimentologi 
publication. This volume covers 

topics on Cenozoic 

biostratigraphy and is a 

continuation from the first part 

published in Berita Sedimentologi 

No. 29 (April 2014). As you 
probably have known, we dedicate 

all our 2014 Berita Sedimentologi 

publications to focus on the 

Biostratigraphy of SE Asia and 

the next volume (Number 31, to 

be published in November) will 
cover Mesozoic and Paleozoic 

paleontology.  Biostratigraphy 

and paleontology of the SE Asia 

region deserves more attention 

because of their important role in 

building geological history and 
helping explorers finding 

economically valuable resources.  

 

On this occasion we would like to 

appreciate Dr. J.T. van Gorsel for 

his significant contribution as the 
Special Chief Editor of our 

Biostratigraphy of SE Asia series. 

We hope that you will enjoy 

reading all the articles in this 

volume and remember, there are 

more to be discovered through 
properly recognising and 

identifying our fossils! 
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Minarwan 

Deputy Chief Editor
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About FOSI 

he forum was founded in 
1995 as the Indonesian 

Sedimentologists Forum 

(FOSI). This organization is a 

commu-nication 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). 

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 2 
international conferences in 1999 

and 2001, attended by more than 

150 inter-national participants. 

 

Most of FOSI administrative work 
will be handled by the editorial 

team. IAGI office in Jakarta will 
help if necessary.  

 

 

 

 

 

The official website of FOSI is:   

http://www.iagi.or.id/fosi/ 

 

 

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.  

 

  

T 

FOSI Membership 

 

FOSI Group Member 
as of AUGUST 2014 

http://www.iagi.or.id/fosi/
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INTRODUCTION TO VOLUME 
 
Minarwan (Deputy Chief Editor) 

 

 
Berita Sedimentologi’s special publication in 2014 continues with the 2nd part of Biostratigraphy of SE Asia 
series as presented in this volume. The first part, which consists of various papers on Cenozoic biostratigraphy 
and paleontology, was published in April this year (Berita Sedimentologi No. 29). Biostratigraphy of SE Asia 

– Part 2 still maintains the same topic and this publication project is led by Dr. J.T. van Gorsel as the Special 

Chief Editor of the series.  
 
This volume contains four research articles, a literature review on Cenozoic macrofossils of Indonesia and a 
short article on micropaleontology education in various Indonesian universities. The research articles includes a 
review on the evolutionary series of Heterostegina through Tansinhokella to Spiroclypeus in SE Asia, a report 
on the spatial and temporal relationships between Late Miocene Halang and Pemali Formations in Central Java 
based on a calcareous nannofossil study, a revision of the biostratigraphy and strontium isotope dating of 

Oligocene-Miocene outcrops in East Java, and a report of fossil teeth from West Timor. 
  
The two volumes on Cenozoic biostratigraphy (BS 29 & 30) should help communicate some of the latest 
knowledge and most current research on biostratigraphy/paleontology in SE Asia. However, there are more 
findings that are not yet published due to strategic and confidentiality reasons. With more hydrocarbon 
exploration wells being drilled in various under-explored Cenozoic basins in the region and more research being 
conducted, one expects that new information should change our understanding of SE Asia basin evolution and 
paleogeography in the future. Biostratigraphy is definitely still important and has a significant role to play, 
especially in supporting hydrocarbon exploration.  
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On the Heterostegina– Tansinhokella– Spiroclypeus 

lineage(s) in SE Asia 
 
Peter Luntˡ and Willem Renema² 

ˡMitra Energy, Kuala Lumpur, Malaysia 

²Naturalis Biodiversity Center, Leiden, the Netherlands 

 

 

 

 
ABSTRACT 

 
The evolutionary series from Heterostegina (Vlerkina), through Tansinhokella to Spiroclypeus is 
reviewed. Both previously unpublished work (Muhar, 1956) and new field data is used to support 

the hypothesis that this evolutionary development can be observed twice in the fossil record. The 
first lineage became extinct at the Oligocene- Eocene boundary, and then the same morphologies 
re-appeared in the middle and later Oligocene. Both the negative evidence (absence) of Early 
Oligocene [Tc / Td Letter Stage] records, and the positive evidence of a gradual evolutionary 
series in Oligocene times, are discussed. At the moment there is no reliable way to distinguish the 
Late Eocene and later Oligocene tests, so the same generic name has to be applied to each 
occurrence, even though they are separated in time. This leads to the unusual situation that all 
three genera have to be reported as having two evolution and two extinction datums.  
 
The later Oligocene transition of Tansinhokella into Spiroclypeus is observed to be more gradual 
than the morphological criteria used to separate these genera in 1991 (Banner and Hodgkinson), 
but the two names are retained for end members of a gradual series with a distinct stratigraphic 
record. 
 

The hypothesis of iterative evolution was based on work in Java, and it was predicted that the 
other areas in Asia would preserve the same evolutionary pattern in the stratigraphic record. This 
work shows that the second evolutionary development of Tansinhokella and Spiroclypeus was at 
the same time in three geographically separate areas, the most reasonable explanation for which 
is iterative evolution, rather than ecophenotypic fluctuations or faunal migrations. 
 
The importance of Tansinhokella in the biostratigraphic subdivision of Letter Stage Te is 
highlighted. 

 
 

 

INTRODUCTION 
 
The genus Spiroclypeus is an important 

biostratigraphic index fossil for mid-Oligocene to 

basal Miocene carbonates in the Indo-Pacific area. It 

was one of the two index taxa used to define the 

Letter Stage Tertiary “e” (Te) in the first proposal of 

the East Indies Letter Stages by van der Vlerk and 

Umbgrove (1927). Since the review of Krijnen in 
1931 five main "species" have been recognised in the 

Indo-Pacific area, which have been used in the 

reports of the Indonesian Geological Survey and later 

workers. However all Krijnen’s species, with the 

exception of the morphologically most distinct 
Spiroclypeus orbitoideus, occur throughout almost 

the whole of the Te Letter Stage, and it is suspected 

these “species” may be ecophenotypic variants. 
Spiroclypeus orbitoideus is the type species for the 

genus, and is unique in being defined on the 

microspheric generation. It occurs only in the 

youngest part of the Te Letter Stage, from latest 

Oligocene to basal Miocene. 

 

In 1937 Tan Sin Hok described a new species, 
Spiroclypeus vermicularis, which he considered a 

primitive spiroclypeid from the Late Eocene of 

Sungai Atan in Kalimantan (Figure 1). Since then 

publications have not been clear on the stratigraphic 

range of the group. The widely-cited works of Eames 

et al. (1962) and Adams (1970) noted the apparent 
absence of the group in Early Oligocene times (Letter 

Stages Tc and Td), but more recently Banner and 

Hodgkinson (1991) and BouDagher-Fadel (2008) 

gave the range of the lineage as continuous from 

Late Eocene to basal Miocene (Tb through Te). 
However, Less (2008) studied western Tethyan 
involute Heterostegina [=Vlerkina] and concluded 

that they became extinct near the end of the Eocene, 

apparently with no Oligocene successors. 
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In 1984 Adams reviewed Neogene Indo-Pacific larger 
foraminifera, including Spiroclypeus sensu lato He 

noted “Until relatively recently there were no known 
occurrences in rocks of Early Oligocene age, but 
Kaever (1970) reported Spiroclypeus sp. from the 

Lower Oligocene of Afghanistan, and Rasheed and 
Ramachandran (1978) have recorded S. ranjanae 

TEWARI from the Lower and Middle Oligocene of 

Cutch.” We have been unable find a copy of Kaever’s 

paper to verify this observation. Rasheed and 
Ramachandran’s paper is on samples from Quilon in 

southernmost India, not Kutch in the north west, 

and it does not mention or show in Plates any form 
related to Spiroclypeus or Tansinhokella, and all their 

samples contain the Miocene planktonic foraminifera 
Globigerinoides. Therefore Adams’ evidence for older 

Oligocene occurrences is currently without support. 

 

Banner and Hodgkinson (1991) erected a new genus 
that split the previous concept of Spiroclypeus into 

Spiroclypeus s.s. and a new taxon Tansinhokella. 

This new genus is the form intermediate between 
ancestral, involute Heterostegina (Vlerkina), with no 
lateral chamberlets, and Spiroclypeus s.s., with 

cubicula replacing lateral chamberlets. Lateral 

chamberlets are subdivisions of larger chambers 

where they overlap previous whorls (forming a lateral 

extension to the otherwise planiform test). Cubicula 

were defined as morphologically simple, perforate, 
calcite "cubicles", with no alignment recognisable as 

the remnant of a primary chamber. Banner and 

Hodgkinson suggested a single evolutionary series 
beginning in latest Eocene (Tb) when H. (Vlerkina) 

and then Tansinhokella evolved in a short period of 

time, followed in latest Eocene by Spiroclypeus 
granulosus BOUSSAC (a form defined in the type 

Priabonian; although their range chart mistakenly 
shows Spiroclypeus evolving at base Oligocene). All 

three genera are shown by them to range to basal 

Miocene times, although there is uncertainty in that 
paper about the highest occurrence of H. (Vlerkina). 

 

This report, and detailed observations by Muhar 
(1956), differs from Banner and Hodgkinson in that 

we, like van der Vlerk and Umbgrove (1927), Eames 

et al. (1962) and Adams (1970), do not have any 
records of Tansinhokella or Spiroclypeus in the Tc or 

Td Letter Stages, in a very large sample set. In 

addition to this negative evidence, new work in north 
east Java (Figure 2) has observed an evolutionary 
datum for Tansinhokella within Late Oligocene times.  

  

Figure 1. Location map of sites studied 
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We describe, in samples where both internal 

andexternal views of tests can be seen, a gradual 
morphological series from Heterostegina (Vlerkina) to 

Tansinhokella at about 27.5 Ma on SIS or slightly 

below the top of nannofossil zone NP24, or near top 
foraminiferal zones P21 [GTS04]. After this 
Spiroclypeus s.s. re-appeared in the stratigraphic 

record about 3 to 3.5 million years later, shortly 

before the end of the Oligocene (Figure 3).  

 

This data appears to demonstrate the iterative 
evolution of both Tansinhokella and Spiroclypeus 

s.s., in both cases producing tests that appear 
identical to the earlier Tansinhokella and 

Spiroclypeus forms, and by the rules of 

nomenclature have to be given the same names. A 

tentative specific difference is noted between Eocene 
T. vermicularis (TAN) 1937 and Tansinhokella of the 
Late Oligocene – and the type for this genus of T. 
yabei (VAN DER VLERK) 1925. However in most 

random thin sections of limestone the slight 

difference is not visible and it may be correct to leave 
all specimens in T. yabei until the specific 

differentiation is shown to be viable. 

 
The iterative evolution proposed inadvertently by 

Muhar (who did not know of the Eocene 

occurrences), and specifically by us, was tested by 
correlating the evolutionary datum of Tansinhokella, 

and of Spiroclypeus s.s., from NE Java to other 

locations. The hypothesis was that if these 

apparently evolutionary datums are seen at the same 
time over a wide area it would emphasise an 

evolutionary rather than ecophenotypic or migratory 

cause for the datum. Two areas are noted below to 

show the synchroneity of this effect, Melinau in 

Sarawak, and Rajamandala in West Java. 
This review therefore validates Muhar's unpublished 

subdivision of the Lower Te Letter Stage into three 
parts, with the second evolution of Tansinhokella 

defining the base of Te2-3. 

 

As yet there are no records of latest Eocene 
Spiroclypeus from S.E. Asia comparable to S. 
granulosus from Italy (however the type illustrations 

of S. granulosus apprea to have lateral chamberlets 

rather than cubicula and might be better placed in 
Tansinhokella, a subject requiring clarification). 

Across Java and probably Kalimantan, where the 

best studied sections are, there is a hiatus over the 
Eocene-Oligocene contact, in shallow marine 

settings. The Melinau Limestone section reviewed by 

Lunt (this volume), and a review of Adam’s original 

thin sections from the Melinau Gorge stored in the 
British Museum, failed to find Spiroclypeus even in 

the latest Tb Eocene preserved there. 
 

 

TAXONOMY AFTER THE WORK OF BANNER 

AND HODGKINSON 
 

Banner and Hodgkinson (1991) developed and 

completed ideas that were first suggested by Banner 

as part of the group of Eames et al. (1968), who 
proposed three subgenera within Heterostegina; the 

extant Heterostegina, and two extinct groups; 

Vlerkina in the mid-Oligocene and Vlerkinella in the 

Late Eocene. All three subgenera have approximately 

the same heterosteginid equatorial section, but in 
axial section Heterostegina (Vlerkina) is partly 

involute, with alar prolongations over the central 
part of the test, while Heterostegina (Vlerkinella) was 

considered completely involute, with long alar 
prolongations. Heterostegina (Heterostegina) was 

noted to be generally much less involute. In 1991 
these concepts were revised with Vlerkina and 

Vlerkinella being combined on the basis that they 

were unreliably distinguishable on morphological 
grounds, with the former name having priority. In 

this 1991 revision the flat, completely evolute types, 

which were not considered by Eames et al. in 1968 
but are usually called Heterostegina by other 

workers, were placed in the genus Planostegina. 

Heterostegina was left containing the H. (Vlerkina) 

group that was clearly involute throughout its life 
cycle and H. (Heterostegina) for types that were 

involute in the juvenile phase only (maturo-evolute). 
Heterostegina (Vlerkina) was cited as the ancestor of 

Tansinhokella, an evolutionary transition that saw 

the alar prolongations developed into lateral 
chambers by simple subdivision. In the ancestral H. 

(Vlerkina) the subdivision of the chambers by 

secondary septa stops at the outer limits of the test 

on the previous whorl (i.e. chamberlets are present, 

but they are not in a lateral position). The alar 

prolongations are undivided, except in specimens 

found at the transition to the evolutionary 
appearance of Tansinhokella (see Figure 12).  

 
The related late Eocene genus Grzybowskia, which is 

only found in the Far East at high latitudes, on 

Christmas Island (to the south in Eocene times)and 

Bonin [Ogasawara] Islands in the north (Lunt 2003, 
Matsumaru, 1996) is similar to H. (Vlerkina) but the 

primary chambers are not subdivided by orthogonal 
secondary septa, but more complex, arcuate 

polygons of new chamberlets. Figure 12 of Lunt 2003 

shows that these subdivisions do not extend into the 

alar prolongations and there is no evidence that 
Grzybowskia ever evolved into a morphology 

comparable to Tansinhokella. 

 

This report differs from the work of Banner and 

Hodgkinson who defined cubicula as partitions 

having lost any recognisable remnant of the primary 

chamber septum, and the presence of cubicula to be 
definitive of Spiroclypeus (Table 1). We observe that 

loss of primary septal traces occurs very soon after 

the onset of lateral chamberlet formation in the 
earliest Tansinhokella (compare Figures 12 and 13). 

However this does not undermine the use of 
Tansinhokella as a taxon, as discussed below. 

 

The current status of the taxonomy is not entirely 
satisfactory, with the same generic name(s) being 

applied to two apparently separate linages. Ongoing 

work by Renema seems to indicate differences in 

stolon systems between Eocene and Oligocene 

lineages which, if validified, means that the Eocene 
Tansinhokella and Spiroclypeus can be given new 
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generic names. Until a morphological distinction can 

be demonstrated the existing names should be used, 

as stratigraphic location is not a valid property on 

which to base a taxonomic distinction.  
 

 

OUTCROP QUALITY AND AGE 
DETERMINATION 
 

The first sites studied were repeats of the Late 

Oligocene sections of Muhar (1956) in NE Java 

(Figure 2). The micropalaeontology of this area was 

described for the Bataafsche Petroleum 
Maatschappij (BPM) by Muhar (1956) and his 

samples were later used by van der Vlerk and 

Postuma (1967) who compared the ranges in 

interbedded planktonic and larger foraminifera-rich 

beds. The area of uplift is referred to as either the 
Kujung Anticline or the Tuban Plateau. Numerous 

overlapping sections offer nearly continuous 

coverage of very thick and rapidly deposited debris-

flows bioclastic sands and mudstones in front of an 

extensive carbonate platform, drilled by many oil 

wells (Lunt 2013, Figure 150) and ranging in age 
from the top of the Early Oligocene to basal Miocene. 
The mid-Oligocene marker Chiloguembelina cubensis 

occurs in samples from the very centre of the 

anticline, associated with Td larger foram debris 
[rare Nummulites fichteli]. An apparently unbroken, 

deep marine stratigraphic record continues to above 
the evolution datums of both Globigerinoides and 
Miogypsina (van der Vlerk and Postuma, 1967 and 

Lunt, 2013). The senior author first examined the 

micropalaeontology in samples from seismic shot-

holes across this area, with the seismic data showing 

simple structural form (an E-W elongate, flat-topped 

anticline) with no significant faults. This simple 
structural form is confirmed by SAR and Shuttle 

Radar Topography Mapping [SRTM] as the marker 

limestone beds stand out in relief and are unbroken. 

The high rate of sedimentation in this area means 

that any small faults below the resolution of this 

imaging data will have insignificant effect on the 
stratigraphic succession. Later, while preparing field 

trips for the Indonesia Petroleum Association, the 

area was again sampled by the senior author, with 

both mudstones examined for planktonic as well as 

both in-situ smaller and transported larger 
foraminifera, and the thin debris flow limestone 

examined in thin section as well as some dating from 

strontium isotope stratigraphy [SIS].  

 

The Melinau Limestone (Figure 1) was studied and 
discussed by Adams (1965, 1970), in particular the 

Melinau Gorge was recognised as an unfaulted, 

continuous section of shallow marine, low energy 

platform carbonate some 1200 metres thick (cf. 

Wannier, 2009). It ranges in age from Ta (latest 

Middle Eocene) to within the middle of the Late 
Oligocene. Samples outside the Gorge continue 

stratigraphic coverage to basal Miocene (see 

accompanying paper, this volume). The Melinau 

Gorge seems to have the most complete latest 

Eocene section in the region and as such it was 
thought that it might contain Spiroclypeus bearing 

beds similar to those in western Tethys. The senior 

author has examined the original thin sections of 

Adams at the British Museum and later had a 

chance to visit and re-sample the Melinau area. The 

Gorge section is a single, unbroken cliff-face exposed 
on the northern side of the Melinau River around 

114.9008˚ East, 4.1406˚ North. The Melinau Gorge 

section became the test of the evolutionary model 

developed in NE Java. Being at a location about 

1250 km north of Java, it was almost certainly 

subject to a very different history of facies control.  
 

In Central Java there 

are three occurrences 

of Late Eocene larger 

foraminiferal 
limestone, primarily 

at Gunung Gamping 

(= “Limestone Hill” in 

Javanese, also called 

Gamping Barat, i.e. 

“west Gamping” to 
distinguish it from an 

older Eocene location 

also called “Gamping” 

nearby to the east). 

Gamping Barat is a 
biohermal limestone several tens of metres thick 

(Gerth 1930; Mohler 1949) and re-sampled for this 

study. Coring (Lunt 2013) showed this reefal 

limestone lies above marine ash tuff of Zone P14 age. 

About 16 km to the west, at the top of the Nanggulan 

section is a single, thin debris-flow of calcarenite, 
Pellatispira-rich limestone about a metre thick which 

was originally mentioned by Rothpletz (1943, 

unpublished) and cited in van Bemmelen (1949). 

This well-preserved bed is above thick P12-P14 

deltaic and volcaniclastic sequences, and below 

condensed clays of P16 age (Lunt, 2013).  
 

In West Java Late Eocene limestones at Cicarucup 

and Cimuncang, first described by Koolhoven 

(1933a, b) have been re-collected or examined from 

archived material at the Geological Museum in 
Bandung. These locations are of thin, transported 

shallow marine lenses in deeper marine mudstones, 

dated as within planktonic foraminiferal zone P15, 

probably the lower part as argued below. 

 

Table 1. Summary of generic characters from Banner & Hodgkinson 1991 
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All Late Eocene sites in Java with shallow marine 

carbonates are overlain by deeper marine clastics 

devoid of limestones or even any transported 

carbonate facies bioclasts. The overlying deep marine 
claystone is latest Eocene (P16-17), with the distinct 
and short ranging Turborotalia cunialensis and 

Cribohantkenina inflata (e.g. Nanggulan, Lunt 2013). 

This indicates that shallow carbonate facies are not 

represented in the very latest part of the Late Eocene 

in Java.  

 
The Cimanggu section in West Java has shallow 

clastic beds with thin limestones overlying a thick 

non-marine deltaic sequence (Bayah Formation). The 

contact is not seen but the lowest fossiliferous beds 

in the Cimanggu section is in Letter Stage Tc. This 
oldest fossiliferous site was first sampled by 

Koolhoven (1933a, samples P204 and P296), and 

this small site, located at 106.120462˚E, 6.863671˚S 

(WGS84), has been revisited for this study. A one 

meter thick muddy sandstone has yielded abundant 

and well preserved, loose larger foraminifera, rich in 

heterostegines, and capping this there is a clean 
coralline limestone. This fossiliferous shallow marine 

bed overlies Bayah Formation deltaics dated as 
Eocene, based on the presence of Proxapertites 
operculatus.  A few tens of metres vertically above 

this is the Tc-Td zonal transition, at which point the 

section can be correlated to the nearby Ciapus river 

outcrops [Td to lower Te, see below; Lunt, 2013]. The 
Cimanggu site is the type location of Planostegina 
praecursor (TAN), P. bantamensis (TAN) as well as 

Cycloclypeus koolhoveni TAN.  

 

Samples from the basal Ciapus and Cimanggu 

sections were analysed for SIS but gave very 
spurious strontium ages where there was significant 

andesitic sand content, but the least sandy 

Figure 3. Proposed stratigraphic ranges of Heterostegina (Vlerkina), Tansinhokella and 
Spiroclypeus s.s., plotted against the time scale of Gradstein et al. (2005), with additional data from 
Java based on strontium isotope stratigraphy (SIS data from CSIRO using sea-water calibration to 
Gradstein et al. 2004). 
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mudstone and the clastic-free limestone above it 

gave ages between 33 and 34 Ma (Table 3), 

consistent with the basal Oligocene age indicated 
from biostratigraphy (Pseudohastigerina micra 

overlapping with Cassigerinella chipolensis and also 
presence of the nannofossil Helicosphaera perch-
nielseniae/obliqua). 

 

Most of the Ciapus section (type location of 
Cycloclypeus oppenoorthi TAN) is dated within Letter 

Stage Td (Lunt, 2013). This section has multiple 

beds of debris-flow bioclastic sands interbedded with 
open marine, planktonic-rich mudstones. There is a 
considerable drop in the abundance of Nummulites (? 

top Td) just below the extinction datum of 
Chiloguembelina cubensis, after which are a few beds 

with larger forams, but only very rare Nummulites. 

Above this there is a significant fault before the 

outcrops resume, containing basal Te index fossils.  
 

About 65 km to the east of Cimanggu is the Cikalong 

section, a deep marine turbidite/ slump facies 

dominated by muds and silts but with beds of sands 

to over a metre thick, with rare sandy limestone 
blocks or olistoliths, rich in Tertiary c larger 

foraminifera and coral debris (Lunt, 2013). This site 

has not been dated by SIS due to paucity of 

calcareous material in the very deep marine facies 

and clastic contaminants in the limestones. 

Claystone foraminifera faunas are dominated by 
deep marine arenaceous species, but the few 

samples with planktonic faunas have 
Chiloguembelina cubensis and Cassigerinella 
chipolensis, indicating a general Early Oligocene age.  

 

In eastern Java the Pelang Beds are well dated by 
SIS as about 28.3 Ma (combined precision and 

correlation error 27.59- 28.89 Ma, Lunt, 2013). The 

Pelang Beds are composed of a number of thin 

bioclastic debris-flows with rich Td faunas, overlain 

by chalky mudstones rich in planktonic foraminifera. 

The Pelang Beds and the small central area of the 
Kujung Anticline further east in NE Java are 

equivalent to the upper part of the Ciapus Td 

section. 

 

A number of Javanese biohermal limestone 
formations of Late Oligocene to basal Miocene age 

have been studied in thin section, and lack the 

planktonic zonal control at other sites. Around 

Bandung the Rajamandala limestone was studied by 

palaeontologists of the Geological Survey (Harting, 

1929) as well as being described in Hanzawa (1930). 
Some loose fossil specimens of Tansinhokella with 

good preservation are available from the Tagogapu 

site, at the top of this limestone, of very latest 

Oligocene age, described with isotopic dating (24.6 

Ma) and detailed biostratigraphy in Lunt (2013). The 

Rajamandala Limestone continues west across Java, 
with many local names (Upper Cijengkol, Citarate 

and Cimapag Limestones). Its palaeontology was 

briefly summarized by Koolhoven (1933a,b) and it 

has also been re-sampled at several locations for this 

study. Two important mid Oligocene sites in west 

Java are Gunung Bongkok, a few kilometres west of 
the coastal town of Cisolok, with SIS dating one of 
the oldest Tansinhokella records in West Java 

[sample 2K/06/28, See Figure 11] and the basal 

Rajamandala [sample 2K1/07/12] near Gunung 

Walat, which was dated by SIS but contains no 
Tansinhokella. 

 

 

DISCUSSION OF PALAEONTOLOGY IN 
STRATIGRAPHIC ORDER  
 
 
Late Eocene (Tb) 
 

While in Europe the Late Eocene is now considered 

equivalent to the Priabonian Stage, in the Indo-

Pacific it has long been synonymous with Letter 
Stage Tb. It appears to be the same as the period 

from the extinction of multiple planktonic 

foraminifera at the top of zone P14, and a later 

extinction at the top of zone P17, a period of about 4 

million years (Gradstein et al., 2005, Wade et al., 
2011).  

 

Late Eocene samples from Java with larger 

foraminifera all come from the broad (2.2 Ma) zone 

P15 [=early Tb], although we can argue, from 

secondary biostratigraphic markers (the last vestiges 
of Ta associated morphologies), that one of these 

samples is lowest P15 and the others from higher in 

this long-lasting zone. In the wider area around Java 

and South Makassar there are no known carbonates 

Table 2. Summary of Spiroclypeus specific characters from Baumann 1971 
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or larger foraminifera bearing facies of P16-17 age 

(Matthews and Bransden, 1995, Lunt, 2013). There 

is evidence for a major tectonic event within the 

middle part of the Late Eocene (latest part of N15) in 
this area at that time (Lunt and van Gorsel, 2013), 

which terminated a geographically widespread suite 

of carbonates of early Tb age. Overlying these 

carbonates are deep marine clastics of P16 to P17 
age (with Turborotalia cunialensis and 

Cribohantkenina inflata). This may be the reason why 

so many Tb outcrops and well penetrations in S.E. 
Sundaland have not recorded Spiroclypeus s.s. 

equivalent to S. granulosus in Europe. The record of 

S. granulosus in the type Priabonian of Italy is given 

as localities around “Col de Priabona, du pied S.O. 

de la butte de la Grenella; route de Campi-Piana, 

Italy”. This is in the immediate vicinity of the 
stratotype which was studied by Hardenbol (1968), 

who found zone P16 and P17 planktonic foraminifera 

there. However specific examination of Adams’ many 

samples and thin sections from this terminal Eocene 

section in Melinau, plus new samples, did not find 
any Spiroclypeus s.s. in Sarawak. This is a genus 

that can be recognised from a fragment of the test, in 

a wide range of random orientations. 

 

In west Java the Late Eocene sites and original 

samples of Koolhoven (1933a; Bayah Quadrangle 

mapping) have been re-examined, the former re-
located from his sample maps, and the original 

samples archived at the Indonesian Geological 

Survey (Badan Geologi) in Bandung. In addition, 

mudstones associated with the limestone, not 

examined by Koolhoven and the 
micropalaeontologists of his day, have been studied 

and found to contain P15 faunas (Lunt 2013, 

Cimuncang site). These mudstone sediments are 

deep marine in origin, while the thin, larger 

foraminifera bearing limestones are debris-flow 

calcarenites.  
 

Large numbers of thin sections and the examination 

of polished surfaces of many hand specimens from 

the multiple Koolhoven Eocene (basal Tb) limestone 

sites are all similar, and do not contain 
Heterostegina, Tansinhokella or Spiroclypeus. The 

Cimuncang and Cicarucup sites contain simple 
Pellatispira provalei and P. fulgeria types, granulate 

Nummulites species, some forms still with moderate 

degrees of dimorphism between the A and B 

generations; characters that mostly became extinct 

at the top of Letter Stage Ta. However the survival of 
some granulate species into basal Tb has already 

been noted by workers in the Middle East (Morley 

Davies et al., 1971). It was at Cicukangkarang in the 

Cicarucup area (106.34212˚E, -6.81661˚S) that the 
type of the granulate N. hoogenraadi (DOORNINK) was 

found and observations were made of N. 
djokdjokartae (MARTIN) (cf. Doornink, 1932; 

Koolhoven, 1933b), although the latter granulate 

taxon has not been seen by us and may be based on 

a slightly different species concept. [Note that the 

Cimuncang section was known to Doornink as “Tji 

Haur”, see note in Koolhoven (1933a)]. It is the 

presence of these granulate forms here (and absence 

in other P15 sites) that suggests Cimuncang and 

Cicarucup are basal Tb/ basal Late Eocene in age. 

 

Letter Stage Tb samples from Central Java, in field 
and core samples from the Gamping Barat location 

(Lunt 2103), have a different fauna to the West Java 
sites. They have more complex Vacuolispira 

pellatispirids, abundant Palaeonummulites with 

equal-size A and B generations, and lack granulate 
Nummulites. In addition there are frequent 

Heterostegina (Vlerkina) specimens and rare 
Tansinhokella. The thin debris flow limestone at 

Nanggulan is thought to be equivalent to the 

Gamping Barat bioherm and also has frequent 
Heterostegina (Vlerkina) (Figure 4), rare 

Tansinhokella and the same Nummulitid fauna as at 

Gamping Barat. At Nanggulan the thin larger 

foraminiferal limestone is immediately below clays 
with Turborotalia cunialensis and, in the upper part, 

Cribrohantkenina inflata (Lunt, 2013).  

 

Processed residues from the Late Eocene of 

Kalimantan, including “sample 665” collected by 

Ubaghs on the Soengai (Sungai = river) Atan, are 

stored in the Museum of Badan Geologi in Bandung. 
Sample 665 was the type location for Tansinhokella 
vermicularis (TAN). No plankton is in these residues. 

The overall assemblage of Nummulites, Discocyclina, 
Asterocyclina and various species of Pellatispira and 

Biplanispira is not significantly different from the 

Central Java locations, except for the frequent 
Tansinhokella. Topotypes of Tansinhokella are 

illustrated here (Figures 6 & 7), particularly the axial 
sections that are not well figured in the type 

description. 

 

As noted above and in the accompanying paper 

(Lunt, this volume), the Melinau Gorge site in 
Sarawak has about 400 metres of Letter Stage Tb 

exposed. The lower part includes samples with a 

high proportion of finely fragmented bioclasts, in 
which it is not easy to identify Heterostegina 

(Vlerkina), but the uppermost 130 meters of Tb 

contain Tansinhokella vermicularis, which can be 

identified even in fragments (Figure 5). The highest 
few samples of Eocene Tb contain the distinct taxa 
Wilfordia sarawakensis, which Adams defined here 

and predicted would be found more often in the 

future because of its distinct appearance, and 

because in these uppermost Eocene samples it is a 

common fossil. This has not happened, and to our 
knowledge Melinau Gorge is the only place this taxon 

has been found. It is likely that the gap in the 

carbonate stratigraphic record that affects the 

southern edge of Sundaland, as noted above, means 

shallow marine carbonates of latest Eocene (P16-17) 

age are rare in the region, but Melinau Gorge 
appears to include a complete Eocene-Oligocene [Tb 

to Tc] transition. In these latest Eocene samples of 
Melinau Gorge only the Tansinhokella morphotypes 

are found. Therefore to our knowledge no true 
Spiroclypeus has yet been found in the latest Eocene 

of the Indo-Pacific. 
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Table 3. Samples with strontium isotopic dating, in approximate age order 

Sample and location Ratio & 

error (%) 

NIST 987 Age & measurement precision 

and key marker foraminifera 

Dermawu-1 just above reefal equivalent to the Prupuh 

Limestone 

25 km W of the Kujung Anticline 

111.920972E, 7.012750S 

0.708354 ± 

0.0011 

0.710140 19.68 (19.49 to 19.86) Ma 

Foraminifera in marly mudstone c. 50 feet above a Kujung Unit 

1 reef. Picked benthic foraminifera analysed. (Slightly deeper, a 

core in the upper limestone, with a rich Te5 fauna, gave an 

erroneous SIS age) 

Kranji section of Muhar [=Kali (river) Suwuk] Sample 

GB/2K/06/12 

112.389927E, 6.895659S 

0.708430 ± 

0.0017 

0.710235 19.94 (19.68 to 20.31) Ma 

Marly mudstone above outcropping Prupuh Limestone 

Formation [= planktonic rich equivalent to the Kujung Unit 1) 

Kranji section of Muhar [=Kali Suwuk]. KRN-N  

112.382718E, 6.896083S 

0.708416 ± 

0.0015 

0.710235 20.15 (19.89 to 20.52) Ma 

Mudstone with Lenticulina tests analysed. Lower Tf index form 

Lepidocyclina ferreroi present, no Spiroclypeus or Eulepidina 

Dander-1 2230’, Core at top of Kujung / Prupuh 

Limestone, 50 km SW of the Kujung Anticline. 

111.836558, 7.325837S 

0.708296 ± 

0.0014 

0.710140 20.68 (20.64 to 21.25) Ma 

Rich Te5 fauna present, including Tansinhokella 

Prupuh section of Muhar (type Prupuh Limestone). 

Sample Prupuh 1, top of Lst,  

112.451522E, 6.919971S 

0.708356 ± 

0.0015 

0.710235 21.26 (21.02 to 21.53) Ma 

Rich Te5 fauna present, including Tansinhokella and 

Spiroclypeus 

Prupuh section of Muhar 

Prupuh 2, nr top of Lst  

112.450996E, 6.920137S 

0.708308 ± 

0.0015 

0.710235 21.95 (21.73 to 22.16) Ma 

Rich Te5 fauna present, including Tansinhokella and 

Spiroclypeus 

Prupuh section of Muhar 

Sample 2K/07/56  

112.449902E, 6.920400S 

0.708318 ± 

0.0013 

0.710235 21.8 (21.62 to 21.99) Ma 

Rich Te5 fauna present, including Tansinhokella and 

Spiroclypeus 

Kranji section of Muhar  

[=Kali Suwuk] Sample KRN-7  

112.383512E, 6.899693S 

0.708260 ± 

0.0012 

0.710235 22.67 (22.47 to 22.87) Ma 

Rich Te5 fauna present, including Tansinhokella and 

Spiroclypeus 

Rembang-2 swc 2682  

Prupuh Limestone 

110.640253E, 7.049928S 

0.708234 ± 

0.0013 

0.710235 23.12 (22.89 to 23.37) Ma 

Near top of richly fossiliferous Te5 Lst, ? SIS age suspected 

slightly too old 

Kranji section of Muhar  

[=Kali Suwuk]  TW73  

112.395060E, 6.903582S 

0.708151 ± 

0.0012 

0.710140 22.91 (22.7 to 23.12) Ma 

Rich Te4 fauna present, including Tansinhokella and 

Spiroclypeus but no Miogypsina 

South of Singget section of Muhar 

Prupuh Limestone; 2K1/09/12 

112.124528E, 6.974596S 

0.708172 ± 

0.0015 

0.710235 24.31 (24.03 to 24.62) Ma 

Rich Te4 fauna present, including Tansinhokella 

Rembang-2 swc 2848.5  

Lowest part of Prupuh Limestone 

110.640253E, 7.049928S 

0.708169 ± 

0.0019 

0.708166 ± 

0.0015 

0.710235 24.37 (24.01 to 24.78) Ma 

24.45 (24.16 to 24.78) Ma  

Rich Te4 fauna present, including Tansinhokella 

Rajamandala Limestone, near top  

Tagogapu, 2K1/01/03 

107.46625E, 6.81438S 

(highest sub-sample at this site) 

0.708197 ± 

0.0015 

0.710235 23.84 (23.55 to 24.12) Ma 

Rich Te4 fauna present, including Tansinhokella and Zone P22 

foraminifera 

Rajamandala Lst nr top  

Tagogapu, 2K1/01/02 

107.46603E, 6.81465S 

(middle sub-sample) 

0.708190 ± 

0.0012 

0.710235 23.97 (23.75 to 24.2) Ma 

Rich Te4 fauna present, including Tansinhokella and Zone P22 

foraminifera 
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Sample and location Ratio & 

error (%) 

NIST 987 Age & measurement precision 

and key marker foraminifera 

Rajamandala Lst nr top 

Tagogapu, 2K1/01/01 

107.46603E, 6.81465S 

(lowest sub-sample at this site) 

0.708158 ± 

0.0015 

0.710235 24.60 (24.29 to 24.96) Ma 

Rich Te4 fauna present, including Tansinhokella, Zone P22 

foraminifera and NP25 nannofossils 

Lower Rajamandala,   

Gunung Bongkok 2K/06/28 

106.408896E, 6.957554S 

0.708108 ± 

0.0014 

0.710235 25.97 (25.56 to 26.51) Ma 

Rich Te2-3 fauna present, including Tansinhokella 

Kranji section of Muhar,  

KRN-14  

112.39237E, 6.91172S 

0.708060 ± 

0.0015 

0.708075 ± 

0.0017 

0.710235 27.63 (27.02 to 28.17) Ma 

27.14 (26.45 to 27.83) Ma 

Te2-3 fauna: The oldest Tansinhokella in NE Java, also 

transitional Tansinhokella to Heterostegina (Vlerkina) forms in 

this sample 

Basal Rajamandala Limestone   

2K1/07/12 

106.778998E, 6.921483S 

0.708027 ± 

0.0015 

0.710235 28.5 (28.15 to 28.87) Ma 

Te1 fauna, including Halkyardia, Eulepidina, Heterostegina 

(Vlerkina) but no Tansinhokella 

Central Kujung Anticline    

Gunung Ngimbang section of Muhar 

Sample NG-1  

112.1590E, 6.9689S 

0.708040 ± 

0.0015 

0.710235 28.19 (27.79 to 28.54) Ma 

Frequent Heterostegina (Vlerkina) and rare possible transitional 

forms to Tansinhokella. Eulepidina present  

6 km east of Kujung-1 well 

Sample 2K1/09/19  

112.240368E, 6.963830S 

0.708015 ± 

0.0012 

0.710235 28.79 (28.5 to 29.1) Ma 

Frequent Heterostegina (Vlerkina) and possible transitional 

forms to Tansinhokella. A single Nummulites fragment. Large 

coral fragments 

6 km east of Kujung-1 well 

Sample 2K1/09/20  

112.239413E, 6.969822S 

0.707997 ± 

0.0015 

0.710235 29.24 (28.87 to 29.62) Ma 

Frequent Heterostegina (Vlerkina) and possible transitional 

forms to Tansinhokella. 

Mlangi section of Muhar   

Sample 2K1/09/25  

112.216689E, 6.955065S 

0.707955 ± 

0.0023 

0.710235 30.44 (29.72 to 31.15) Ma Fragment of Eulepidina, 

Lepidocyclina, Neorotalia and Chiloguembelina cubensis. Te1 

[SIS age probably too old considering C. cubensis] 

Southeast of Kujung-1 well 

Shot point- 89EJ33A Sp.1241 

112.193619E, 6.981914S 

0.707908 ± 

0.0012 

0.710140 29.1 (28.79 to 29.39) Ma 

Mudstone with good foraminiferal fauna including 

Chiloguembelina cubensis, Paragloborotalia opima opima and 

fragments of Lepidocyclina but no Tansinhokella 

Northwest of Kujung-1 well 

Sample 2K1/09/21  

112.181879E, 6.972773S 

0.708000 ± 

0.0018 

0.710235 29.17 (28.71 to 29.62) Ma 

Letter Stage Td including Heterostegina (Vlerkina) and 

planktonic Zone P21a (Chiloguembelina cubensis) 

Other, older locations    

Pelang Limestone 

Multiple samples and thin sections 

110.751291E, 7.193862S 

0.708040 ± 

0.0016 

0.710235 28.19 (27.76 to 28.57) Ma 

Letter Stage Td: Heterostegina (Vlerkina), frequent Nummulites 

fichteli / intermedius. [?SIS age slightly too young as overlying 

deep marine marls are NP24 / Lower P22 (Lunt 2013) and also 

have a falsely young SIS age (25.2 Ma). Also Te1 stage in 

Melinau is dated as old as 29.86 Ma] 

Ciapus#5 

106.216276E, 6.882162S 

0.707942 ± 

0.0013 

0.710235 30.83 (30.44 to 31.25) Ma 

Letter Stage Td including Heterostegina (Vlerkina) and 

Nummulites fichteli / intermedius 

Ciapus#4 

106.216040E, 6.882752S 

0.707915 ± 

0.0013 

0.710235 31.71 (31.31 to 32.02) Ma 

Letter Stage Td without Heterostegina (Vlerkina), rare 
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Sample and location Ratio & 

error (%) 

NIST 987 Age & measurement precision 

and key marker foraminifera 

Nummulites fichteli 

Ciapus#1 

106.215600E, 6.882940S 

0.707909 ± 

0.0012 

0.710235 31.86 (31.51 to 32.13) Ma 

Poorly preserved Td fauna (the lowest Td at this site 

Padi 1. 110.699378E, 7.077168S 

Good samples in  Tc limestone, about 100 metres thick 

0.707893 ± 

0.0012 

0.710235 32.22 (32.0 to 32.41) Ma 

Highest sample with Tc fauna in this well with no Heterostegina 

(Vlerkina) 

Padi 1 mid- Tc sample 

110.699378E, 7.077168S 

0.707885 ± 

0.0012 

0.710235 32.37 (32.16 to 32.58) Ma 

Tc fauna with no Heterostegina (Vlerkina) 

Padi 1 mid- Tc sample 

110.699378E, 7.077168S 

0.707860 ± 

0.0013 

0.710235 32.84 (32.62 to 33.05) Ma 

Tc fauna with no Heterostegina (Vlerkina) 

Padi 1 lowest Tc sample 

110.699378E, 7.077168S 

0.707845 ± 

0.0013 

0.710235 33.1 (32.89 to 33.32) Ma 

Lowest sample with Tc fauna in this well with no Heterostegina 

(Vlerkina) 

Cimanggu Cm#5,  

106.121482E, 6.862400S 

0.707897 ± 

0.0011 

0.710235 32.11 (31.86 to 32.25) Ma 

Highest bed assigned to Tc, with rare Heterostegina (Vlerkina) 

[the lowest record of this genus with good stratigraphic 

control] 

Cimanggu Cm#4  

106.120474E, 6.863654S 

Few cms above “296” sample 

0.707841 ± 

0.0014 

0.710235 33.15 (32.92 to 33.40) Ma 

Letter stage Tc sample, without Heterostegina (Vlerkina) but 

rich in large Planostegina. 

Cimanggu 296 

106.120474E, 6.863654S. Tan Sin Hok’s site at base 

of Oligocene section 

0.707832 ± 

0.0014 

0.710235 33.31 (33.07 to 33.56) Ma 

Letter stage Tc sample, without Heterostegina (Vlerkina)but rich 

in large Planostegina. 

Cikolong 248,  

Museum sample but equivalent found in same area 

around 106.676E, 7.021S 

0.707792 ± 

0.0011 

0.710235 34.03 (33.82 to 34.29) Ma 

Rich Tc fauna without Heterostegina (Vlerkina) but with several 

large Planostegina. 

87Sr/86Sr ratios normalised to 86Sr/88Sr =0.1194 

Ages calculated from McArthur & Howarth (2004) 
 
 
Earliest Oligocene (Tc) 
 

Basal Oligocene [Tc] assemblages are dominated by 
Nummulites fichteli, flat evolute Operculina, 

Planostegina, and small numbers of a maturo-
evolute form called Heterostegina cf. depressa by 

both Tan Sin Hok (1932) in West Java and Adams 
(1965) in Melinau Tc. This Heterostegina 

(Heterostegina) form has been observed in new 

samples from the original location of Tan (Figure 8), 

where it is noted to have a larger size than the more 
compact, wholly involute Heterostegina (Vlerkina) 

that appears in the overlying samples.  
 
There were no observations of Tansinhokella or 

Spiroclypeus, both of which can be identified from 

fragments due to their distinctive test architecture, 

in any of the Tc samples examined. These include 

multiple field samples from Cimanggu and Cikalong 
(details in Lunt, 2013), a few poorer field samples at 

Gunung Walat (type Batu Asih Fm; Lunt, 2013) and 

oil exploration wells Rembang-1 and Kujung-1in NE 

Java, with cuttings core and sidewall core material 

examined in detail by the senior author. It is 

considered significant that about 30 samples from 

Tc, roughly 12 samples from Td and about 30 more 

samples from lowest Te in the Melinau Gorge, often 

examined with multiple thin sections for each 

sample by Adams (1965), had no indication of 
Tansinhokella. 

 

 

Early Oligocene (Td) 
 
The transition to from zone Tc to Td, i.e. the first 
observations of Eulepidina, Nephrolepidina and 

Neorotalia mecatepecensis, is seen in the Cimanggu 

section of West Java. Good Td assemblages are also 

seen in the nearby Ciapus section, and in both 

locations there is good planktonic biozonation for the 
Tc-Td boundary at about 32 Ma [SIS], lowest P19 

and NP23 (Lunt, 2013). The Pelang limestone of 

eastern Java has been well studied by us, as has the 

central part of the Kujung Anticline (Figure 2) that 

includes the transition from Td to Te. The data set 
from this zonal interval in NE Java is quite detailed, 
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and mostly comprises allochthonous debris-flow 

limestones which tend to mix bioclasts from many 

shallower habitats. In many dozens of large format 

thin sections and examination of cut faces of hand 
specimens, there were common Heterostegina 

(Vlerkina) but no sign of Tansinhokella.  

 

 

Late Oligocene to basal Miocene (Te) 
 

In NE Java there is apparently continuous 

stratigraphic coverage over nearly the entire Te 

Letter Stage. The Kujung Anticline or Tuban Plateau 

area (Figure 2) yields a good record of the 
Heterostegina (Vlerkina) to Spiroclypeus lineage both 

in thin section of debris-flow limestone and as 

occasional individual tests in the mixed mudstone/ 

calcarenite facies. In these samples there are lower 
samples with only Heterostegina (Vlerkina), above 

which are samples with forms that are 
morphologically transitional to Tansinhokella, and 

above these transitional forms Tansinhokella is 
common. Spiroclypeus is only found in the 

uppermost part of the section, in the harder 

limestones of the Prupuh Beds that straddle the 

Oligocene-Miocene, Lower to Upper Te, boundary. 

 

The same location was studied by Muhar (1956) who 
came to the same conclusion: that Heterostegina 

(Vlerkina) is present lower than Tansinhokella. This 

also follows the regional observation of Leupold and 

van der Vlerk (1931), but neither of these workers 
distinguished Tansinhokella from Spiroclypeus. 

 
The transitional forms to Tansinhokella are identified 

by the onset of subdivision of the alar prolongations 
in the ancestral Heterostegina (Vlerkina) in the later 

adult stages only (Figure 12). The subdivision of the 

alar prolongation into chamberlets differ from the 

perpendicular septula in the outer flanges (median 

layer) in that they are irregular and angular so that 
the primary septum is no longer straight. In a very 

short stratigraphic period a reticulate mesh of 

chamberlets is developed (Figure 13) and all sign of 

the primary septal traces is lost from what is left of 

the alar prolongations. This type of chamberlet 

formation also extends over the axis of the umbo, 
which in the previous morphological stage would 

have been the origin of the primary septa. By 

extending over the centre of the umbo these lateral 

chamberlets begin to stack up in a fashion that is 

independent of the whorls of growth. This is the 
morphological divide when the genus Tansinhokella 

has been reached (Figures 11 & 13). Figure 10 is the 

host rock from which the specimen enlarged in 

Figure 11 is obtained (Gunung Bongkok, 25.97 Ma 
on SIS) and this facies is rich in Heterostegina 

(Vlerkina) but has only rare Tansinhokella. In 

carbonate samples stratigraphically above this 
Tansinhokella is frequent to common and 

Heterostegina (Vlerkina) becomes increasing rare.  

 

Outcrop samples from the Rajamandala and 

equivalent limestones in western Java do not yield 

the quality of material as observed in NE Java, but 

these beds have good basal assemblages rich in 
Heterostegina (Vlerkina), without any Tansinhokella 

or Spiroclypeus. Some early Tansinhokella specimens 

are illustrated here from lower Citarate Limestone 

near Bayah (Figure 13). Throughout the middle and 
upper oarts of the Late Oligocene Rajamandala 
Limestone are Tansinhokella (Figures 16 &17), and 

in the upper part also some Spiroclypeus. The upper 

part can be studied as thin section and in loose 

material at Tagogapu near Rajamandala, with SIS 

data on the top and bottom of this limestone given in 
Lunt (2013). 

 

Stratigraphically further up in the Kujung Anticline 
the adult Tansinhokella specimens have much 

smaller equatorial flanges projecting outside the now 

multi-layered umbonal area, even in flat specimens. 
The general rate of coiling is not changed much from 
Heterostegina (Vlerkina), with about 3 complete 

whorls in the adult, but the sub-layers of reticulate 

chamberlets grow independently of the main radial 

chamber addition. These lateral chamberlets also 

extend beyond the outer circumference of the 
previous whorl, so that the umbonal thickening is 

extended and increased (compare the two extremes, 

Figure 11 and Figures 15b or 17). 

 
In some adults of Tansinhokella there is a gerontic 

stage of thin-walled cubicula (Figure 15B). Banner 
and Hodgkinson defined cubicula as lateral 

chamberlets that have lost all sign of the primary 

septal trace and hence are no longer recognisable as 

subdivisions of a larger chamber. As noted above, 

this morphological divide is untenable as it occurs 
near the base of evolution of Tansinhokella, and 

hence is cannot be used as a distinguishing 
character for Spiroclypeus. The end-members of the 

Tansinhokella - Spiroclypeus lineage are very distinct 

but the morphoseries is unfortunately gradual. 

However there is fairly abrupt transition to very thin 

walled chamberlets which are considered here 
cubicula. In axial sections of Tansinhokella the 

remnants of spiral sheets are clear, even though they 

may be partially discontinuous. The very thin wall of 

cubicula prevents any recognition of spiral sheets, 

and this is the divide used here for cubicula and the 
onset of a Spiroclypeus morphology, even though it 

appears as a gerontic stage first, before dominating 
the test. As a result of the loss of the spiral sheets 
the Spiroclypeus tests become generally similar to 

Lepidocyclina (Nephrolepidina) in axial section, and 

examination of the median layer is required to see 

the very stunted alar prolongations (Figure 15C and 

18) 

 
The type for Spiroclypeus is S. orbitoideus, a species 

defined on microspheric specimens (cf. Banner and 

Hodgkinson, 1991). Illustrations of clearly 

macrospheric specimens dominated by cubicula are 

rare, or of poor quality in old publications, 
suggesting the possibility that Spiroclypeus s.s. - if 

microspheric only - could be an intra-specific 

dimorphic feature and unsuitable for use in a 

taxonomic classification. We can confirm and 

illustrate here that cubicula are not just restricted to 
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the microspheric generation (Figure 18 here, see also 

Plate 3- figure 3 of Krijnen, 1931 and Plate 10- figure 

4 of Banner & Hodgkinson, 1991). Both 
Tansinhokella and Spiroclypeus occur in the Prupuh 

Limestone of NE Java as young as 20 to 20½ Ma 
(SIS dating in Lunt 2013). SIS dating in the table 

below has a small gap in outcrop on the dip slope of 

the condensed Prupuh limestone (Figure 2) which 

covers the top of Te and the extinction of both 

genera. 
 

As noted above and in the accompanying paper, the 

Melinau Limestone also includes the evolutionary 
transition from Heterostegina (Vlerkina) to 

Tansinhokella, although the stratigraphic position is 

just above the end of the Melinau Gorge outcrop. The 
highly indurated carbonates make examination of 
transitional forms to Tansinhokella difficult and 

dependent on random thin-sections, so good 

intermediates are not as easy to find as in the 

samples from NE Java illustrated here. 
Tansinhokella is found in the Te5 samples between 

the Gorge and the Mulu Park Headquarters, and in 
the Mulu Quarry area (Te2-3 and Te4). The age of 
the oldest Tansinhokella in Melinau is 26.7 Ma based 

on SIS, while the oldest Tansinhokella in NE Java 

(sample Kranji KRN-14) is 27.14 Ma (same SIS lab 

and normalisation/ calibration). There is a data gap 
below the lowest Tansinhokella in Melinau (the next 

oldest SIS age is 29.86 Ma), but assuming the 
accuracy [machine precision and observation 

repeatability] of the SIS technique for dating is 

between half and one million years, then this is a 

good age correlation independent of biostratigraphy. 

This suggests that the up-section re-appearance of 
Tansinhokella, in geographically separate sites, is an 

evolutionary event, and not the end of some 

environmental or biological exclusion on a 

continuous, Eocene-sourced, population, exiled for 

more than 6 Ma in some un-sampled, peripheral 

site. 

 
 

TAXONOMIC NOTES AND UNCERTAINTY IN 
SPECIES CONCEPTS 
 

Banner and Hodgkinson (1991) noted six or seven 

legally valid, and not obviously synonymous, species 
of Heterostegina (Vlerkina) which, in order of 

seniority, are: 
H. (V.) borneensis VAN DER VLERK 1929 [late 

Oligocene, Lower Te, Kalimantan]; 
H. (V.) assilinoides BLANCKENHORN 1937 [basal 

Miocene, Te5, Turkey];  
H. (V.) texana GRAVELL & HANNA 1937, [Late 

Oligocene Texas, USA];  
H. (V.) pusillumbonata COLE 1954, [late Oligocene, 

Lower Te Bikini Island];  
H. (V.) pleurocentralis (CARTER 1957) [late Oligocene, 

Lower Te- see Banner & Hodgkinson Oman);  
H. (V.) qatarensis KUPPER 1957 [Recent Middle East 

Gulf]; 
H. (V.) kugleri EAMES ET AL. 1968 [late Eocene, 

Caribbean]  

Of these, Banner and Hodgkinson (1991) noted that 
H. (V.) qatarensis may be maturo-evolute and not 

eligible for this subgenus, the matter requiring more 

study on un-abraded specimens. Note that the 

majority of species were defined in the Late 
Oligocene, and the last to be defined was H. (V.) 

kugleri in the Late Eocene. In the author’s experience 

late Eocene samples with Heterostegina (Vlerkina) 

are relatively rare. It is therefore suggested that the 
Late Eocene transition through H. (V.) to 

Tansinhokella was rapid. This contrasts with the 

much slower succession of Heterostegina (Vlerkina) 

to Tansinhokella during the late Oligocene: about 4 
Ma of Heterostegina (Vlerkina) without Tansinhokella. 

Of these species Banner and Hodgkinson (1991) 
selected H. (V.) assilinoides and H. (V.) 

pleurocentralis as having distinct morphological 

differences from the type H. (V.) borneensis. They 

describe H. (V.) assilinoides as having squarer 

chamberlets and weaker ornamental pillars and a 
smaller megalospheric proloculus, while H. (V.) 
pleurocentralis has long, narrow rectangular 

chamberlets and weak pillars. As Banner and 

Hodgkinson noted, the microspheric generation of 

this genus is not yet known, although microspheric 
forms are seen in the descendant Tansinhokella (cf. 

Krijnen 1931). Within the approximately 9 Ma 
duration of the Oligocene range of Heterostegina 
(Vlerkina), our observations see no stratigraphic 

pattern, restriction, or trend in the species used by 

Banner and Hodgkinson, so the proposed 

morphological variations might be ecophenotypic or 

within the range of monospecific variation. We see no 
need to use species other than Heterostegina 

(Vlerkina) borneensis at the moment.  

 
Heterostegina (Vlerkina) pleurocentralis (CARTER) was 

one of the five species of Spiroclypeus recognised by 

Krijnen (1931). Only one of his species stays in 
Spiroclypeus s.s as used here (S. orbitoideus), and 

two are re-assigned to Tansinhokella. Only 

pleurocentralis is transferred to Vlerkina.  The 

complex and confused nomenclatural history of this 
form was dealt with in Banner and Hodgkinson 

(1991), who elected a neotype and topotypes from 

the same Taqah Limestone (Lower Te, Late 

Oligocene; Adams and Frame 1979 and Adams pers 

comm. in Banner and Hodgkinson 1991), at the 
same location as Carter, in Oman.  

 

Krijnen noted microspheric and macrospheric 
generations for all his species of Spiroclypeus s.l., 

except S. orbitoideus, which was described only in 

the microspheric form. It should be borne in mind 

that Krijnen assigned microspheric forms to species 
with macrospheric holotypes based on shared 

morphological features that have not been proven to 

be linked to a valid species concept. As noted above 
microspheric forms in Heterostegina (Vlerkina) are 

rare and have not yet been encountered by the 

present authors. The microspheric forms Krijnen 
noted for what would now be considered H. (V). 

pleurocentralis are probably not members of this 

taxon, following the work on neotype and topotype 

material of that species by Banner and Hodgkinson.  



 

Page 19 of 81 

 

Berita Sedimentologi BIOSTRATIGRAPHY OF SE ASIA – PART 2 

Number 30 – August 2014 

 

 

 

  

Figure 4. Two oblique sections through Heterostegina (Vlerkina) in a Tb limestone found at the top of the 
Nanggulan section in Java (110.18664˚E, 7.73837˚S). Age of this thin limestone is lower or mid Tb as the 
upper Tb equivalent in this area (Zones P16, P17) is deep marine planktonic-rich clay, without larger 
foraminifera (Lunt, 2013). In these specimens the main chamber spaces in the equatorial flanges are 
clearly subdivided by secondary septa, but these do not extend into the alar prolongations that extend 

over preceding whorls. (100µm scale dot in lower left corner) 

Figure 5. One of Adams' (1985) thin sections from S10085c in the Melinau Gorge, Sarawak (British 
Museum (NH) collection). This sample from the top of the Eocene Tb Letter Stage contains 

Tansinhokella, assigned to T. vermicularis. The irregular vermiculate or "worm-like", partly 
reticulate pattern of chamberlets in the broadly developed alar prologations can be seen in the 
oblique section, centre bottom of image. (100µm scale dot in upper right corner)  
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Figure 6a, b, c. Tansinhokella vermicularis (Tan). Topotype material from sample 665 of Ubaghs 
(1936), Soengai Atan (Atan River), Kalimantan. In the same sample as Nummulites, Discocyclina, 
Pellatispira and Biplanispira. (a) axial section of macrospheric form, 3.58 mm maximum dimension. 
(b) Near axial section, diameter 2.9 mm, reported as a microspheric form. (c) Section though worm-like 
or vermicular-shape lateral chamberlets, which is subtly different from the more regular, reticulate 

pattern of septal traces in the lateral chamberlets of Late Oligocene- basal Miocene Tansinhokella. 

 

Figure 7. Stereopaired image of Tansinhokella vermicularis topotype material from sample 665 of 
Ubaghs (1936), Sungai Atan, Kalimantan. External views. Compared to the sections above from the 
same sample, the equatorial flanges have been reduced by abrasion. Maximum diameter of the upper 
test is 1.85mm. The uppermost test is cut in half and has its exterior polished to show the pillar 
ornament. This specimen appears, in the cut face facing the paper, to be microspheric and has the 
thickest central or umbonal area of any of the tests. The lower two specimens are assumed to be 
macrospheric and have profiles similar to the axial thin section in Figure 6a above.  
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Figure 8. Letter Stage Tc limestone at Cimanggu, W Java (106.120462˚E, 6.863671˚S), a thin carbonate bed 
above soft sandy mudstone bed; "sample 296" of Koolhoven (1933). This is the type locality of Planostegina 
bantamensis, P. praecursor (Tan) and Cycloclypeus koolhoveni (Tan). On the right is P. praecursor; completely 
evolute and therefore lacking alar prolongations, in spite of the strong umbonal swelling or pillar. On the left is 
the form logged as Heterostegina cf. depressa by Tan (1932), which is maturo-evolute, as can be seen by the 
rapid reduction in thickness of the equatorial flange from intermediate to adult stage. The alar prolongations 

are very small in this species. 

Figure 9. Maturo-evolute Heterostegina cf. depressa sensu Tan (1932) of Letter Te1 age from the 
Cicarucup site in West Java (106.331770˚E, 6.828270˚S), with small alar prologations, unlike P. 

praecursor, which has a similar outline. The Te index Eulepidina is also in this image. While 

Heterostegina (Vlerkina) borneensis is known from sediments of this age, the large, flat Heterostegina 
cf. depressa is here associated with other large flat foraminifera, suggesting environmental influence on 
the distribution of members of the genus Heterostegina. The discoid, involute, Heterostegina (Vlerkina) 
borneensis is not seen in this association.  

 

Figure 10. Sample from Gunung (mount) Bongkok in West Java (106.408896˚E, 6.957554˚S). On the 
published map of Koolhoven (1933) this was mapped as Cimapag Limestone, but on the original sample 
map it was mapped as Citarate Lst (Cimapag, Citarate and Upper Cijengkol limestones are all 
equivalent to the Rajamandala Lst to the NE; Lunt, 2013). A single Eulepidina is present in the centre of 
this image. The sample is rich in Heterostegina (Vlerkina) borneensis with deep alar prolongations, and 
in some of them it seems that the number of septal traces suggests secondary septa may be present. 
See Figure 11 for an illustration of Tansinhokella from this same sample demonstrating this sample is 
Letter Stage Te2-3, probably the basal part. 
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Figure 11. Gunung Bongkok West Java, same sample as Figure 10. In the minority in the fauna are 
some specimens of Tansinhokella, as shown here, with clear development of several levels of lateral 
chamberlets. Note that each whorl can be traced to a wall between levels of lateral chamberlets (i.e. a 
simple spiral sheet), and the alar prolongations that gave rise to the lateral chamberlets now extend 
over the center of umbo. 

 

Figure 12. Mudstone sample 2K1-9-24, 3 km 
ENE of Kujung-1 well. (112.209120˚E, 
6.960842˚S; map Figure 2)  
Mudstone samples closer to the well-site 
contain the index planktonic foraminifera 
Chiloguembelina cubensis, so this sample is 
dated as slightly younger than its 28.4 Ma 
extinction datum (Wade et al 2011). 
This is one of the oldest samples containing 
subdivision of chambers into chamberlets 
within the alar prolongations. The mudstone-
type preservation has stained these specimens 
brown but the septal traces are still white. Note 
the alar prolongations are still roughly radial 
(curved) over most of the umbonal area, 
certainly more so than the reticulate divisions 
seen in the following and slightly younger 
images (Figures 13a, b). The morphology of the 

subdivided alar prolongations does not suggest 
stacking of alar prolongations into layers of 
lateral chamberlets. Thin sections of 
calcarenites beds at this site contain just 
Heterostegina (Vlerkina). 
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a b 

Figure 13a, b. Two images of sample155 collected by Koolhoven in map sheet 14 (Blad 14; roughly 
106.2947˚E, 6.9727˚S). Samples from the Citarate Limestone, a local name for the Rajamandala Limestone. 
This site is roughly on-strike with the Gunung Bongkok samples (Figures 10 & 11). This site is also Letter 
Stage Te2-3 age, probably lower part. These large specimens are well preserved and show how the lateral 
chambers now form reticulate meshes that cover the umbo, and it is hard to identify any sign of a radial axis 
from which primary septa might originate. The extension of layers of secondary chamberlets extend over the 
central umbonal area would inevitably lead to overlapping layers of such chamberlets, with each whorl added, 
and thereby will be Tansinhokella. This genus is seen in thin sections from this and adjacent sites 

Figure 14. Thin section of Suwuk 2K/9/08, Kranji section, just below the main ridge of harder Prupuh 
limestone (112.386269˚E, 6.909183˚S). Large flat foraminifera dominate, probably for environmental 
reasons, and are a mixture of Tansinhokella and Eulepidina the former being distinguished as the 
whorls of growth are still visible, present in the median layer complete with nummulitic cord. 
Miogypsinoides is absent, but appears slightly higher in the sections so this sample is therefore 
considered upper Letter Stage Te2-3. 
Note how in the particularly thin macrospheric test the single layer of lateral chamberlets extends a 
long way out from the umbonal area. This contrasts with specimens in Figures 13a, b, from the lower 
part of Te2-3, where lateral chamberlets are restricted to the central area over the umbonal swelling.  
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Figure 15a. Sample S27, type Prupuh limestone (just east of  map in Figure 2, 112.445214˚E, 
6.921136˚S), latest Oligocene just below the evolutionary appearance of Miogypsina (its ancestor 
Miogypsinoides is present in this slide). Shows range of advanced Tansinhokella and Spiroclypeus 
specimens, with Eulepidina and Lepidocyclina (Nephrolepidina). With the development of cubicula 

Spiroclypeus s.s are very similar to Lep. (N) but can be distinguished as the whorls of growth are 
visible, preserved in the median layer complete with nummulitic cord. Spiroclypeus now has many more 
layers of cubicula than whorls of growth. Some of the specimens here have about 20 layers of cubicula 
but only 4 or 5 whorls of the median layer. The layers of cubicula pinch out over the breadth of the test, 
but this high ratio of cubicula to whorls shows that growth is now focused and accelerated in the 
enlarged umbonal area 
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Figure 15b. Close up of Tansinhokella ?leupoldi, from thin section in Figure 15a. Diameter of specimen 
is 3.25mm. Note on parts of the outer test a very thin walled final layer of "lateral chamberlets" or early 
cubicula is present, suggesting the geronitic stage may be transitional to Spiroclypeus. The number of 
layers of lateral chamberlets slightly exceeds the number of whorls 

 

Figure 15c. Close-up of Spiroclypeus s.s. from thin section in Figure 15a, latest Oligocene. Diameter of 
specimen 4.78mm. True cubicula are present as a high number of stacked layers, greatly exceeding the 
number of whorls. Close examination of the median layer reveals a marginal cord, without which this 
specimen might be hard to distinguish from L. (Nephrolepidina). This is the largest specimen in the thin 
section, and may actually be a microspheric form. 
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Figure 16. Rajamandala Limestone, West Java (2K/08/02 at 107.418830˚E, 6.833910˚S). Good 

illustration of advanced Tansinhokella from Letter Stage Te4 with reticulate divisions of the lateral 
chamberlets, but the views of axial sections shows these are within recognisable alar prologations 
roughly one layer of lateral chamberlets per whorl (e.g. upper left). However the specimen at  the center of 
the slide might be microspheric and appears to have more layers of lateral chamberlets / cubicula than 
whorls. Reticulate pattern made by subdivision of the alar prolongation is of similar sized polygons, 
lacking the occasional elongate "worm-like" chamberlets seen in the Tb Tansinhokella vermicularis. 
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Figure 17. Near top Rajamandala Limestone, West Java (107.359220˚E, 6.865160˚S, sample 2k/8/5 
at the top of the Cisambeng River section). Letter Stage Te4, occurring with Miogypsinoides. A specimen 
of Tansinhokella where the thickness of the lateral walls is still greater than the thickness of the lateral 
chamberlet spaces. However the final whorl, identifiable from the presence of the nummulitic cord, can 
be traced back to some of the earlier, inner levels of chamberlets in the umbonal area. This suggests the 
later adult (gerontic) stage is dominated by rapid growth of chamberlets over the central umbonal areas 
during a time of reduced whorl addition 

 

Figure 18. Macrospheric Spiroclypeus from Te5 in Bukit Panjang-1 well, north of Madura 

(113.268500˚E, 6.777821˚E). Max diameter of test visible is 4.1mm. As with Figure 15c this form looks 
superficially similar to Lepidocyclina (Nephrolepidina) except remnants of alar prologations can be seen. 
In this specimen the nummulitic cord is reduced and not clear. On the lower right are some other 
fragments of Spiroclypeus. 
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In spite of this uncertainty of species concepts an 

important trend can be seen. This is the progression 

from a macrospheric-dominated population (with no 

discernible difference in overall size between 
generations) to a population with both A and B 

generations (where the microspheric [B] generation is 

overall larger and distinct). This morphological 
change occurs close to the Heterostegina (Vlerkina) 

to Tansinhokella transition. After this there was an 

increase in abundance in the microspheric 

generation, locally dominant, in the descendant 
Spiroclypeus s.s.  

 
Within the genus Tansinhokella we use the name T. 
vermicularis for a Late Eocene form that may be 

morphologically distinct, with the vermicular form of 

the lateral chambers being locally developed (Figure 
6c) and arguably more pervasive that in Oligocene 

forms, where tests have more regular shaped 

chamberlets (Figures 13 & 16). This morphological 
distinction is considered tentative. Tansinhokella 
yabei is the type species for the genus. This was 

considered a junior synonym of “S” pleurocentralis 

by Krijnen, but the work by Banner and Hodgkinson, 
mentioned above, resolved this synonymy.  

 
The species of Spiroclypeus s.l. used by Krijnen 

(1931) were defined on the presence or absence of 

pillars and the overall shape (flat, discoid, inflated). 
In addition the taxon margaritatus was noted to have 

thin test walls, revealing the median layer. The taxa 
pleurocentralis and tidoenganesis had maximum test 

thickness lying well off-center in the test. 

Microspheric forms were assigned to the 

macrospheric types by sharing these basic physical 

properties. 

 
In 1971 a guide to larger foraminifera was made by 

Paul Baumann and reproduced through Lemigas in 

Jakarta, and, while not formally published, it 

became a widely distributed and influential guide on 

foraminifera identification amongst oil industry 
workers in SE Asia. This table (Table 2) covered the 

five species of Krijnen, but included factors not 

mentioned by Krijnen, specifically the shape of 
lateral chambers which at “regular short” for leupoldi 
and orbitoideus represents the modern concept of 

cubicula. The data presented in Baumann's table 

matches the plates in Krijnen. The taxon 
pleurocentralis, now placed in the ancestral 

Heterostegina (Vlerkina), appears (probably by 

chance considering the taxonomic history) to be the 

morphologically simplest of the morphotypes in this 
series. After the “ancestral” pleurocentralis the trend 

seems as might be expected; gradually towards 
smaller cubicula. However much of the detail in this 

table is tautological as shorter individual 

chamberlets must result in more of them in a test of 

the same size, and also shortness requires simplicity 

in shape. 

 
Our current opinion is that both S. orbitoideus and 

S. leupoldi are members of Spiroclypeus s.s., with the 

former being the senior name, defined on a 

microspheric form and the latter being defined on a 

macrospheric specimen (a drawing of the axial 

section - see later comments on paucity of illustrated 
macrospheric Spiroclypeus tests). The name S. 

orbitoideus is arguably an adequate name to use for 

all members of this genus in Asia until better species 
concepts are established. 

 

 

CONCLUSIONS 
 

New analyses, in addition to those of previous 

workers (Muhar 1956, Adams 1970) suggest that 
neither Tansinhokella nor Spiroclypeus occur in 

deposits of Early Oligocene age, in Tc or Td Letter 

Stages. Observation indicates a succession from 
probably Operculina to Heterostegina (Vlerkina) then 

Tansinhokella and reportedly Spiroclypeus (at least 

in western Tethys) during the Late Eocene, then 

disappearance at a time of mass foraminiferal 

extinction [c. 33.8 Ma]. This was followed by a period 
with only the evolute Planostegina and rare maturo-

evolute Heterostegina (Heterostegina), after which 

was a repeated evolution from Heterostegina 
(Vlerkina) to Tansinhokella to Spiroclypeus. The 

occurrence of intermediate, transitional, forms is 

important in proving that the interim period with no 

record of the taxa was due to a true extinction event, 

and not just temporary migration of species to an 

un-sampled refuge. Also the coeval timing of the re-
appearance of Tansinhokella and then Spiroclypeus 

in three widely spaced locations indicates an 

evolutionary, not facies or biologically controlled 

migratory, cause (although, for comparison, the 
migration of Eulepidina, Nephrolepidina and 

Neorotalia mecatepecensis out of the Americas and 

across the Tethyan Ocean at base Td seems to have 
been a remarkably rapid migration and a 

biostratigraphic datum). 

 
The second, iterative evolution of Tansinhokella is 

seen in the stratigraphic record at about 27 to 27.5 

Ma in the three widely spaced locations studied. We 
have highlighted some uncertainty on the generic 
classification of Spiroclypeus granulosus from the 

Priabonian of Italy, and certainly the type illustration 

is of a form not as morphologically advanced as the 
Te4-Te5 Spiroclypeus forms illustrated here. In spite 

of a deliberate search, Spiroclypeus s.s. has still not 

yet been recorded in the Indo-Pacific Eocene. Its (?re-
) evolution in the latest Oligocene of the Indo-Pacific 
is not as accurately dated as for Tansinhokella, but 

seems to be in the latest Oligocene, roughly at 24.5 
Ma, after the evolution of Miogypsinoides, but before 

the evolution of Miogypsina. Heterostegina (Vlerkina) 

became extinct very close to the Lower Te (Te1-4)- 

Upper Te (Te5) boundary, with a few reliable records 
of this species overlapping with the Te5 marker 
Miogypsina, roughly 22 to 22.5 Ma. Spiroclypeus and 

Tansinhokella became extinct [along with Eulepidina] 

in an event that defines the top of Te Letter Stage, at 

about 20½ Ma; Lunt and Allan 2004) 

 
As Eames et al (1962) pointed out, there is a record 
of Heterostegina (Vlerkina) borneensis with 

Miogypsina in Te5 in the Solomon Islands, SW 
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Pacific (Coleman and McTavish, 1964), but in SE 

Asia, during the regional, carbonate-rich “Bebuluh 

Transgression” of Te5 (Umbgrove, 1938, Tan 1939) 
there are no verified records of Heterostegina 

(Vlerkina). However Heterostegina (Vlerkina) 
assilinoides was found with Miogypsina (Te5) at the 

type location, in southern Turkey, as noted in 

Banner and Hodgkinson (1991, p. 266). As a result it 
is thought that Heterostegina (Vlerkina) became 

extinct in basal Te5 times.  

 
At the moment there are no morphological criteria to 
separate the Late Eocene Heterostegina (Vlerkina), 

Tansinhokella or Spiroclypeus from the later 

Oligocene forms, so the same name must be used for 

both occurrences. 

 

This study supports Muhar’s (1956) reintroduction 
of the mid Oligocene evolution of Tansinhokella as 

defining the base of Te2 which, as noted above, is 

now placed at about 27.5 Ma (GTS04). 

 

If this evidence, from good sample coverage of a 

gradually evolving and particularly distinct 
morphology, is taken as proof of iterative evolution, it 

leads to the hypothesis that this phenomenon could 

be more common than currently thought in 

genetically simple organisms; but possibly 

unrecognised if morphologies lack gradual stages. 
Iterative evolution has long been described in 

foraminifera (e.g. Cifelli 1969, Haq and Boersma, 

1978) where the repeated occurrence of simple 

features (keels, clavate chambers, cortex, secondary 

apertures etc.) has been plotted through time. The 

repeated evolution of simple test forms is seen in the 
well-known example of Globigerinoides subquadratus 
and G. ruber (Cordey 1967, Blow 1979; Stainforth et 

al. 1975, Bolli & Saunders 1985). However there is 

an almost tautological inevitability that if a test is 

simple enough (lacking distinct features) then 

variation over time must involve repeated expression 
of apparently identical features. Secondary apertures 

are hard to evolve with any distinct (differentiating) 

characteristics and might, or might not, be repeated 

playing-out of the same gene. On the other hand, 

keels seem to be an artificial, homeomorphic rather 

than iterative group, as Norris (1991) and others 
have shown that there are five different ways to build 

a keel. However Norris also concluded that "since the 

same type of keel structure evolved independently in 

closely related lineages, similar genetic rules for keel 

construction may have been inherited repeatedly 
from unkeeled common ancestors." 

 
The importance of this example, from Heterostegina 

(Vlerkina) to Spiroclypeus, is that it adds significant 

weight to the notion of true iterative evolution of a 

genetic series, and not just basic, almost 

unavoidable, homeomorphism. The iterative series 
described here shows repetition of the well-known 

evolutionary processes seen in larger foraminifera, 

including heterochrony, increased [presumed 

haploid/ diploid] dimorphism, and the orthogenetic 

trend towards the radial, three-layered "orbitoid" 
test. 

 

The distinct features of larger foraminifera, such as 

the orbitoid test, might allow this group to become a 

comparative benchmark for possible examples of 
iterative evolution in other microfossil groups. By 

proving the concept could other studies tentatively 

recognise the possibility of iterative evolution in 

simpler morphologies that lack gradualism, but have 

interrupted stratigraphic ranges. Such candidate 

interruptions are currently ignored or explained as 
"re-working". 

 

Examination of a range of microfossils and smaller 

macrofossils could address the question: is there a 

level of increased morphological complexity (as a 
proxy for genetic complexity) at which such 

interesting phenomena (iterative, gradual and 

orthogenetic evolution) disappear?  

 

The example of foraminiferal evolution given here 

contrasts with recent ideas on evolution of 
microscopic tests evolving at random, not subjected 

to evolutionary pressures ("neutral morphologies"; 

Bonner 2013). Bonner suggests radiolarian tests 

shapes could be time-persistent random exaptations, 

(a term defined by Gould & Vrba in 1982; a feature 
that is an unselected consequence of selection 

elsewhere in the organism). The data discussed in 

this paper suggest evolutionary pressure is acting on 

microfossil tests, but this pressure is perhaps weak, 

as shown by the length of time it takes to go through 

gradual stages, and apparently at different rates in 
the two iterations. 

 

Bonner proposed that the rules of evolution appear 

to change with physical scale; a general feature that 

foraminiferal data supports (e.g. gradualism over 
geological time and orthogenesis; both features rare 

or absent in the macrofossil fossil record). This paper 

highlights the important role that larger 

foraminifera, with their excellent fossil record and 

detailed morphologies, can play in contributing to an 

active area of biological research. 
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ABSTRACT 

 
A detailed biostratigraphic study was conducted to determine the spatial and temporal 
relationships between the Miocene Halang and Pemali Formations in Central Java.  We studied 
calcareous nannofossils from a 1.4 km thick outcrop section of the Halang Formation at Loh Pasir 
to document biostratigraphic changes in the Banyumas area. The marine Halang Formation 
shows three types of lithofacies, predominantly mixed sandy and muddy in the upper part and 
muddy and sandstone facies in the lower part. We identified 57 species of 13 genera of 
calcareous nannofossils in 121 samples, which could be divided into five Late Miocene biozones. 
These zones are Discoaster brouweri, Discoaster hamatus, Discoaster bollii, Discoaster 
prepentaradiatus and Discoaster quinqueramus. Our results are consistent with previous 
biostratigraphic work in the Karanggedang 1 well location, except in the lower part of this 
formation, due to the lack of Catinaster coalitus in the Loh Pasir section. 

 
 

 

 

INTRODUCTION 
 

The Halang Formation is widely distributed in 

Majalengka towards Banyumas and it consists of 

sandstone, mudstone, marl, tuff, and minor 

breccias. In the recent publication of Lunt et al. 
(2009) the Halang formation was interpreted to 

unconformably underlie the Pemali Formation. In 

contrast, previous studies (Kastowo and Sumarna 

1996, Asikin et al. 1992, Djuri et al. 1996) indicated 

the Halang Formation was deposited on the top of 

Pemali Formation. However, despite the ecent study 
by Lunt et al. (2009) there is still uncertainty on 

correlations between continuous records in surface 

and subsurface sections. Therefore, we will deploy 

biostratigraphic study on outcrops of the Halang 

formation in the Banyumas area to correlate with 

results of core KRG01 from the Pertamina Karang 
Gedang 1 well. 

 

The age of the Halang Formation was historically 

estimated between Middle Miocene and Pliocene 

(Mulhadiyono 1973; Sujanto and Sumantri 1997, 
Kastowo and Sumarna 1996, Asikin et al. 1992, 

Djuri et al. 1996). In contrast, Lunt et al. (2009) 

determined the age of this formation as Late 

Miocene. A detailed biostratigraphic study of 

planktonic foraminifera in the Gunung Wetan 

section in the Banyumas sub-basin was performed 
by Kadar (1986). First occurrences of 
Neogloboquadrina acostaensis and Globorotalia 
plesiotumida were used as markers for the basal 

boundary of the Halang Formation, while the upper 

part of the Halang formation is marked by first 

occurrences of Pulleniatina primalis, followed by first 

occurrences of Sphaeroidinella subdehiscens 
praedehiscens and Globoquadrina dehiscens. This 

also documented a Late Miocene age for the Halang 

Formation. 

The objectives of this study are to document and 

illustrate the biostratigraphic record for the Halang 

Formation in the Banyumas area and to correlate it 

to the KRG01 cores (Lunt et al., 2009).  
 

 

MATERIAL AND METHODS 
 
The material of the present work includes 121 

samples from the Halang Formation,  from a 

measured section at Kali Pasir (Loh Pasir) in the 

Banyumas region, located at latitude 108°59’37"E 

and longitude 7°29’37”S (Figure 1).  This is in the 

Sumatra/Java magmatic arc region, which is 
bordered in the north by the Northwest Java Basin 

part and in the south by the Sumatra-Java Fore-arc 

Basins. 

 

Our lithofacies descriptions follow the Nichols (2009) 
method for submarine fan facies. Lithofacies were 

identified from four convenient representative models 

based on the characteristics and volume of the 

sediment supplied to the submarine fan. Four 

representative lithofacies are gravel, sandy, mixed 

sandy and muddy, and mud.  
The calcareous nannofossils were separated from the 

studied samples, and then identified by using a 

polarized microscope with x1000 magnification in oil 

immersion. Photographs of nannofossil were 
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prepared at the Research and Development Center 

for Oil and Gas Technology (Lemigas). We used the 
first and last occurrence datum levels from Martini 

(1971) and Okada & Bukry (1980) to interpret the 

biostratigraphic succession in the Halang Formation. 

 

 

RESULTS AND DISCUSSION 
 

Lithofacies  

 

Lithofacies of Halang formation are dominated by 
mixed sandy and muddy facies, with relatively minor 

mudstone and sandstone facies at the bottom part of 

the Halang Formation (Figure 2). 

 

A. Mixed sandy and muddy facies 

The upper part of Halang Formation is composed of 
mixed sandy and muddy facies of interbedded 

sandstones and siltstones with some limestone 

layers. The thickness of this facies is 1040 meters, 

and is the dominant facies in the Loh Pasir section. 

This facies is characterized by classical turbidites 
with some repetitions from the bottom to the upper 

part of this section. Typical turbidite types in the 

bottom part include thick sandstone (50-150 cm) 

with partial Bouma sequences such as Tabc, Tbcd, 

Tbc, or thin single layer Tc beds. In contrast, the 

upper parts of this section are dominated by 
mudstone and thin layers of sandstone (20-50 cm 

thick), with more single layer Tc and rare Tabc, Tab 

and Tab Bouma sequences. 

Figure 1. Loh Pasir section, Banyumas and KRG01 core,e located in the Sumatra-Java magmatic 

arc. Base map is from United States Geological Survey (USGS) and the interval contour is 100m. 
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Figure 2. Lithofacies types of the Halang Formation. Mixed sandy and muddy facies are 
dominant in the upper part of the formation. 
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B. Muddy facies 

The Muddy facies consists of claystone and 

intercalated sandstone (10-20 cm thick) with laminar 

bedding. The thickness of this facies is 230 m and is 
near the bottom of the Kali Pasir section. 

 
C. Sandstone facies  

The Sandstone facies is in the lowest part of this 

section with a thickness of more than 40 m. This 

sandstone is characterized by black sandstone; 

moreover, with andesitic breccias clasts up to gravel 

and boulder size and with mud clasts. 

 

BIOSTRATIGRAPHY 
 

We found 57 species of calcareous nannofossils, 

belonging to 12 genera. The stratigraphic ranges of 
identified species are given in Figures 3a, b and c. 

Figure 3a. Nannofossil assemblages of Halang Formation in Loh Pasir, Banyumas (1). 
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Figure 3b. Nannofossil assemblages of Halang Formation in Loh Pasir, Banyumas (2). 
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Figure 3c. Nannofossil assemblages of Halang Formation in Loh Pasir, Banyumas (3). 
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The biozonation used in this work (Figure 4) is based 
on the calcareous nannofossil zonation of Martini 

(1971) and Okada and Bukry (1980). According to 

the stratigraphic ranges of calcareous nannofossils 

in the section, five Late Miocene zones (NN8-NN11) 

can be identified from the bottom to the upper part 
of this section. 

 
1. Discoaster brouweri zone (NN8) 
We propose Discoaster brouweri zone for the lowest 

part of Kali Pasir section. Martini (1971)  identified 

NN8 as Catinaster coalithus zone, but as this species 
was not found in our location, we used Discoaster 
brouweri  to name this basal zone. It is defined from 

the occurrence of Discoaster brouweri to the first 

occurrence of Discoster hamatus. This zone is 

recorded from the lower part of the Halang 

Formation with a thickness of about 240m. It is 

characterized by the following calcareous 
nannoplankton species: Calcidiscus leptoporus, 
Calcidiscus macintyrei, Calcidiscus tropicus, 
Coccolithus pelagicus, Dictyococcites productus, 

Figure 4. Nannofossil events and marker species of the Halang Formation in Loh Pasir section: 
1. Discoaster quinqueramus; 2. Discoaster prepentaradiatus; 3. Discoaster bolli; 4. Discoaster 
brouweri; 
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Discoaster bellus, Discoaster brouweri, Discoaster 
deflandrei, Discoaster exilis, Discoaster intercalaris, 
Discoaster variabilis, Helicosphaera intermedia, 

Helicosphaera kamptneri, Helicosphaera orientalis, 
Pontosphaera discopora, Pontosphaera multipora, 
Pontosphaera sutellum, Pontosphaera syracussana, 
Reticulofenestra minuta, Reticulofenestra minutula, 
Reticulofenestra pseudoumbilica, Sphenolithus abies, 
Sphenolithus compactus, Sphenolithus grandis, 
Sphenolithus heteromorphus, Sphenolithus 
moriformis, Thoracosphaera sp., Umbilicosphaera 
jafarii, and Umbilicosphaera rotula.  

This zone is assigned to the Late Miocene. In the 

Banyumas area, it is equivalent to NN8 zone in 

KRG01 (Lunt et al., 2009). However, the index 
marker species of Catinaster coalithus was found in 

our location.  

 
2. Discoaster hamatus zone (NN9) 

This zone was established by Bramlette and 

Wilcoxon (1967), emended by Martini (1971). This 

zone is defined between the first and last 
occurrences of Discoaster hamatus. It was recorded 

in the Halang Formation at Kali Pasir with a 
thickness of 80m. The name Discoaster hamatus 

zone (NN9) is in agreement with Martini (1971) and 

Lunt et al. (2009). This zone ccontains the following 
calcareous nannofossils: Calcidiscus leptoporus, 
Calcidiscus macintyrei, Calcidiscus tropicus, 
Coccolithus pelagicus, Dictyococcites productus, 
Discoaster bellus, Discoaster bollii, Discoaster 

brouweri, Discoaster deflandrei, Discoaster exilis, 
Discoaster hamatus, Discoaster intercalaris, 
Discoaster neohamatus, Discoaster surculus, 
Discoaster variabilis, Helicosphaera intermedia, 
Helicosphaera granulate, Helicosphaera kamptneri, 
Helicosphaera orientalis, Pontosphaera discopora, 
Pontosphaera multipora, Pontosphaera sutellum, 
Pontosphaera syracussana, Reticulofenestra minuta, 
Reticulofenestra minutula, Reticulofenestra 
pseudoumbilica, Sphenolithus abies, Sphenolithus 
compactus, Sphenolithus grandis, Sphenolithus 
heteromorphus, Sphenolithus moriformis, 
Thoracosphaera sp., Umbilicosphaera jafarii, and 

Umbilicosphaera rotula. The age of this zone is Late 

Miocene. This zone is equal to KRG01 results on 
NN9 (Lunt et al., 2009). 

 
3. Discoaster bolli zone (lower NN10) 
We propose Discoster bolli zone as a subzone of the 

Discoaster calcaris zone (NN10), which was originally 

established by Martini (1969). Discoaster bolli zone is 

used following Okada and Bukry (1980) and this 
zone is defined by the last occurrence of Discoaster 
hamatus at its base and the last occurrence of 

Discoaster bollii at the top. This zone is 290m thick 

in the Halang Formation and contains Calcidiscus 
leptoporus, Calcidiscus macintyrei, Calcidiscus 
tropicus, Coccolithus pelagicus, Dictyococcites 
productus, Discoaster asymmetricus, Discoaster 

bellus, Discoaster bollii, Discoaster brouweri, 
Discoaster deflandrei, Discoaster exilis, Discoaster 
intercalaris, Discoaster neohamatus, Discoaster 
neorectus, Discoaster pseudovariabilis, Discoaster 
surculus, Discoaster variabilis, Helicosphaera 

intermedia, Helicosphaera granulata, Discoaster 
pentaradiatus, Helicosphaera kamptneri, 
Helicosphaera orientalis, Helicosphaera stalis, 

Pontosphaera discopora, Pontosphaera multipora, 
Pontosphaera sutellum, Pontosphaera syracussana, 
Reticulofenestra minuta, Reticulofenestra minutula, 
Reticulofenestra pseudoumbilica, Rhandosphaera 
procera, Sphenolithus abies, Sphenolithus compactus, 
Sphenolithus grandis, Sphenolithus heteromorphus, 
Sphenolithus moriformis, Thoracosphaera sp., 
Umbilicosphaera jafarii, and Umbilicosphaera rotula.  

This zone is assigned to the Late Miocene. In the 

Banyumas area zone NN10 zone  was defined by LO 
of Discoaster hamatus and FO of Discoaster 
quinqueramus by Lunt et al. (2009). Within this zone, 

Discoaster loeblichi and Discoaster neorectus are 

used for additional species. However, we prefer to 
use the marker species Discoaster bollii, as 

established by Okada and Bukry (1980). 

 
4. Discoaster prepentaradiatus zone (upper NN10) 
Another subzone within the Discoaster calcaris 

(NN10) zone of Martini (1971) is proposed to apply 
Discoaster prepentaradiatus zone in the Halang 

Formation succession. This zone is defined by last 
occurrence of Discoaster bolli and the first 

occurrence of Discoaster quinqueramus. The 

thickness of this zone is 280 m in the Kali Pasir 
succession. It is characterized by Calcidiscus 
leptoporus, Calcidiscus macintyrei, Calcidiscus 
tropicus, Coccolithus pelagicus, Dictyococcites 
productus, Discoaster asymmetricus, Discoaster 
bellus, Discoaster brouweri, Discoaster deflandrei, 
Discoaster exilis, Discoaster intercalaris, Discoaster 
neohamatus, Discoaster neorectus, Discoaster 
surculus, Discoaster variabilis, Helicosphaera 
intermedia, Helicosphaera granulata, Discoaster 
pentaradiatus, Discoaster prepentaradiatus, 
Helicosphaera kamptneri, Helicosphaera orientalis, 
Helicosphaera stalis, Pontosphaera discopora, 
Pontosphaera multipora, Pontosphaera sutellum, 
Pontosphaera syracussana, Reticulofenestra minuta, 
Reticulofenestra minutula, Reticulofenestra 
pseudoumbilica, Rhandosphaera procera, 
Sphenolithus abies, Sphenolithus compactus, 

Sphenolithus grandis, Sphenolithus heteromorphus, 
Sphenolithus moriformis, Thoracosphaera sp., 

Umbilicosphaera jafari, and Umbilicosphaera rotula. 

The age of this zone is late Miocene. The top of this 
zone can be used to correlate with the top of first 
occurrence of Discoaster quinqueramus at KRG01 

(Lunt et al., 2009). In contrast, the base of this zone 

is not useful for correlation with KRG01. 

 
5. Discoaster quinqueramus zone (NN11) 
This zone was originally established by Gartner 

(1969c) and emended by Martini (1971). It is defined 
at the base as the first occurrence of Discoaster 
quinqueramus and the top of this zone is undefined 

due to lack of marker species of NN11 zone. This 

zone is 580m thick at the Kali Pasir succession. It is 
characterized by Calcidiscus leptoporus, Calcidiscus 
macintyrei, Calcidiscus tropicus, Coccolithus 
pelagicus, Dictyococcites productus, Discoaster 
asymmetricus, Discoaster berggrenii, Discoaster 
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bellus, Discoaster brouweri, Discoaster deflandrei, 
Discoaster exilis, Discoaster intercalaris, Discoaster 
neohamatus, Discoaster neorectus, Discoaster 

surculus, Discoaster variabilis, Helicosphaera 
intermedia, Discoaster pentaradiatus, Helicosphaera 
kamptneri, Helicosphaera orientalis, Helicosphaera 
sellii, Helicosphaera wallichii, Pontosphaera 
discopora, Pontosphaera multipora, Pontosphaera 
sutellum, Pontosphaera syracussana, 
Reticulofenestra minuta, Reticulofenestra minutula, 
Reticulofenestra pseudoumbilica, Rhandosphaera 
procera, Sphenolithus abies, Sphenolithus compactus, 
Sphenolithus grandis, Sphenolithus heteromorphus, 
Sphenolithus moriformis, Thoracosphaera sp., 

Umbilicosphaera jafarii, and Umbilicosphaera rotula. 

It is assigned to the Late Miocene, and is equivalent 
to that of Lunt et al. (2009) In the Banyumas area. 

 

Figure 5 compares our zonation with the zonation 

proposed by Lunt et al. (2009). 

 

Some selected representative index calcareous 
nannofossils are illustrated in Figure 4 and Plates 1 

and 2. Full names of species cited in the text are 

given in the captions of Plates 1 and 2. 

 

 

CONCLUSIONS 
 

We conclude that biostratigraphic zonations in 

Halang Formation outcrops in the Banyumas area 

are equivalent to the proposed zonation in the 

Karang Gedang 1 well core location. Nannofossil 

datums demonstrate the similar index fossils in the 
upper part of Halang Formation, i.e. FO Discoaster 
quinqueramus, LO Discoaster hamatus, FO 
Discoaster hamatus and an additional proposed 

datum of FO Discoaster bolli. However in the lower 

part of Halang Formation, we could not find FO 
Catinaster coalitus. We propose the occurrence of 

Discoaster brouweri as a marker for the lower part of 

Halang Formation.  
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Pertamina Karang Gedang 1 well (Lunt et al., 2009) 
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Plate 1- Representative calcareous nannofossil species: 1. Sphenolithus heteromorphus Deflandre (1953), 2. 
Sphenolithus heteromorphus Deflandre (1953), 3. Helicosphaera perch-nielseniae Haq (1971), 4. 
Reticulofenestra pseudoumbilica (Gartner 1967), 5. Helicosphaera walbersdorfensis Müller (1974b), 6. 
Helicosphaera intermedia Martini (1965), 7. Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) 

Bukry (1971a), 8. Reticulofenestra minutula (Gartner, 1967) Haq and Berggren (1978), 9. Reticulofenestra 
minuta Roth (1970), 10. Reticulofenestra minutula (Gartner, 1967) Haq and Berggren (1978), 11. 
Reticulofenestra minuta Roth (1970), 12. Pontosphaera discopora Schiller (1925), 13. Umbilicosphaera 
rotula (Kamptner, 1956) Varol (1982), 14. Calcidiscus macintyrei (Bukry and Bramlette, 1969b) Loeblich & 

Tappan (1978), 15. Umbilicosphaera jafarii Müller (1974b), 16. Dictyococcittes productus (Kamptner 1963) 

Backman (1980), 17. Discoaster pentaradiatus Tan (1927) emend. Bramlette & Riedel (1954), 18. 
Calcidiscus tropicus Kamptner, 1956 sensu Gartner, 1992, 19. Calcidiscus leptoporus (Murray and 

Blackman, 1898) Loeblich & Tappan (1978), 20. Helicosphaera kamptneri Hay & Mohler in Hay et al., 

(1967), 21. Pontosphaera multipora (Kamptner 1948) Roth (1970), 22. Sphenolithus moriformis 
(Brönnimann and Stradner, 1960) Bramlette & Wilcoxon (1967), 23. Sphenolithus moriformis (Brönnimann 

and Stradner, 1960) Bramlette & Wilcoxon (1967), 24. Rhabdosphaera procera Martini (1969), 25. 
Rhabdosphaera procera Martini (1969), 26. Helicosphaera stalis Theorodilis (1984), 27. Sphenolithus abies 
Deflandre, 28. Sphenolithus compactus Backman (1980), 29. Sphenolithus abies Deflandre, 30. 
Helicosphaera sellii Bukry & Bramlette (1969b), 31. Helicosphaera wallichii (Lohman, 1902) Boudreaux & 

Hay (1969), 32.Helicosphaera orientalis Black (1971a) and33. Coccolithus pelagicus (Wallich, 1877) Schiller 

(1930) 
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Plate 2-. Additional representative calcareous nannofossil species: 1. Discoaster berggrenii Bukry (1971b), 

2. Discoaster quinqueramus Gartner (1969c), 3. Discoaster deflandrei Bramlette & Riedel (1954), 4. 
Sphenolithus heteromorphus Deflandre (1953), 5. Discoaster deflandrei Bramlette & Riedel (1954), 6. 
Discoaster brouweri Tan (1927) emend. Bramlette & Riedel (1954), 7. Discoaster calcaris Gartner (1967), 8. 
Discoaster intercalaris Bukry (1971a), 9. Helicosphaera sellii Bukry & Bramlette (1969b), 10. 
Rhabdosphaera procera Martini (1969), 11. Calcidiscus tropicus Kamptner, 1956 sensu Gartner, 1992, 12. 
Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) Bukry (1971a), 13. Discoaster 

prepentaradiatus Bukry & Percival (1971), 14. Coccolithus pelagicus (Wallich, 1877) Schiller (1930), 15. 
Discoaster bollii Martini & Bramlette (1963), 16. Discoaster berggrenii Bukry (1971b), 17. Calcidiscus 
macintyrei (Bukry and Bramlette, 1969b) Loeblich & Tappan (1978), 18. Discoaster bellus Bukry & Percival 

(1971), 19. Helicosphaera kamptneri Hay & Mohler in Hay et al., (1967), 20. Calcidiscus leptoporus (Murray 

and Blackman, 1898) Loeblich & Tappan (1978), 21. Discoaster neohamatus Bukry & Bramlette (1969b), 

22. Discoaster variabilis Martini & Bramlette (1963), 23. Discoaster asymmetricus Gartner (1969c). 
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ABSTRACT 

 
The biostratigraphic ranges of identified larger benthic and planktonic foraminifera from Tertiary 
exposures in East Java Basin have been tied to the ages constrained from the Strontium isotope 
dating of some of the most abundant large benthic foraminifera. Foraminiferal assemblages and 
Strontium data have provided precise age ranges of the different stratigraphic units. The age of 
the exposed Lower Kujung Formation is late Early Oligocene (Rupelian P20) to Late Oligocene ( 
Te1-4), equivalent to 28.78- 28.27 Ma). The age of the exposed Upper Kujung Formation is Late 
Oligocene, Chattian ( P22, Te1-4) to Early Miocene (Aquitanian, N5a, Te5),  equivalent to 24.31- 
23.44 Ma. The age of the exposed Tuban Formation is late Early Miocene, (Burdigalian) to Middle 
Miocene (Langhian, N5b-N9, Te5-Tf1), equivalent to 20.80- 15.25 Ma. The age of the exposed 

Ngrayong Formation is late Middle Miocene (Serravallian, N12-N13, Tf2), equivalent to ~15.0- 
~13.0 Ma. Age boundaries between the lithostratigraphic units were determined as: Upper 
Kujung- Tuban (22 Ma), Tuban-Ngrayong (15.25 Ma) and Ngrayong -Bulu Member of the 
Wonocolo Formation (12.98 Ma). 

 

 

 

 

INTRODUCTION 
 

Larger benthic foraminifera (LBF) are very abundant 

in the Cenozoic deposits of the Indo-Pacific region. 

They have been described from many localities in 
Indonesia, The Philippines and Japan. Most LBF 

taxa have long stratigraphic ranges. However, well-

established genera are morphologically distinct and 

have different stratigraphic ranges (see BouDagher-

Fadel and Banner, 1999; BouDagher-Fadel, 2008). 

The co-occurrence of planktonic foraminifera and 
LBF in the same section is a rare opportunity to 

refine the biostratigraphic ranges of some of these 

LBF. 

 

The main objectives of this paper are to refine the 
biostratigraphic framework of Oligocene-Miocene 

outcrops in the East Java Basin (EJB), to calibrate 

the stratigraphic ranges of the identified foram 

assemblages with the geochronology from their 

Strontium isotopic compositions, and to describe 

and illustrate the larger foraminifera species present 
in the NE Java outcrops. This paper builds on work 

of Sharaf et al. (2006). 

Little work has been published on the Tertiary 

sequence in the East Java Basin. Previous 

paleontological studies in this area include Duyfjes 
(1936, 1938), Van Bemmelen (1949), Muhar (1957), 

Bolli (1966), Brouwer (1966), Van der Vlerk and 
Postuma (1967), Pringgoprawiro et al. (1977),  Van 

Vessem (1978), Ardhana et al. (1993), Lunt et al. 

(2000) and Sharaf et al. (2006). We follow the 

lithostratigraphic nomenclature established by 

Bataafsche Petroleum Maatschappij/ BPM (1950) 
and JOB Pertamina-Tuban (1990) as cited by 
Ardhana et al. (1993). The results of our 

stratigraphic work on the Oligo-Miocene stratigraphy 

of NE Java Basin are very similar to that in the 

recent book 'The sedimentary geology of Java' (Lunt, 

2013). 
 

 

GEOLOGIC AND STRATIGRAPHIC SETTING 
 
The study area is located within the Rembang and 

northern Randublatung physiographic zones of Van 

Bemmelen (1949) in NE Java. The Rembang Zone 

consists of series of E-W oriented hills with maximum 

elevation of about 500 m (Figure 1). Those hills generally 

represent anticlines that may or may not be faulted. The 
Randublatung Zone is south of the Rembang Zone and 

represents a physiographic depression that contains 
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folds such as Pegat and Ngimbang anticlines (Duyfjes, 

1938).  

 
Oligocene-Miocene outcrops in the EJB include 

carbonates, shale and sandstones that are rich in 

coralline algae, corals, larger benthic and planktonic 

foraminifera. The chronostratigraphy is based on a 

synthesis of all the paleontological data available and 
strontium isotope dating of selected field samples. 

The biostratigraphy from index foraminifera is in 

agreement with the ages constrained by strontium 

isotope analyses (Figure 2).  

 

The Oligocene-Miocene stratigraphic units of interest 
of this work in East Java are the Kujung, Tuban and 

Ngrayong Formations and the Bulu Member of the 

Wonocolo Formation. The stratigraphic units are 

summarized below: 

 
1. Kujung Formation 

The Kujung Formation is the oldest exposed 

formation in the study area (Figure1). The age of the 

Kujung Formation has been established as latest 

Early Oligocene (Rupelian, P20) to Early Miocene 

(Aquitanian N4) (Najoan 1972; Duyfjes 1941; cited in 
Lunt et al. 2000). It is subdivided into three 

sedimentary packages. The exposed lower Kujung is 

represented by reefal carbonates (Darman and Sidi, 

2000). The middle Kujung consists of interbedded 

shale and chalk lithologies rich in planktonic 

foraminifera. The upper Kujung forms a resistant 
ridge (Prupuh Ridge, near Prupuh village; Figure 1), 

which consists of interbedded chalky carbonates and 

graded-bedded grainstone with scour surfaces and 

load cast features (Sharaf et al., 2005). These 

lithologies are also known as the Prupuh Member 
carbonates (Figure 2).  

 

2. Tuban Formation 

The Tuban Formation is widely exposed along the 

EJB (Figure1). It has been dated as Burdigalian to 

Langhian (Ardhana et al., 1993). The Tuban 
lithologies are highly variable. The Tuban Formation 

is interpreted as a mixed carbonate-siliciclastic shelf 

with prograding deltas intertonguing with shelfal 

carbonates and buildups (Sharaf et al., 2005). The 

Tuban sandstone and carbonate lithologies are well 
exposed in western Rembang area, while the Tuban 

shale lithologies are thicker and more abundant in the 

eastern Rembang area. The Tuban carbonates are 

highly fossiliferous and are characterized by massive 

coral-rich beds, LBF- rich bedded shelf strata and red-

algal thick-bedded carbonates. The Tuban shale 
consists of massive, featureless, green shale rich in 

planktonic foraminifera.  

 

Figure 1. Geologic map of East Java showing the main stratigraphic units, main areas and localities of Sr 
isotope samples. Modified after Pringgoprawiro et al. (1992), Van Vessem (1992) and Sharaf et al. (2005). 
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3. Ngrayong Formation 

The Ngrayong Formation is well exposed in quarries and 
river banks along the Lodan Anticline and Prantakan 

River (Figure 1). The age of the Ngrayong unit is Middle 

Miocene (Ardhana et al. 1993, Lunt et al. 2000). The 

exposed Ngrayong succession is rarely fossiliferous. The 

formation consists at the base of argillaceous fine sand 
and shale, that grade upward into interbedded fine to 

medium-grained quartz sands with thin mudstones 

layers and coal seams. The Ngrayong Formation is 

interpreted as a prograding tidal delta (Sharaf et al., 

2005).  

 
4. Bulu Limestone Member of Wonocolo Formation 

The Wonocolo Formation in the study area consists of a 

basal carbonate (Bulu Member), overlain by a thick 

succession of shale and marl with thin sandstone 

intervals. The Bulu Member forms a massive, resistant 
carbonate bench (10-20 m thick). The carbonate facies 

are mainly thick-bedded, rich in LBF and planar corals, 

and sandy fossiliferous. The Bulu Member truncates the 

underlying Ngrayong Formation; and is of Late 

Serravallian-Early Tortonian age, based on the presence 
of Katacycloclypeus annulatus (Plate 1, Figs. 9-10; 

Ardhana et al., 1993; Lunt et al., 2000 and Sharaf et al., 

2006).  
 

 

BIOSTRATIGRAPHY 
 
Larger Benthic Foraminifera and long-range benthic 

foraminifera such as operculinids, amphisteginids, 

miliolids, textularids and lagenids are very abundant in 

the East Java Basin. Identified LBF assemblages show 

lateral variation in abundance from one locality to the 

other, confirming their facies dependence. In our 
definitions of stratigraphic ranges, we primarily use 

the planktonic foraminiferal zonal scheme of 

BouDagher-Fadel (2013), which is tied to the time 

scale of Gradstein et al. (2004). This scheme is 

developed from the calibration of the N-zonal scheme 
of Blow (1979), and the M-zonal scheme of Berggren 

(1973), which has been recently revised by Wade et 

al. (2011). In this paper the planktonic foraminiferal 

zonal scheme of BouDagher-Fadel (2013) is also 

correlated with the larger benthic zonation cited in 

BouDagher-Fadel & Banner (1999) and later revised 
by BouDagher-Fadel (2008). 

 

Figure 2. Summary of stratigraphy and ages for stratigraphic units in East Java Basin. Modified after 
Sharaf et al. (2006). 
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Few index species have been described from the shale 

and chalk samples. Few exceptions are from the chalky 

beds of the Prupuh Ridge, the top of the Prantakan 

River and Mahindu outcrop, where the beds are rich in 

planktonic assemblages of long geologic range such as 
Globigerina woodi, Globigerinoides sacculifer, Orbulina 
sp. and Orbulina suturalis.  

 

The LBF assemblage of the Upper Oligocene, Lower 
Kujung Fm, is dominated by Spiroclypeus sp., 

Heterostegina borneensis, Eulepidina ephippioides, 
Eulepidina richthofeni, Lepidocyclina banneri, 
Lepidocyclina sp., Eulepidina formosa, 
Miogypsinoides sp. and Miogypsinella boninensis and 

the index planktonic foraminifera Globigerina 
ciperoensis described from a shale sample near Dandu 

village, eastern Rembang area. 

 

The Upper Kujung Formation is of Upper Oligocene-

Lower Miocene age (Chattian-Aquitanian, P22-N4, Te1-4 
-Te5) age. LBF assemblages are dominated by 
Eulepidina formosa, Eulepidina ephippioides, L. (N.) 
parva, L. (N.) morgani, L. (N.) verbeeki, L. (N) 
sumatrensis, Miogypsina sabahensis, Miogypsinoides 
dehaarti, Spiroclypeus sp. and Flosculinella sp.. The 

chalk beds are characterized by a planktonic 
assemblage of Globoquadrina dehiscens, 

Globigerinoides quadrilobatus and Globigerinoides 
trilobus. Two shale samples collected along Prupuh 

Ridge are rich in Globorotalia kugleri and Globigerinoides 
primordius. 

 

The Tuban Formation sandy carbonates are of Early-

Middle Miocene age (Burdigalian-Langhian, N5-N9, 
equivalent to upper Te5-Tf1), defined by Eulepidina 

formosa and Miogypsina tani (Figure 3). The Tuban 

carbonates are highly fossiliferous at the Prantakan 

area (Figure 1). The association at this area consists 
of Austrotrillina howchini, Lepidocyclina (N.)  ferreroi, L. 
(N.)  martini, Eulepidina sp., L. delicata, L. (N.) 
stratifera, L. (N.) inflata, L. (N.) angulosa, L. (N.) 
brouweri, L (N.) tournoueri, L. (N.) irregularis, L. (N.) 
kathiawarensis, Miogypsina digitata, and 
Katacycloclypeus annulatus. To the east, in the 

Mahindu area (Fig. 1), the dominant LBF’s are 
Lepidocyclina (N.) verbeeki, Miogypsina sp., 

Miogypsinoides sp., and Katacycloclypeus annulatus. 

Farther to the west (Dermawu village, Fig. 1), the 
association consists of Lepidocyclina (N.) verrucosa, L. 
(N.)  ferreroi, L. (N.) sumatrensis and Katacycloclypeus 
annulatus. The bed on top of the Tuban carbonates 

in the Mahindu area contains the planktonic 
foraminifers Globorotalia praemenardii, Orbulina sp. 
and O. suturalis. 

Figure 3. Correlation between larger benthic foraminiferal assemblages identified from East Java and their 
stratigraphic ranges. Modified after Sharaf et al., (2006).  
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The Late Serravallian Bulu Limestone assemblage (N12 

and younger, stage Tf2) is characterized by dominance 
of Katacycloclypeus annulatus, Lepidocyclina (N.) 

ngampelensis, Orbulina sp. and Orbulina suturalis. 

 
 

SYSTEMATIC DESCRIPTIONS OF LARGER 
BENTHIC FORAMINIFERA 
 

The systematic taxonomy of Foraminifera is still 

undergoing active revision. The recognition of the 

Foraminifera as a class has emerged from biological 

research over the past two decades, including 

molecular systematics that is revealing the very early 
divergence of the Rhizaria, which includes the 

Granuloreticulosa from other protoctistan lineages 

(e.g., Pawlowski and Burki, 2009). Below, we follow 

Lee’s (1990) elevation of the Order Foraminiferida to 

Class Foraminifera, and the concomitant elevating of 
the previously recognized suborders to ordinal level. 

 

Class FORAMINIFERA Lee, 1990 

Order ROTALIIDA Delage and Herouard, 1896 

Superfamily ASTERIGERINOIDEA d’Orbigny, 1839 

Family LEPIDOCYCLINIDAE Scheffen, 1932 

Subfamily LEPIDOCYCLININAE Scheffen, 1932 

Genus Eulepidina Douville, 1911 

Eulepidina ephippioides (Jones and Chapman) 

Orbitoides (Lepidocyclina) ephippioides Jones and 

Chapman, 1900, pl. 20, fig. 9, pl.21, fig. 1. 

Eulepidina ephippioides (Jones and Chapman, 

BouDagher-Fadel and Price, 2010, Fig. 7. 1-6. 

Dimensions: Maximum measured length 6mm. 

Remarks: Many authors have combined American 

with similar Tethyan species on the basis of their 

morphological similarity, such as the American 
Oligocene species E. favosa and the Indo-Pacific 

species E. ephippioides (see BouDagher-Fadel and 

Price, 2010). E. ephippioides is a form described from 

the Indo-Pacific province with a small embryon (0.8 
mm) but with the proloculus broadly attached to the 

median chambers. In this study it is found in the 

upper Oligocene and Lower Miocene, Lower Kujung. 

 

Eulepidina formosa (Schlumberger) 

Plate 2, fig. 9 

Lepidocyclina formosa Schlumberger 1902, p. 251, 

pl. 7, figs. 1-3. 

Eulepidina formosa BouDagher-Fadel and Price, 

2010, Fig. 10.7. 

Dimensions: Maximum measured length 5mm. 

Remarks: Eulepidina formosa is characterized by the 

four angles of the test prolonged into tapering rays, 

the size of the deuteroconch is 0.8 mm. 

Distribution: This species was originally described 

from the Miocene of Borneo. In this study it is found 

in the Lower Miocene deposits (Te5) of East Java.  

 

Lepidocyclina (Lepidocyclina) Gumbel, 1870; 

emend. BouDagher-Fadel and Banner, 1997. 

Lepidocyclina banneri  BouDagher-Fadel, Noad 

and Lord, 2000 

Plate 2, fig. 7 

Lepidocyclina banneri BouDagher-Fadel, Noad and 

Lord 2000, p. 348, pl. 1, figs. 5-6. 

Dimensions: Maximum measured length 4mm. 

Remarks: This species is characterized by its 

possession of massive pillars in the centrum of the 

strongly biconvex test. Much narrower hyaline pillars 

are scattered over the whole of the lateral sides of 
the test. L. banneri is broadly biconvex in form in 

comparison with L. delicata. 

Distribution: This species was originally described 

from the Gomantong Limestone from the Upper Te, 

Aquitanian-Burdigalian, of NW Borneo. In this study 

it is found in the Upper Chattian of the Lower 

Kujung Formation in East Java, Kujung area. 

 

Lepidocyclina delicata Scheffen 1932 

Plate 2, fig. 3-4 

Lepidocyclina delicata Scheffen 1932, p. 18, pl. 1, fig. 

4; BouDagher-Fadel, and Wilson 2000, p. 153, pl. 1, 

fig. 5; BouDagher-Fadel et al., 2000b, p. 348, pl. 1, 

figs. 7-8. 

Dimensions: Maximum measured length 20mm. 

Remarks: Lepidocyclina delicata is characterised by 

the dark, very finely, microgranular pillars which are 

restricted to the inner lateral layers of the centrum 
only. Beyond these pillars, hyaline, glossy radial 

pillars are to be found radiating from the inner 

layers of the centrum to the outer surface. 

Distribution: L. delicata Scheffen ranges from middle 

Tf1 to Tf2 (Langhian- early Serravallian). It was first 

described from Java. BouDagher-Fadel et al. (2000b) 
recorded L. delicata from the Tf2 of the Darai 

Limestone in central south Papua-New Guinea. It 
has been found in Kalimantan with Katacycloclypeus 

in the early Serravallian (Tf2) by BouDagher-Fadel 

and Wilson (2000) and from the Tf2 (Serravallian) of 

the Sadeng section (SAD) in the Gunung Sewu area 

of South Central Java by BouDagher-Fadel et al. 

(2000b). In this study it was found in the Tf1 Letter 
stage of late Burdigalian- Langhian age of East Java, 

Gabalan outcrop, Rembang west. 

 

Lepidocyclina stratifera Tan Sin Hok 1935 

Plate 2, figs. 1, 2B 

Lepidocyclina stratifera Tan Sin Hok 1935, p. 9, pl. 

1(4), figs. 1-3, pl.2(5), fig.11, pl.3(6), fig.9, pl. 4(7), 

fig.1, pl. 1, fig. 1. 

Lepidocyclina (Nephrolepidina) stratifera Tan Sin 

Hok;  Barberi et al. 1987, pl. 4, figs. 4, 11; 
BouDagher-Fadel and Wilson 2000, p. 154, pl. 1, fig. 

3, pl.2, fig. 6; BouDagher-Fadel 2002, p. 164, pl. 3, 

fig. 10. 

Maximum measured length 4mm. 
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Remarks: L. stratifera has a biconvex test with many 

layers of low cubiculae, in which their platforms are 

as thick as or thicker than the cubicular lumena. 

Club-shaped hyaline pillars are developed from the 

outer periphery of the centrum to the surface of the 

test. 

Distribution: L. stratifera was first described from 

Java. It was found together with Miogypsina, 
Katacycloclypeus and Trybliolepidina, an assemblage 

characteristic of Tf2, middle Serravallian. Barberi et 
al. (1987) reported L. stratifera from the Tf1 

(Burdigalian-Langhian) of the carbonate sequence of 

the Island of Sumbawa, Indonesia. It was described 

by BouDagher- Fadel and Wilson (2000) in Tf1 of 
eastern Borneo, Kalimantan. BouDagher-Fadel 

(2002) recorded similar forms from the Tf1and Tf2 

(Serravallian) of the Gunung Sewu area of South 

Central Java. In this study it was also found in the 

Tf1 Letter stage of Late Burdigalian-Langhian age in 

the Prantakan area. 

 

Genus Lepidocyclina Douville, 1911. 

Subgenus Nephrolepidina Douville, 1911 

Lepidocyclina (Nephrolepidina) ferreroi Provale 

1909 

Plate 1, figure 4C, Plate 2, fig. 6 

Lepidocyclina ferreroi Provale 1909, p.70, pl.2, figs 7-

13. 

Lepidocyclina (Nephrolepidina) ferreroi Provale.; Noad 

and Lord 2000, pl.2, figs 2-9. 

Lepidocyclina (Nephrolepidina) ferreroi Provale; 

BouDagher-Fadel, Noad and Price, 2010, fig. 13.7. 

Dimensions: Maximum measured length 3.6mm. 

Remarks: The species is characterized in having a 

quadrate protoconch, a quadrilateral test, depressed 

medially but with a median layer which has 4 high, 

pillared, lateral lobes and high, numerous cubiculae 

with relatively thin wall. 

Distribution: Lepidocyclina (Nephrolepidina) ferreroi 

with a quadrate protoconch were found in the 

Burdigalian-Langhian of SE Kalimantan. In this 

study it is found in the Tf1 Letter stage in the west 

Rembang and Mahindu areas. 

 

Lepidocyclina (Nephrolepidina) kathiawarensis 
Chatterji 1961 

Plate 2, fig. 2 

Lepidocyclina (Nephrolepidina) kathiawarensis 

Chatterji 1961, p. 429, pl. 2, fig. 9. 

Dimensions: Maximum measured length 4mm. 

Remarks: This species is characterized by having a 

bilocular embryonic apparatus typical of a 

tryliolepidine type. 

Distribution: This species was first described from the 

upper Burdigalian of western India. In this study it 

was found in Letter stageTf1in  the Prantakan area. 

 

Lepidocyclina (Nephrolepidina) ngampelensis 

Gerth 

Lepidocyclina (Nephrolepidina) ngampelensis Gerth, 

in Caudri 1939, p. 159, pl. 1, figs. 3-4. 

Dimensions: Maximum measured length 5mm. 

Remarks: This species is characterized by very low, 

thick floored cubiculae, with strong pillars scattered 

along the centre of the test. 

Distribution: This species was found in in the 

Serravallian (Tf2) of the Darai Limestone. Our 

specimens were found in the Tf2 of the Prantakan 

River section. 

 

Lepidocyclina (Nephrolepidina) sumatrensis 

(Brady 1875) 

Plate 2, fig. 10 

Orbitoides sumatrensis Brady 1875 p. 536, pl. 14, 

fig. 3a-c. 

Lepidocyclina (Nephrolepidina) sumatrensis (Brady). – 

Cole 1957, p.343, pl. 104, figs. 1-9, pl. 105, fig. 18, 

pl. 106, fig. 5, pl. 109, figs. 1-3; Chaproniere 1983, 

p. 41, pl. 3, figs. 11, 12, pl. 5, figs. 9-12, pl. 6, figs. 

1-10; Chaproniere 1984, p. 66, pl. 10, figs. a-c, pl. 

22, fig.14, pl. 23, figs. 1-7, pl. 26, figs. 15, 16, fig.21; 
Barberi et al. 1987, pl. 5, fig. 3, pl. 6, fig. 4;  

BouDagher-Fadel and Wilson 2000, p. 156, pl. 2, fig. 

4; BouDagher-Fadel 2000b, p. 352, pl. 3, fig. 2. 

Dimensions: Maximum measured length 5mm. 

Remarks: This species is characterized by a strongly 

biconvex species with a narrow equatorial flange and 

with many small, narrow pillars. 

Distribution: Brady (1857) described L. (N.) 

sumatrensis from the “Early Tertiary” of Nias Island, 

W Sumatra, Cole (1957) from the Upper Te of 

Saipan, Chaproniere (1983, 1984) from the 

Oligocene- Miocene of Australia, while those of 

BouDagher-Fadel and Wilson (2000) were from the 
Tf1 of East Kalimantan. The specimens of 

BouDagher-Fadel et al. (2000b) were from the 

Gomantong Limestone, Upper Te of north Borneo. 
BouDagher-Fadel et al. (2005) recorded L. (N.) 

sumatrensis from the Tf1 and Tf2  of Rongkop 

section (SAD) in the Gunung Sewu area of South 
Central Java. In this study it is found in the Tf1 of 

late Burdigalian- Langhian age in the East 

Dermawu, and Prantakan areas.  

 

Lepidocyclina (Nephrolepidina) verrucosa 

Scheffen 1932 

Plate 2, fig. 8D 

Lepidocyclina verrucosa Scheffen 1932, p. 33, pl. 7, 

figs. 2-4, p. 13, fig. 4.  

Lepidocyclina verrucosa Scheffen 1932; BouDagher-

Fadel and Wilson 2000, p. 156, pl. 2, figs. 7-8. 

Dimensions: Maximum measured length 3.5mm. 

Remarks: This species is characterized by possessing 

pairs of pillars radiating from about the fifth layer of 

cubiculae to the surface, the pillars diverging at an 

angle of about 60°. 
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Distribution: L. (N.) verrucosa was first described from 

Tf2 of Java. BouDagher-Fadel  and Wilson (2000) 

found similar forms in the Tf1 Letter stage of East 

Kalimantan and in Tf1 of the Darai Limestone in 

Papua. In this study it is found in the Tf1 letter stage 
(late Burdigalian- Langhian) of the East Dermawu 

outcrop. 

 

Superfamily NUMMULITACEA de Blainville 1827 

Family CYCLOCLYPIDAE BouDagher-Fadel, 2002 

Genus KATACYCLOCLYPEUS Tan Sin Hok 1932 

Katacycloclypeus annulatus (Martin 1880) 

Plate 1, figs. 9-10 

Cycloclypeus annulatus Martin 1880, p. 157, pl. 28, 

figs. 1a-1i; Douville 1916, p. 30, pl. 6, figs. 2,3 [not 

pl. 5, fig. 6, pl. 6, figs. 1-4). 

Cycloclypeus (Katacycloclypeus) annulatus Martin; 

Cole 1963, p.E19, pl. 6, fig. 13, 14; pl. 7, fig. 7, pl. 8, 

figs. 4-6, 8-11, pl. 9, figs. 14, 17. 

Katacycloclypeus annulatus (Martin); BouDagher-

Fadel and Wilson 2000, p. 157, pl. 3, fig. 8, pl. 4, fig. 

2; BouDagher-Fadel 2002, p. 168, pl. 3, fig. 1. 

Dimensions: Maximum measured length up to 6mm 

(even on a broken specimen) 

Remarks: This species is characterized by having a 

large, thin test with a central umbo surrounded by 

several widely spaced annular inflations of the solid 

lateral walls. 

Distribution: K. annulatus was first described from 

the lower Miocene of West Java. Cole (1963) reported 

it from the Tertiary of Guam and Fiji. Similar forms 

were found in the Tf2, of eastern Sabah and the 

Darai Limestone of Papua New Guinea, while those 

of BouDagher-Fadel and Wilson (2000) came from 

the Tf2 (lower Serravallian) of Kalimantan. 
BouDagher-Fadel (2002) recorded this form the 

lower Miocene of the Tacipi Formation, Sulawesi. In 

this study, similar forms occurred in the Tf2 (lower 

Serravallian) of the Prantakan outcrop (sample 

PR.2), Prantakan River and Mahindu areas. 

 

Family MIOGYPSINIDAE Vaughan 1929 

Genus MIOGYPSINELLA Hanzawa 1940 

Miogypsinella boninensis Matsumaru 1996 

Plate1, fig. 1 

Miogypsinella boninensis Matsumaru 1996, p. 50, pl. 

5, figs. 1-7; pl. 6, figs. 1-12; pl. 7, figs 1-16; Fig. 23-

4;  BouDagher-Fadelet al. 2000, p. 144, pl. 2, figs. 1, 

2, 4. 

Dimensions: Maximum measured length 1mm. 

Remarks: M. boninensis is characterised by having a 

biconvex test with several umbilical plug-pillars. The 

embryonic chambers near the apex are followed by 

nepionic chambers disposed in a trochoid spire. 

Distribution: This form was first described from the 

Upper Oligocene of Japan. In this study, similar 

forms occur in the Lower Te (Upper Oligocene) of NE 

Borneo (BouDagher-Fadel, Lord and Banner 2000). 

This species is here found in the Lower Te of the 

Kujung area. 

 

Genus MIOGYPSINOIDES Yabe and Hanzawa 1928 

Miogypsinoides dehaarti (Van Der Vlerk 1924) 

Plate 1, figs. 2, 3 

Miogypsina dehaarti Van Der Vlerk 1924, p. 429-

431, Figs. 1-3. 

Miogypsinoides dehaarti (Van Der Vlerk); Cole 1957, 

p. 339, pl. 111, figs. 5-16; Van Der Vlerk 1966, pl. 1, 

figs. 1-6, pl. 2, figs. 1-3. 

Miogypsina (Miogypsinoides) dehaarti Van Der Vlerk;  

Raju 1974, p. 80, pl. 1, figs. 19-25; pl. 3, fig. 8; pl. 4, 
figs. 2-4. BouDagher-Fadel, Lord and Banner 2000, 

p. 145, pl. 2, fig. 5. 

Miogypsinoides dehaarti (Van Der Vlerk); 

BouDagher-Fadel and Price 2013, figs. A2r and s; 

figs. A3a, b and n; fig. A4d. 

Dimensions: Maximum measured length 1.5mm. 

Remarks: M. dehaarti has very thick lateral walls and 

is smooth exteriorly lacking pillars. The equatorial 

chambers are ogival in shape. The large spherical 

proloculus is followed by an equally large 

deuteroconch.  

Distribution. This species was first described from 

the Early Miocene of Larat, Molluccas, East 

Indonesia.It was subsequently found in the late 
Aquitanian and Burdigalian of Borneo, Cyprus 

(BouDagher-Fadel and Lord 2006) and Turkey 

(Matsumaru et al. 2010). Raju (1974) registered the 

occurrence of this species in the Indo-Pacific and 

Mediterranean regions. BouDagher-Fadel et al. 

(2000c) found similar forms in the Upper Te of NE 
Borneo, and is known in Papua New Guinea to range 

up into Tf1 (lower Langhian). It was also figured from 

the Middle Burdigalian, Subis Formation in Borneo, 

late Burdigalian of the Castelsardo section in N 

Sardinia and late Aquitanian of Sulawesi 

(BouDagher-Fadel 2008, BouDagher-Fadel and Price 
2013). This species is here found in the Lower Te5 

(Lower Aquitanian) of the Prupuh outcrop. 

 

Genus MIOGYPSINA Sacco 1893 

Miogypsina digitata Tan Sin Hok 1937 

Plate 1, fig. 8 

Miogypsina (Miogypsina) kotoi Hanzawa forma 
digitata Tan Sin Hok 1937, p. 101, pl. 2, figs. 1-5, 

fig. 1a. 

Miogypsina digitata Tan Sin Hok; BouDagher-Fadel, 

Lord and Banner 2000, p.146, pl.3, fig.7. 

Dimensions: Maximum measured length 1mm. 

Remarks: This form is characterized by having oval 

median chambers and numerous fine pillars. 

Distribution: It was found by BouDagher-Fadel et al. 

(2000c) in the lower Burdigalian, Upper Te, of North 

East Borneo. In this study it is found in the Tf1 

Letter stage ( upper Burdigalian) of East Java.  
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Miogypsina kotoi Hanzawa 1931 

Plate 1, fig. 6 

Miogypsina kotoi Hanzawa 1931, p.154, pl.25, figs 

14-18.; Miogypsina kotoi Hanzawa, BouDagher-Fadel 

2008, p. 484, plate 719, figs. 6 and 8.BouDagher-

Fadel and Price 2013, figs A3c- d and figs A6a-b. 

Dimensions: Maximum measured length 2.5 mm. 

Remarks: This species is distinguished in having oval 

median chambers, small thick-walled, but strongly 

convex cubicula. It has a biserial nepiont that is 

strongly asymmetrical, with biometric factor between 

30 and 40. It is distinguished in having ogival 

median chambers, which are small, thick-walled and 

strongly convex. 

Distribution: Miogypsina kotoi was first described 

from the Burdigalian of Japan. BouDagher-Fadel 
and Wilson (2000) and BouDagher-Fadel (2008) 

reported it from the Tf1 of East Kalimantan. 

BouDagher-Fadel and Lokier (2005) recorded similar 

forms from the Tf1 and Tf2 (Serravallian) of Djatirago 

and the Gunung Sewu area of South Central Java. It 
is also recorded from the Early Miocene (Middle 

Burdigalian) of Kalimantan and Borneo (BouDagher-

Fadel and Price, 2013). In this study it is found in 

the Tf1 Letter stage (late Burdigalian- Langhian) of 

Prantakan River. 

 

Miogypsina sabahensis BouDagher-Fadel, Lord 

and Banner 2000 

Miogypsina sabahensis BouDagher-Fadel, Lord and 

Banner 2000, p. 147, pl.3, figs. 4-6. 

Dimensions: Maximum measured length 1.6mm. 

Remarks: This species is characterized by having 

massive and heavy pillars when seen in vertical 

section. 

Distribution: M. sabahensis was first described from 

the Upper Te of Burdigalian age of E Sabah and in 

the Tf1 (Burdigalian-Langhian) of Kalimantan 

(BouDagher-Fadel et al. 2000c). This species is 
found here in Te5, lower Miocene of the Prupuh 

outcrop.  

 

Miogypsina tani Drooger 1952 

Plate 1, fig. 5, Plate 5, fig. 5b 

Miogypsina (Miogypsina) tani Drooger 1952, p. 26, 

51, 52, pl. 2, figs. 20-24; Raju 1974, p. 82, pl. 1, 

figs. 26-30; pl. 5, fig. 5; Wildenborg 1991, p. 113, pl. 
4, figs. 1, 2, tabs. 19; BouDagher-Fadel, Lord and 

Banner 2000, p.147, pl.3, figs 4-6; BouDagher-Fadel 

2008, p. 437, plate 7.8, fig. 1; BouDagher-Fadel and 

Price 2013, p. 574,  pl. 3, fig 19. 

Dimensions: Maximum measured length 3mm.  

Remarks: This species is distinguished by having a 

long megalospheric nepionic coil of auxiliary 

chambers, low cubiculae with inflated roofs and 

many scattered pillars.  

Distribution: This species was first described from 

Costa Rica. Similar forms have a wide distribution in 

the American, Mediterranean and Indo-Pacific 

regions.  It was found in the Upper Te (Aquitanian) of 

Italy and southern Spain (Raju 1974) and Borneo 

(BouDagher-Fadel et al., 2000c). It was recorded in 

the Tf1 letter stage of East Java and the Early 
Langhian of Sumatra (BouDagher-Fadel 2008). It 

was also reported from the late Burdigalian of 

Corsica (Ferrandini et al.2010), the Early Miocene 

(Aquitanian) of onshore and offshore Brazil (De Mello 

e Sousa et al. 2003, BouDagher- Fadel and Price 

2010). It is here figured from the Middle Burdigalian 
Subis Formation, Borneo (BouDagher-Fadel and 

Price, 2013). In this study it is found in the Lower 

Tf1 Letter stage of late Burdigalian age in the West 

Rembang and Mahindu areas. 

 

Genus Lepidosemicyclina Rutten 1911 

Lepidosemicyclina banneri BouDagher-Fadel and 

Price, 2013 

Lepidosemicyclina banneri BouDagher-Fadel and 

Price, 2013, p. 206, Fig. A6q–w. 

Miogypsina tani Drooger; Sharaf et al., 2006, pl. 3, 

fig. 1b. 

Dimensions: Maximum measured length 6 mm. 

Description: An elongated Lepidosemicyclina with a 

circular protoconch occupying a place between 

centre and edge of the test, and a smaller reniform 

deuteroconch that lines up with the protoconch 

closer to the apex of the test. In axial view chambers 

are very small, supported by pillars and stacked in 

irregular rows on the median chambers. In 
equatorial view, chambers are irregular and 

hexagonal in shape. 

Distribution: Mahindu area. 

 

 
STRONTIUM ISOTOPE 
CHRONOSTRATIGRAPHY 
 

Strontium isotope chronostratigraphy was used to 

calibrate the biostratigraphic ages of the exposed 

Oligocene-Miocene outcrops in the EJB (Figure 2) 
Strontium isotope data from the lower Kujung 

Formation, provides an age range of 28.78+ 0.74 Ma to 

28.20+ 0.74 Ma corresponding to Early to Late 

Oligocene, latest Rupelian- respectively, (Early P21) (see 

BouDagher-Fadel, 2013). The index planktonic 
foraminifera Globigerina ciperoensis from the middle 

Kujung shale/chalk indicates correlation with Zone of 

P22 for this interval.  Strontium isotope dating of two 

samples from the upper Kujung (Sukowati village and 

west of Dandu village, gives ages of 23.44+ 0.74 Ma 

and 24.31+ 0.74 Ma (Late Oligocene), correlating with 

Zone (P22).   
 

The oldest sandy carbonate unit exposed of Tuban 

Formation has an age of 20.80 + 0.74 Ma. Tuban 

carbonates yield an age of 20.17+0.74 Ma (base of 

Burdigalian, N5) to 15.25 +1.36 (base of Langhian, N9). 
Two samples separating the Tuban carbonates from the 

Ngrayong Formation yield ages of 15.34 +1.36 Ma and 

15.25+1.36 Ma. The Bulu Member from the base of 

the section at Prantakan River reveals an age of 
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12.98+1.36 Ma corresponding to the Serravallian age 

(N12).  

 

 

CONCLUSIONS 
 

The age of exposed Lower Kujung Formation is late 

Early Oligocene, Rupelian P20-Late 
Oligocene,Chattian, P21 respectively) based on 

identified foraminifera and strontium dating. The 

faunal assemblage in Prupuh Ridge area indicates 

that the exposed Upper Kujung (shale, chalk and 

turbidites) are rich in larger benthic and planktonic 

foraminifera with stratigraphic range of Early 

Miocene Aquitanian age (Te5) which is equivalent to 

Zone N4 of Blow (1969; see BouDagher-Fadel, 2008; 
BouDagher-Fadel, 2013). Strontium isotope dating of 

the Prupuh carbonates exposed at Sukowati village 

and along the western side of Prupuh Ridge gives an 

age of Late Oligocene (Chattian) to Early Miocene 

(Aquitanian) equivalent to Zones P22 to N5a (see 
BouDagher-Fadel, 2013). The Tuban outcrops have a 

long stratigraphic range from Upper Te5-Tf1 

(Burdigalian- Langhian, see BouDagher-Fadel, 

2008), which is equivalent to Zones N5b-N9 

(BouDagher-Fadel, 2013). The studied carbonate 

beds from Mahindu and Prantakan outcrops 
confirmed the presence of Orbulina sp. and Orbulina 
O. suturalis suggesting an age of late Langhian (N9, 

see BouDagher-Fadel , 2013) for the top of the 

Tuban. This is consistent with the age constrained 

from strontium dating of the shale unit at the top of 

Prantakan outcrop.  
 

The Bulu Member of the Wonocolo Formation is 

characterized by faunal assemblage of late Mid –Late 

Miocene age (Serravallian –Tortonian). The strontium 

dating of the Bulu carbonates exposed at Prantakan 

River is consistent with the age range obtained from the 
LBF. 

 

The co-occurrence of both coralgal benthic 

planktonic foraminifera rocks in the carbonate facies 

of the Oligocene and Miocene of EJB is a rare 
opportunity for correlating the biostratigraphic 

framework of this region. 
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Plate 1 

 
Fig. 1. Miogypsinella boninensis Matsumaru 1996. Equatorial slice of a megalospheric 

section. Sample loc. 06° 58' 33.6" S, 112° 08' 52.6" E, Dandu village, Kujung anticline, x80. 
 
Figs 2-3. Miogypsinoides dehaarti (Van Der Vlerk). Vertical axial sections showing the solid 

lateral walls. Sample loc. 06° 55' 13.9"S, 112° 26' 56.8" E, Prupuh  section, 2, megalospheric 

form, x50; 5, microspheric form, x20.  

 
Fig. 4. A. Lepidosemicyclina banneri BouDagher-Fadel   and Price. B, Cycloclypeus sp. C. 

Lepidocyclina (Nephrolepidina) ferreroi Provale. Sample loc. 06° 58' 33.6" S, 112° 08' 52.6" E, 

Prantakan section, x7. 

 
Fig. 5. Miogypsina tani Drooger. Sample loc. 06° 58' 33.6" S, 112° 08' 52.6" E, Prantakan 

section, x5. 

 
Fig. 6. Miogypsina kotoi Hanzawa, Sample loc. 06° 55' 29.5"S, 111° 52' 34.4"E, Hargorento 

village, x13. 
 
Fig. 7. Katacycloclypeus martini (Van Der Vlerk), Sample loc. 06° 57' 02.2"S, 112° 29' 49.4"E, 

Bungah area, x16. 

 
Fig. 8. Miogypsina digitata Drooger. Sample loc. 06° 55' 13.9"S, 112° 26' 56.8" E, Prupuh 

section, x25. 
 
Fig. 9-10.  Katacycloclypeus annulatus Martin.  Axial section, Sample loc. 07° 02' 11.4"S, 

111° 55' 23.2"E, x14; 10.  Equatorial sections. Sample loc. 06° 55' 39.6" S, 112° 27' 32.7" E, 

Pantjn area, x25. 

 
Fig. 11. Spiroclypeus sp. Axial section. Sample loc. 06° 54' 27.1"S, 112° 23' 51.9"E, x20. 
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Plate 2 

 
Fig. 1. Lepidocyclina stratifera Tan Sin Hok, Sample loc. 06° 58' 33.6" S, 112° 08' 52.6" E, 

Prantakan section, x11. 

 
Fig. 2. Lepidocyclina (Nephrolepidina) kathiawarensis Chatterji, oblique equatorial section 

showing a quadrate protoconch strongly embraced by a deuteroconch. Pillars are present 

only towards the periphery in our specimens, however towards both ends of the test. B) 
Lepidocyclina stratifera Tan Sin Hok. Sample loc. 06° 58' 33.6" S, 112° 08' 52.6" E, Prantakan 

section, x10. 

 
Figs 3-4. Lepidocyclina delicata Scheffen, 3. Oblique equatorial section, 4. Axial section. 

Sample loc. 07° 01' 14.8"S, 111° 55' 44.7"E, Mahindu section, x10. 

 
Figs 5. A) Vertical axial section. Lepidocyclina (Nephrolepidina) subradiata (Douvillé). B) 
Miogypsina tani Drooger. ×12. 

 
Fig. 6. Thin section photomicrograph of Lepidocyclina (Nephrolepidina) ferreroi Provale. 

Sample loc. 06° 58' 33.6" S, 112° 08' 52.6" E, Prantakan section, x23. 

 
Fig. 7. Lepidocyclina banneri BouDagher-Fadel, Noad and Lord. Axial section showing 

massive pillars in centrum. Sample loc. 06° 54' 27.1"S, 112° 23' 51.9" E, Kujung Anticline, 
x20. 

 
Fig. 8. A. Amphistegina sp., B. Lepidocyclina (Nephrolepidina) oneatensis COLE, C. 

Lepidocyclina (Nephrolepidina) sumatrensis (Brady). D. Lepidocyclina (Nephrolepidina) 

verrucosa (Scheffen).Sample loc. 7° 1' 6.02'' S, 112° 1' 56.35'' E. East Dermawu section, ×39. 

 
Fig. 9. Eulepidina formosa (Schlumberger). Sample loc. 06° 55' 29.5"S, 111° 52' 34.4"E, 

Hargorento village, x10. 
 
Fig. 10. Lepidocyclina (Nephrolepidina) sumatrensis (Brady), Sample loc. 7° 1' 20.17'' S, 111° 

51' 14.4'' E, Prantakan River, x40. 
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ABSTRACT 

 
Three fossil teeth reported from the Upper Cretaceous of West Timor are the only known fossils of 
Mosasaurus-type marine reptiles in the eastern Tethys region. However, there is some 
uncertainty about the exact locality of origin of these fossils. 

 

 

 

 

INTRODUCTION 
 

During the last few million years of the Cretaceous, 

large marine reptiles of the globidensine mosasaurs 

group (Squamata: Mosasauridae) diversified to 
successfully exploit a wide range of niches in the 

marine ecosystem (e.g., Schulp, 2006; Polcyn et al., 

2013). Although by Maastrichtian times the 

Globidensini reached a global distribution, the 
durophagous taxa within Globidensini (i.e. Globidens 
and Carinodens) so far have only been reported from 

the Tethyan-Atlantic realm and the Western Interior 

Seaway of North America (Polcyn et al., 2010; Mulder 

et al., 2013), with one single exception: the holotype 
lot of Globidens timorensis von Huene 1935, two 

tooth crowns reported from Timor, the easternmost 
Sunda Islands. 

 

Since the description in 1935, no other occurrences 

of durophagous mosasaurs have been reported from 

outside the greater Atlantic-Tethyan realm (Figure 1). 
This renders this isolated occurrence at Timor 

somewhat puzzling. To make matters more 

complicated, the available details on the exact 
provenance and age of the Globidens timorensis 

holotype are rather ambiguous. 

 
The recent publication of two new species of 
Globidens from Morocco and the United States 

(Bardet et al., 2005; Martin, 2007) and new material 

Figure 1 .Generalized Late Cretaceous palaeogeographical map of worldwide durophagous globidensine 
mosasaur occurrences. Modified from Polcyn et al. (2010) and Mulder et al. (2013). 
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from Angola (Polcyn et al., 2010) has greatly 

improved our understanding of the morphology, 

evolution and paleobiogeography of these 

durophagous mosasaurs. Considering the 
biogeographic importance of the occurrence in 

Timor, we here present a brief investigation into the 

collection history of the specimen, and a discussion 

of its age assignment. 

 

 
HISTORICAL OVERVIEW 

 
The holotype lot of Globidens timorensis von Huene 

(1935) is presently stored in the collections of 

Naturalis Biodiversity Center in Leiden, the 

Netherlands. Initially, the fossils were part of a larger 
collection which was split in two parts. One part 

went to the Technical University, Delft and the other 

to the Geological Institute, later Zoological Museum, 

of the University of Amsterdam. It remains unclear 
which part contained the Globidens timorensis 

fossils, but presumably it was the first, as the teeth 
were sent from Delft to Friedrich Von Huene. 

 

The two holotype teeth are registered in the Naturalis 

collections as NBC-RGM 14690 and NBC-RGM 

14691 (Figures 2A and 2B). The first author also 
noticed a third tooth in the same collection, 

resembling affinities to the holotype lot. 
Interestingly, this third tooth does not correspond to 

the additional tooth illustrated as Fig. 3 in Von 

Huene (1935) and also briefly mentioned in De 

Beaufort (1926). The third tooth is registered as 
NBC-RGM T6296 and illustrated here in Figure 2C. 

 

 

Confusion exists as to the provenance of the 

holotype material. Two localities were mentioned by 

Von Huene  (1935): “Oë Batok II” and “near Niki-
Niki” (see Figure 3). Erika von Huene did not visit the 

sites herself; she received the two teeth (14690 and 

14691) from her father, Friedrich von Huene, who in 

turn had received them from J.H.F. Umbgrove, who 

at the time was in charge of the fossil collection of 

the Technical University Delft . According to 

Umbgrove, the teeth were found in the vicinity of 

Baoen (also spelled Baung; it is near Oë Batok). Von 
Huene doubted this, as the Oë Batok locality is 

known as a locality with blocks of Late Triassic 

cephalopod limestones (Von Huene, 1935; p. 414):  
“Es handelt sich dabei um einen Block von Karn. Nor. 
Trias mit Ammoniten, Aulacoceras, Heterastridium, 
die Ammoniten sind von Diener-Arthaber-Pachukas 
beschrieben und bestimmt. Von einem Vorkommen 
von Ober-kreide oder gar Mosasaurus an dieser 
Lokalität wird kein Wort gesagt. Dies ist auffallend 
und läβt an eine nachträgliche Fundortsverwachslung 
denken. Andererseits ist nach meiner Meinung nicht 
ausgeschlossen, daβ in der Umgebung von Baung.. 
(Baoen)... ein gleiches Kreidevorkommen existiert, wie 

an der ca. 90. km NO gelegenen Lokalität Noil [sic!] 
Tobe.” 

 

Nonetheless, the two teeth in the Dutch collection 

are described from “Baung”, but a mix-up of 
localities could be involved. We believe that there is a 

distinct possibility that the two teeth came from the 

Noil Tobe site near Niki-Niki, 90 km North-East of 

Baoen, just like the third tooth in the initial 

description, which was at the time in the collection 
of Prof. Wanner in Bonn. At the Noil Tobe site, 

Lamnid sharks were found, suggesting a Cretaceous 

instead of Triassic age (Burck, 1923, p. 44 and De 

Beaufort, 1923). As circumstantial evidence, shark 

material as described by De Beaufort (1923) 
accompanies the Globidens timorensis holotype in 

the same drawer. 

 

An attempt to reconstruct the provenance and 
collecting history of the Globidens timorensis 

holotype, requires retracing the footsteps of the 

expeditions in the area in Dutch colonial times. In 
the early 20th century three geological expeditions 

took place in West-Timor. The first two were partly 

simultaneous expeditions, a German-funded one led 

by J. Wanner (1911) and a Dutch-funded one led by 

G.A.F. Molengraaff 

(1910-1911). The 
focus of these 

expeditions was on 

the general geology of 

Timor (Molengraaff, 

1918), but abundant 
fossil material was 

collected by both 

expeditions, all of 

which was then made 

available for studies 

to Wanner and co-
workers, and results 

were published in 30 

monographs in the 

voluminous series  

'Palaeontologie von 
Timor' (1914-1928). 

No Cretaceous age 

fossils or sediments 

were mentioned in 

Figure 2. A-B Holotypes of Globidens timorensis teeth (A: NBC-RGM 14690; B: 
NBC-RGM 14691). C: Additional fragmentary tooth in holotype collection (NBC-RGM 
T6296). 
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the Molengraaff (1918) journal. 

 

A third Timor expedition ('2e Nederlandsche Timor-
Expeditie') in 1916, led by geologists H.G. Jonker, 

H.D.M. Burck and L.J.C. Van Es, focused on 

collecting additional Permian and Triassic fossil 

material from sites already identified by the 

Molengraaff and Wanner expeditions (Burck, 1923). 

Numerous fossils were documented and collected 
from different locations, and it seems likely that the 
Globidens material was collected during this 

expedition, but there is no reference to the material 

in the journal of this expedition, even though the 

location Oë Batok was mentioned (Burck, 1923, p. 
31-32): “In this river, which, like Bihati, is a tributary 
of Noil Kasimoeti, three cephalopod blocks were found 
in close proximity of each other. Two of these blocks, 
Oë Batok I and II, were situated across one and 
another, leaving only a narrow passage to the water 

flowing in between them. Both blocks were cubic and 
have a similar content. The third block, Oë Batok III, 
was located not far downstream and from its 
appearance suggested a different fossil content (No 
samples were taken from this block). The first two 
blocks were unusually rich in fossils. Although only 
two blocks were sampled, the amount of fossils 
collected makes Oë Batok one of the richest localities”. 

 

Although the characteristics of the two first blocks 

are not described, the fossil content is summarized: 

ammonites, Aulacoceratidae, belemnites and 
Heterastridium, an Upper Triassic hydrozoan (Burck, 

1923, p. 32). The third block located slightly 

downstream had a different appearance; a limestone 
containing ammonites, Aviculidae molluscs (Halobia 

or Daonella), brachiopods and few crinoids and 

Aulacoceratidae (Burck, 1923, p. 32). However, there 
is no mention of fossil reptile teeth. All fossils 

present in the Oë Batok rocks are characteristically 

Triassic (e.g. McRoberts, 1997). 

 
As the Globidens teeth in the holotype lot lack 

adhering sediment, there is no chance of obtaining 

an age determination through micropaleontological 

means. An age assignment therefore, has to be based 

on collection records or additional field work. An 

attempt to reconstruct or narrow down the 
provenance (and age) based on available maps 

proved difficult: Timor has a complex geological 

history with sediments ranging in age from Permian 

to Quaternary. These sediments were deformed 

during the collision between Australia and South 

East Asia (Audley-Charles, 1968 and many other 
papers).  

 

According to the early-20th-century expedition 

journals, the fossil sites visited during the 1916 

expedition are all located in Triassic (Oë Batok) or 
Permian sediments (Toenioen En(n)o). Van Es (1925) 

published a geological map of western Timor, most 

likely based on the information gathered by the three 

expeditions. Oë Batok is situated in the south-west 

of the island of Timor (Figure 2). According to the 

1925 map, Upper Pliocene- Lower Pleistocene and 
Upper Triassic sediments are present at these 

locations. A more recent map compiled by the 

Indonesian Geological Survey (Suwitodirdjo et al., 

1979) shows the same pattern. Oë Batok is within 

the Upper Pliocene - Lower Pleistocene Noelle 
Formation outcrops; Toenioen Eno within the 

Bobonaro mélange complex (Miocene- Pliocene; 

Charlton, 2009), the latter formation being a tectonic 

mélange of scaly clay containing large and small 

blocks of sediments of various age. The composition 

of these blocks ranges from metamorphic basement 
rocks to Mesozoic deep ocean sediments (Charlton, 

2009). 

Figure 3. Simplified map of west Timor, with the locations Oë Batok and Toenioen Eno. The Oë Batok area 
is-at the scale of the available geological maps- entirely mapped as Quarternary, but small blocks within 
the Quaternary could be of Mesozoic age. Toenioen Eno is part of the Miocene or Pliocene Bobonaro 
mélange complex, which contains blocks of older age. 
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DISCUSSION AND CONCLUSION 

 

No other occurrences of durophagous globidensine 

mosasaurs have been reported from the region. 
Limited sampling in the area might partially account 

for this absence (e.g. Sato et al., 2012). Nonetheless, 
the absence of Globidens and closely related taxa in 

the Asian realm remains puzzling, for reasons 

outlined in Mulder et al. (2013). Even though the 
provenance of G. timorensis remains unclear, and -

confusingly- accompanying Triassic fauna has been 
mentioned in association with this occurrence, the 

geological maps from 1925 and 1979 are not 

sufficiently detailed to rule out a Cretaceous age 

entirely. Jonker, based on the concordance of the 

layers, concluded the age of the Noil Tobé area to be 
Triassic, whereas Burck et al (1926) reported fossils 

of (Cretaceous) lamnid sharks from the same 

location, suggesting a more complex geological 

structure than previously assumed by Jonker. 
Although the holotype lot of G. timorensis is now 

retraced, and morphological comparison with the 
other species of Globidens is currently ongoing, no 

further historical records on the provenance of the 

fossils could be retraced at this time. Given the 

interesting paleobiogeographical as well as geological 

consequences of this potential occurrence of a 

durophagous mosasaur in Timor, a new research 
visit to the sites would be called for. 
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ABSTRACT 

 
A brief overview is presented of the principal groups of Cenozoic macrofossils from outcrops in 
Indonesia. Prior to the 1930's macrofossils, in particular mollusks, were the principal objects of 
paleontological and biostratigraphic studies in Indonesia. Since then focus has shifted to 
microfossils, but it is argued that macrofossils still have the potential to significantly contribute to 
the knowledge of biostratigraphy, paleoenvironments, paleoclimate, paleobiogeography and plate 

tectonic reconstructions of the region. Cenozoic marine macrofossil assemblages from Indonesia all 
represent tropical faunas of Indo-Pacific province affinity. 

 

 
 

INTRODUCTION 
 

Cenozoic sediments and volcanics cover about ¾ of 

the islands of Indonesia (Van Bemmelen, 1949).  
Marine and also some non-marine fossils are present 

in many of these outcrops, but the vast majority 

(>95%) of modern paleontological studies has been 

on microfossils (e.g. review by Van Gorsel, Lunt and 

Morley, 2014; Berita Sedimentologi 29).  However, a 
significant collection of publications also exists on 

Cenozoic and older macrofossils. Unfortunately, 

most of this work dates from before World War II, 

was written in Dutch or German, is little known and 

can be hard to find. Because of their vintage the 

taxonomy in many of them is need of revision. 
Therefore, and since there is no 'Paleontology of 

Indonesia' textbook, reviews of the main macrofossil 

groups from Indonesia, with comments on their 

biostratigraphic and paleobiogeographic significance 

and with key references for further study, should be 
useful for the current and future generations of 

geologists. 

 

This paper on Cenozoic macrofaunas and floras is 

the first of several papers on Indonesian fossil 

groups to be published in this journal. A full 
reference list is in the 'Bibliography of 

Biostratigraphy and Paleontology of Indonesia' 

(Berita Sedimentologi 29A, 2014), which also 

includes a selection of paleontological papers from 

surrounding SE Asian countries. Quaternary 
mammals and hominids are also not part of this 

paper, but many references on this significant group 

of fossils from Indonesia are also in the above 

Bibliography. 

 

 

MACROFOSSIL GROUPS 
 

Cenozoic macrofossils are mainly represented by 

mollusks and corals in marine deposits and by 
plants, petrified wood and fresh-water mollusks in 

terrestrial deposits. Fossil groups that were 

important in pre-Cenozoic time like cephalopods and 

brachiopods are greatly diminished after the end-

Cretaceous extinction event.  

 

Although theoretically many macrofossil taxa have 
biostratigraphic value, they have lost their 

significance as biostratigraphic tools today, primarily 

because it is much easier to collect a few hundred 

microfossils (even in small drill samples) than it is to 

collect adequate macrofossil assemblages. As a 

result there are very few active experts in the 
macrofossil field and their vertical ranges and 

calibrations to modern time scales tend to be poorly 

known. 

 

Most of the early paleontological monographs and 
papers on Cenozoic macrofossils were by 

paleontologists of the 'Dienst Mijnwezen', now known 

as Geological Survey of Indonesia, in Bandung (Van 

der Vlerk, Gerth, Umbgrove, Oostingh, Von 

Koenigswald) and associated academics in Europe 

(Martin, Beets, etc.). Table 1 lists the key papers for 
each fossil group.  

 

A key publication on Indonesian fossil genera and 

species is the Martin memorial volume, edited by 

Escher et al. (1931).  It contains comprehensive 
listings of all Cenozoic fossil species described from 

Indonesia, including chapters on Cenozoic mollusks 

by Van der Vlerk, corals by Gerth, echinoids by 

Wanner and plant fossils by Posthumus. Some of 

this biostratigraphic-paleontological literature may 

be >100 years old, but since these old publications 
tend to contain mainly descriptions of fossils and 

fossil localities and often contain superb 

illustrations, they are still valuable today. 

 
Key General References 
Escher, B.G., I.M. van der Vlerk, J.H.F. Umbgrove & P.H. 

Kuenen (eds.), 1931. De palaeontologie en 
stratigraphie van Nederlandsch Oost-Indie, Leidsche 
Geologische Mededelingen. 5 ('Feestbundel Prof. Dr. K. 
Martin'), 1, p. 1-648. 
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Krijnen, W.F., 1931. Annotations to the map of the more 

important fossil localities in the Netherlands East 
Indies. Leidsche Geol. Meded. 5 (K. Martin Memorial 
Volume), p. 509-551. 

 

Mollusks 
Mollusks (bivalves and gastropods) are the most 

common macrofossils in the Cenozoic of Indonesia. 

Their diversity is overwhelmingly high with about 

4000 known Recent species in Indonesia. They are 
found in depositional environments ranging from 

fresh water to deep marine. Biogeographically 

Cenozoic mollusks belong to the Indo-Pacific 

bioprovince, which is very different 

from the Mediterranean Province. 

 

Most of the early paleontological 
studies were dedicated to this fossil 

group and most of these were by 

Professor Karl Martin of Leiden 

University, who was nicknamed the 

'Linnaeus of Java' and who studied 

collections assembled by geologists/ 
mining engineers of the 'Dienst 

Mijnwezen of the East Indies'. Martin 

published numerous monographs 

and papers between 1879 and 1937, 

especially from Java, from where he 
identified a total of 1412 species of 

mollusks (Figures 1, 2).  From the 

Pliocene of North Sumatra 347 

species were identified (Martin, 

1928), and 232 species from the 

Pliocene of Timor (Tesch 1915, 1920).  
 

Taxonomic revisions of many of the 

species described by Martin were 

proposed by Beets (1950) and Shuto 

(1974, 1978).  The Martin collection 
from Indonesia is stored at the 

Naturalis Museum in Leiden, The 

Netherlands, and contains the type 

specimens of 912 new species (Van 

den Hoek Ostende et al., 2002). The 

latest, comprehensive illustrated 
catalog of Martin's Cenozoic mollusk 

species from Java is by Leloux and 

Wesselingh (2009). 

 

Special mention should also be made 
of series of papers on Mio-Pliocene 

mollusks from: 

- West Java by Oostingh (1933-

1941),  

- Kendeng zone, East Java, by Van 

Regteren Altena (1938-1950),  
- East Kalimantan and other areas 

by Beets (1941-1986).   

A major compilation of species of 

Cenozoic Mollusca described from 

Indonesia was produced by Skwarko 
et al. (1994; Geological Survey, 

Bandung, limited edition).  

 

The Mollusk 'percentage of extant 

species' Method of Biostratigraphy 

Mollusks were the principal group used for age 
dating of Cenozoic sediments, until microfossils 

became the preferred biostratigraphic tools. Larger 

foraminifera, with their Ta-Tf 'Letter Stages', became 

prominent after the late 1920's, and later also 

planktonic foraminifera, calcareous nannofossils and 
palynology.  

 

Martin developed a 'Lyell-type' method of relative age 

determination, based on the decreasing percentage 

of living species in increasingly older fossil 

Figure  1. Typical Mio-Pliocene marine mollusks from West Java, 
mainly from Priangan:  24 Voluta grooti, 26 Cerithium everwijni, 27. 
Turritella javana, 28. Siliquaria, 29. Turbo obliquus, 30. Trochus 
woodwardi, 31. Patella deformis, 32. Pecten placunoides, 33. Pecten 
senatorius, 34. Spondylus costatus, 35. Spondylus imperialis (Martin 

1883) 
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populations. Percentages of living species by stage 
were (Van der Vlerk, 1931): 

- Eocene: 0 %; 

- Early Miocene: 8-20%; 

- Late Miocene: 20-50%; 

- Pliocene: 50-70%; 
- Quaternary: >70%. 

These numbers appeared to differ from the ratios for 
the same stages in Europe and this was a key reason 

why it was believed that the Far Eastern and 

European parts of the Tethys Ocean had become 

separated by the end of the Eocene. The merits of 

this pre-plate tectonic argument developed after this, 
but this observation alone was the driving force to 

develop larger foraminiferal Letter Stage 

Figure 2. Marine bivalve mollusks from Middle-Late Miocene Nyalindung Beds, West Java 

(Martin 1921). 
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stratigraphy, simply because the stages 

of Europe did not seem applicable to SE 

Asia.  

 
The Lyellian percentage method of extant 

mollusks appeared to work reasonably 

well, but there were anomalies, especially 

in cases of deep marine mollusk 

assemblages. For instance, faunas from 

asphalt-bearing Sampalakosa beds of 
Buton were initially interpreted as 

Oligocene by Martin (1933, 1935), 

because none of the 35 mollusk species 

was known from the Recent. However, 

associated foraminifera and diatoms 
suggest a Late Miocene-Pliocene age, and the 

mollusks were subsequently recognized as deeper 

marine fauna, whose modern equivalents are poorly 

known (Beets 1952). 

 

Oostingh (1938) and Shuto (1978) started building 
more conventional mollusk biozonations of the 

Miocene- Pleistocene of Java, based on vertical 

ranges of species. Many of their zones are based on 
species of the gastropod genus Turritella.  Shuto 

(1978) and Baggio and Sartori (1996) also proposed 

updates of the Lyellian percentages proposed by 
Martin. As noted above, neither this mollusk 

zonation, nor the percentage method are used for 

dating Cenozoic sediments today, mainly because 

microfossils have proven to be more reliable and 

more convenient to collect in large numbers, but also 
because the paleontological expertise required for 

this probably no longer exists in Indonesia. 

 

Fresh- and Brackish-water Mollusks 

Fresh-water faunas are generally rare in the 

Cenozoic of Indonesia, reflecting the relative rare 
occurrences of non-marine depositional 

environments. They are generally present only on the 

larger islands of West Indonesia. The oldest Cenozoic 

fresh-water mollusk faunas are from the Eocene of 

Kalimantan and Central Sumatra. The Melawi Group 
of the Upper Kapuas river area in Central 

Kalimantan, presumably of Eocene age, contains 

mollusk species mainly characteristic of fresh 
(Melania, Paludomus) and brackish water (Cyrena, 
Corbula) (Martin 1898). Along the Meratus 

Mountains front in SE Kalimantan Middle Eocene 

clay beds associated with coals contain large fresh-
brackish water species Cyrena borneensis and 

Corbicula pengaronensis (Boettger, 1875) 

 

On Sumatra the early rift phase of Eocene-Oligocene 

rift basins contain lacustrine and deltaic-esturine 

facies, but fresh-water mollusks have been poorly 
documented. On Java the oldest non-marine 

mollusk faunas appear in the basal Pleistocene 

(Figure 3; Van Benthem Jutting, 1937), around the 

same time as the arrival of Asian mammal and 

hominid populations. 

 

 
Key References Mollusks 
Beets, C., 1950. Revised determinations of East Indian and 

related fossil mollusca. Verhand. Kon. Nederl. Geol. 
Mĳnbouwk. Gen., Geol. Ser. 15, 2, p. 329-341. 

Gerth, H., 1921. Coelenterata. In: Die Fossilien von Java 
auf Grund einer Sammlung von Dr. R.D.M. Verbeek 
und von anderen bearbeitet durch Dr. K. Martin. 
Sammlung. Geol. Reichs-Museum Leiden (N.F.) 1, 2, 3, 
p. 387-445. 

Leloux, J. & F.P. Wesselingh, 2009. Types of Cenozoic 
Mollusca from Java in the Martin Collection of 
Naturalis. Nat. Natuurhist. Museum Techn. Bull. 11, 
p. 1-765. 

Skwarko, S.K., 1994. Mollusca in Indonesian Cenozoic 
biostratigraphy (a computerised compilation), 1. 
Introductory chapters, Amphineura, Cephalopoda, 
Scaphopoda. Geol. Res. Dev. Centre, Bandung, p. 1-

125. 
Skwarko, S.K. & E. Sufiati, 1994. Mollusca in Indonesian 

Cenozoic biostratigraphy (a computerised compilation), 
3. Gastropoda. Geol. Res. Dev. Centre, Bandung, 
Paleont. Sect., p. 1-796. 

Skwarko, S.K., E. Sufiati & A. Limbong, 1994. Mollusca in 
Indonesian Cenozoic biostratigraphy (a computerised 
compilation), 2. Bivalvia. Geol. Res. Dev. Centre, 
Bandung, Paleont. Sect., p. 1-326. 

Van den Hoek Ostende, L.W., J. Leloux, F.P. Wesselingh & 
C.F. Winkler Prins, 2002. Cenozoic Molluscan types 
from Java (Indonesia) in the Martin Collection 
(Division of Cenozoic Mollusca), National Museum of 
Natural History, Leiden. Nat. Natuurhist. Mus. Techn. 
Bull. 5, p. 1-130. 

Van der Vlerk, I.M., 1931. Cenozoic Amphineura, 

Gastropoda, lamellibranchiata, Scaphopoda. In: B.G. 
Escher et al. (eds.) De palaeontologie en stratigraphie 
van Nederlandsch Oost-Indie, Leidsche Geol. Meded. 5 
(K. Martin memorial volume), p. 206-296. 

 

 

Corals 
Corals are common in most Oligocene to Recent 
limestones across Indonesia. The fossil coral 

collections at Naturalis Museum, Leiden, contain 

271 species from 210 localities in SE Asia, mainly 

Indonesia (Leloux and Renema, 2007). However, 

relatively little work has been done on their 
biostratigraphic zonations, biofacies and 

paleobiogeography and most of the taxonomic work 

is relatively old. 

 

Figure 3. Typical fresh-water mollusk from Pleistocene, Central 
Java (Corbicula gerthi)  
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Modern coral reefs in Indonesia have been 

described fairly extensively, particularly in 

a series of studies by Umbgrove between 

1928 and 1947 (see Table 1). Umbgrove 
also identified and described about 150 

species of Recent corals and coral reefs 

around Java, Sumatra and Sulawesi. Key 

review papers on modern Indonesian coral 

reefs include Umbgrove (1946, 1947).  

 
Gerth (1921) recognized the Neogene-

Recent corals of Indonesia as typical Indo-

Pacific assemblages. The Indo-Australian 

Archipelago today has the highest coral 

diversity in the world (Renema et al. 2008). 
 

Most coral species have fairly narrow 

temperature ranges in which they thrive, 

and are therefore sensitive to climate 

changes. Both periods global cooling and 

extreme warming can negatively affect 
coral diversity and abundance. Cenozoic 

corals and coral reefs in Indonesia 

therefore show distinct periods of 

diversification and decline (Wilson 2002 

and others).. Corals are generally rare in 
Eocene (too warm?) and Early Oligocene 

(too cold?) carbonates of SE Asia, which 

are dominated by larger forams and 

coralline algae (Wilson and Rosen 1998). 

The Late Oligocene- Early Miocene was a 

period of increased coral diversification and relatively 
wide distribution of coral reefs (Wilson 2002, 2011, 

Johnson et al. 2011). This was then followed by 

several steps of declining diversity and carbonate 

abundance in Middle Miocene and later time.  

 
An elegant review paper on Indonesian Cenozoic 

corals is Osberger (1956), which includes listings of 

principal deposits and range charts of species. 

Notable case studies on Cenozoic fossil corals from 

Indonesia include (see also Table 1): 

- Von Fritsch (1877): Eocene corals of SE 
Kalimantan (Figure 4) 

- Felix (1913-1921): Miocene-Pleistocene corals from 

Java, Kalimantan, Timor (Figure 6),  

- Gerth (1923): 120 coral species from the Late 

Tertiary of East Kalimantan 
- Gerth (1921, 1933): corals from Eocene- Miocene of 

Java (Figure 5); 

- Umbgrove (1924-1950): corals from Miocene-

Pleistocene of Kalimantan, Java, Sumatra, Buton, 

etc.  

- Osberger (1954, 1955): Late Tertiary corals from 
Java. 

 

In an attempt to use corals for biostratigraphy 

relative age dating Umbgrove (1946) and Osberger 

(1956) used the Lyellian method of increase in 
percentage of living coral species through time, 

similar to what Martin used for mollusks: Eocene-

Oligocene 0%;  Early Miocene,  6-9%;  Middle 

Miocene 15-30%, Late Miocene-Pliocene 30-60% and  

Pleistocene ~80% .  As argued by Osberger (1956), 
whilst the overall trend is real, there is too much 

variability for this method to be reliable for age 

dating.  Also, as with mollusks, these percentages 

did not hold up well when dealing with less well-

known deeper marine assemblages. For instance, 

corals from the Lower Pleistocene Pucangan 
Formation of the Kendeng zone of East Java only 

had 50% known Recent species, which was 

explained by Umbgrove (1946) as due to the 

relatively deep water facies with common poorly 

known solitary species. 
 
Key References Corals 
Felix, J., 1915. Jungtertiare und quartare Anthozoen von 

Timor und Obi- I. In: J. Wanner (ed.) Palaeontologie 
von Timor 2, 2, Schweizerbart, Stuttgart, p. 1-45. 

Felix, J., 1920. Jungtertiare und Quartare Anthozoen von 
Timor und Obi-II. In: J. Wanner (ed.) Palaeontologie 

von Timor 8, 13, Schweizerbart, Stuttgart, p. 1-40. 
Felix, J., 1921. Fossile Anthozoen von Borneo. 

Palaontologie von Timor, Schweizerbart, Stuttgart, 9, 
15, p. 1-61.Gerth, H. (1921)- Coelenterata. In: Die 
Fossilien von Java auf Grund einer Sammlung von Dr. 
R.D.M. Verbeek und von anderen bearbeitet durch Dr. 
K. Martin. Sammlung. Geol. Reichs-Museum Leiden 
(N.F.) 1, 2, 3, p. 387-445. 

Gerth, H., 1923. Die Anthozoenfauna des Jungtertiars von 
Borneo. Sammlung. Geol, Reichsmuseums Leiden, ser. 
1, 10, p. 37-136. 

Figure 4.  Eocene solitary coral Epismilia? flabelloides 
from SE Kalimantan (Von Fritsch 1877) 
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fossil Porifera and Cnidaria of Indonesia in Naturalis. 
Nat. Natuurhist. Museum Techn. Bull., Leiden, 10, p. 
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Figure 5. Example of Miocene- Pliocene corals from Java. 1. Lithophyllia explanata, 2. Hydrophyllia 
martini, 3. Astreopora sp., 4. Heterocyathus rousseaui, 5. Confusastraea obsoleta, 6-7. Prionastraea 
dubia, 8-10. Antillia spp., 11-12. Anthemiphyllia verbeeki, 13. Lithophyllia spinosa, 14. Echinopora 
crassatina (Gerth 1921). 
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Neues Jahrbuch Geol. Palaont. Abh. 101, 1, p. 39-74. 
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Indonesia, Publ. Keilmuan 32, p. 1-79. 
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Borneo. Wetensch. Meded., Dienst Mijnbouw 
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Figure 6. Late(?) Miocene corals from Darvel Bay area, Sabah, NE Borneo. 1. Acanthastraea polygonalis, 
2. Orbicella transiens, 3. Cycloseris martini, 4. Cycloseris wanneri, 5. Lithophyllia grandissima (Felix 
1921) 
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Table 1. Key references on Cenozoic macrofossils of Indonesia 

TABLE 1               CENOZOIC MACROFOSSILS 

FAUNA/FLORA AREA   REFERENCES 

General Indonesia Escher et al. (1931) 

Mollusks 

(bivalves and 

gastropods) 

Indonesia Van der Vlerk (1931), Beets (1950), Shuto (1977, 1978), Skwarko et al. 
(1994), Baggio & Sartori (1996), Beu (2005), Robba (2013) 

Java  Jenkins (1864), Martin (1879-1932), Boettger (1883), Haanstra & Spiker 
(1932), Oostingh (1933-1941), Wanner & Hahn (1935), Pannekoek 
(1936), Schilder (1937, 1941), Van Regteren Altena (1938-1950), Shuto 
(1974, 1978, 1980), Premonowati (1990), Zacchello (1984), Premonowat 
(1990), Robba (1996), Scolari (1999, 2001), Bazzacco (2001), Piccoli & 
Premonowati (2001), Rolando (2001), Van den Hoek Ostende et al. 

(2002), Hasibuan (2004), Leloux and Wesselingh (2009) 

Kalimantan, 

Borneo 

Boettger (1875), Martin (1914), Beets (1941-1986), Cox (1948) 

Sumatra  Woodward (1879), Boettger (1880, 1883), Icke & Martin (1907), Martin 
(1928), Oostingh (1941), Haanstra & Spiker (1932), Wissema (1947) 

Sulawesi Schepman (1907), Beets (1950) 

Buton Martin (1933, 1935, 1937), Beets (1952), Janssen (1999) 

Seram, Timor Fischer (1927), Tesch (1916, 1920), Robba et al. (1989) 

West Papua Beets (1986) 

Tertiary Corals Indonesia Osberger (1956), Leloux & Renema (2007), Wilson & Rosen (1998), 
Wilson (2002) 

Java Reuss (1867), Martin (1879, 1880), Felix (1913), Gerth (1921, 1933), 
Yabe & Eguchi (1941), Umbgrove (1945, 1946a,b, 1950), Osberger 
(1954, 1955), Premonowati (1990, 1996) 

Kalimantan Von Fritsch (1877), Felix (1921),Gerth (1923), Umbgrove (1929)  

Sumatra Gerth (1925), Umbgrove (1926) 

Sulawesi Von Kutassy (1934) 

Buton Umbgrove (1943) 

Timor, Seram Felix (1915, 1920), Umbgrove (1924) 

Flores, Sumba Umbgrove (1939), Umbgrove (1946) 

New Guinea Felix (1912), Gregory & Trench (1916), Yabe & Sugiyama (1942a,b) 

Calcareous 

Algae 

Indonesia Lignac-Grutterink (1943), Johnson & Ferris (1949), Ishijima et al. 
(1978) 

N Borneo Johnson (1966) 

Echinoids Multi-region Lambert & Jeannet (1935), Jeannet & Martin (1937) 

Kalimantan, 

Java  

Von Fritsch (1877), Gerth (1922) 

Timor, Aru 

Islands 

Gerth (1927), Currie (1924) 

Plants, Wood Indonesia, SE 

Asia 

Krausel (1925), Posthumus (1931), Kramer (1974), Bande & Prakash 
(1986), Van Konijnenburg et al. (2004) 

Java Goppert (1854), Crie (1888), Krausel (1923, 1926), Den Berger (1927), 
Musper (1938, 1939), Mandang et al. (1996, 2004), Srivastava & 
Kagemori (2001) 
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TABLE 1               CENOZOIC MACROFOSSILS 

FAUNA/FLORA AREA   REFERENCES 

Kalimantan  Geyler (1875) 

Sumatra Heer (1874, 1879), Krausel (1922, 1929), Den Berger (1923), Musper 
(1938, 1939), Schweitzer (1958) 

Fish 

(pre-

Pleistocene) 

S Sulawesi Brouwer & De Beaufort (1923), De Beaufort (1934) 

C Sumatra-

Eocene  

Rutimeyer (1874), Gunther (1876), Von der Marck (1876), Sanders 
(1934), Musper (1936) 

C Java De Beaufort (1928), Vorstman (1929; otoliths) 

Vertebrates 
(pre-

Pleistocene) 

C Sumatra-  Eocene bird skeleton:  Lambrecht (1931), Van Tets et al. (1989) 

C Sumatra Oligocene bird tracks:  Zaim et al. (2011), Zonnneveld et al. (2011, 
2012) 

Java – U 
Miocene 

Sea cow: Von Koenigswald (1952) 

E Kalimantan Eocene Anthracocerid and Suidae teeth: Stromer (1931) 

Timor- Eocene Anthracocere skull: Von Koenigswald (1967), Ducrocq (1996) 

PNG Miocene Turtle: Glaessner (1942), Sea cow: Fitzgerald at al. (2013) 

 
 

Echinodermata 
Fossil echinoids are relatively uncommon in the 

Cenozoic of Indonesia, although they are present in 
small numbers in most marine environments. Their 

taxonomy and stratigraphic distributions is also 

relatively poorly studied. The main papers on this 

group are from Gerth (1922, 1927) (Figure 7) and 

Jeannet and Martin (1937). 

 
Key References Echinoids 
Gerth, H., 1922. Echinodermata. In: Die Fossilien von 

Java auf Grund einer Sammlung von Dr. R.D.M. 
Verbeek und von anderen bearbeitet durch Dr. K. 

Martin. Sammlung. Geol. Reichs-Museum Leiden 
(N.F.) 1, 2, 3, p. 497-520. 

Jeannet, A. & R. Martin, 1937. Ueber Neozoische 
Echinoidea aus dem Niederlandisch-Indischen 
Archipel. Leidsche Geol. Meded. 8, 2, p. 215-308. 

Lambert, J. & A. Jeannet, 1935. Contribution a la 
connaissance des Echinides tertiares des iles de la 
Sonde. I. Echinides reguliers. Mem. Soc. Pal. Suisse 
56, p. 1-76. 

 

 

Plant fossils, Petrified wood 
Plant fossils are locally common in Eocene and Mio-

Pliocene non-marine deposits of Western Indonesia 

(Sumatra, Java and Kalimantan; Figures 8, 9). 

Fossilized wood and plant leaves may be found in 
two settings: (1) in claystones associated with coal 

beds, fossilized under poorly oxygenated swamp 

conditions, or (2) in tuff deposits, where entire 

forests were killed and preserved after major volcanic 

eruptions, and where silicified tree trunks may still 

be found in growth position. The latter are 

particularly common in various silica-rich Late 

Miocene-Pliocene volcanoclastic deposits of West 

Java and South Sumatra. There is an urgent need to 
renew the study of fossil woods, since mining of Mio-

Pliocene fossil wood for ornamental purposes is 

currently a major extractive industry in West Java, 

etc., This is a major opportunity to study the 

taxonomy and taphonomy of these ancient forests, 

but there is no evidence that this work is being done. 
These fossils need to be better understood before 

their localities are destroyed. 

 

Early descriptions of plant fossils include: 

- Mio-Pliocene floras from West Java collected by 
Junghuhn (Goppert, 1854)  (Figure 9); 

- Eocene plant fossils collected by Verbeek from the 

Ombilin Basin, C Sumatra (Heer 1874, 1879);  

- Eocene plant fossils collected by Verbeek from SE 

Kalimantan (Geyler, 1877; Figure 8). 

 
Significant papers on petrified wood from Java and 

Sumatra include: 

- papers by Musper (1938, 1939) on age and 

localities of fossil wood on Sumatra and West Java;  

- monographs on Cenozoic woods from SE Asia by 

Kramer (1974a, b). 
 

For additional references see Table 1 and the 

Bibliography.  
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Modern floras show distinct provinciality across 

Indonesia, although the 'Wallace Line' does not 

appear to be a very distinct boundary in plant 
distributions (e.g. Van Welzen et al. 2011). Cenozoic 

plant fossils also undoubtedly show similar, or even 

more pronounced, provincialism between West 

(Asian-affinity) and East Indonesia (New Guinea-

affinity), but this is poorly documented, partly 

because plant-bearing deposits in Eastern Indonesia 
are extremely rare. 

 
Key References Floras 
Goppert, H.R., 1854. Die Tertiarflora der Insel Java, nach 

den Entdeckungen des Herrn Fr. Junghuhn 

beschrieben und erortert in ihrem Verhaltnisse zur 
Gesammtflora der Tertiarperiode. C.W. Mieling, The 
Hague, p. 1-169. 

Kramer, K., 1974. Die tertiaeren Holzer Sudost-Asiens 
(unter Ausschluss der Dipterocarpaceae), 1 Teil. 
Palaeontographica. Abt. B, Palaeophytologie, 144, 3-6, 
p. 45-181. 

Kramer, K., 1974. Die tertiaeren Holzer Sudost-Asiens 
(unter Ausschluss der Dipterocarpaceae), 2 Teil. 
Palaeontographica. Abt. B, Palaeophytologie, 145, p. 1-
150 

Krausel, R., 1925. Der Stand unserer Kenntnisse von der 
Tertiarflora Niederlandisch-Indiens. Verhand. Geol. 
Mijnbouwk. Gen. Nederl. Kol., Geol. Ser. 8 (Verbeek 

volume), p. 329-342. 

Figure  7. ?Miocene echinoids from Java (Gerth, 1922) 

 



 

Page 73 of 81 

 

Berita Sedimentologi BIOSTRATIGRAPHY OF SE ASIA – PART 2 

Number 30 – August 2014 

Musper, K.A.F.R., 1938. Fundorte und stratigraphisches 
Lager neuer Aufsammlungen Tertiarer Landpflanzen- 
besonders Kiezelholzreste auf Sumatra und Java. De 
Ingenieur in Nederl.-Indie (IV) 5, 12, p. 169-181. 

Musper, K.A.F.R., 1939. Kritische Betrachtungen uber 

Herkunft und genaueres Alter der aus dem Tertiar 
Niederlandisch-Indiens beschriebenen Holzer. 
Natuurk. Tijdschr. Nederl. Indie 99, 1, p. 1-21. 

Srivastava, R. & N. Kagemori, 2001. Fossil wood of 
Dryobalanops from Pliocene deposits of Indonesia. The 
Palaeobotanist 50, 2-3, p. 395-401. 

 

 

Pre-Pleistocene Vertebrate fossils 
Vertebrate fossils are very rare prior to the well-

documented invasion of 'Asian' land mammals 
(including hominids) across large areas of western 

Indonesia in latest Pliocene- Early Pleistocene time. 

That migration was facilitated by the emergence 

above sea level of zones of tectonic uplift, growth of 

volcanoes and periodic exposure of the Sunda shelf 
during glacial lowstands.  A discussion of the diverse 

Quaternary mammal assemblages is beyond the 

scope of this paper, but numerous references can be 

found in the chapter of this name in the 

Bibliography of the Geology of Indonesia. 

 

The oldest known land mammal species in 
Indonesia are Eocene anthracocere remains from 

Kalimantan (Stromer 1931) and Timor (Von 

Koenigswald 1967, Ducrocq 1996). Other pre-

Pleistocene vertebrate fossils of Indonesia are 

mainly lacustrine and marine fish. 

 
Eocene lacustrine fish and shore bird fossils from 

Sumatra 

The presence of a rich fish fauna in Eocene 

lacustrine calcareous shales of the Ombilin 

Basin, Padang Highlands, Central Sumatra, has 
been known for a long time. Fish fossil collections 

by Verbeek were first studied by Rutimeyer 

(1874), Gunther (1876) and Von der Marck (1876, 

1878). In 1927 Musper collected an additional 

1200 specimens, which were studied by Sanders 

(1934), who distinguished 15 species, some of 
which are very similar or identical to species still 
found in Indonesia today (Notopterus; Figure 10). 

 

A skeleton of a water bird of the pelican family 
(Protoplotus beauforti) was found in the same 

lacustrine deposits at Sipang, West Sumatra 
(Lambrecht, 1931).  Also worth mentioning in this 

context are Oligocene shore bird footprints in the 

fluvial-estuarine  Sawahlunto Formation of the 

Ombilin Basin (Zaim et al. 2011, Zonneveld et al. 

2011, 2012) 

 
Eocene Anthracoceres of Timor, Kalimantan 

The only pre-Pleistocene terrestrial mammal 

fossils in Indonesia are rare remains of Eocene 

anthracoceres in Kalimantan and Timor. 
Anthracoceres are Hippopotamus-like mammals 

that are known from many M-U Eocene localities 
of Europe and mainland SE Asia (mainly 

Myanmar, South China), but not from Australia- 

New Guinea. The first record of Early Tertiary 

mammal remains from Indonesia are two teeth from 

probable Eocene-age beds of the non-marine- 
brackish Melawi Group at Gunung Sebumban Ulu, 

Sedona River, in the Sanggau area of West 

Kalimantan (Stromer 1931). One of these was 
identified as a small anthracocerid Artiodactylus, 

part (Figure 11-top). 

 
A second Eocene anthracocere fossil is from the 

northern part of West Timor. It is a fragment of a 

skull with five teeth, which was described as 
Anthracothema verhoeveni by Von Koenigswald 

(1967) (Figure 11). According to Ducrocq (1996) it 
belongs in the genus Anthracotherium. The fossil was 

found by a local teacher in red-brown sediments 
with some shells on the bank of the small Mota Bour 

river, 2-3 km west of Laharus in the Atambua 

District. It was given to a local priest, who passed it 

on to missionary and paleoanthropologist T. 

Verhoeven in 1966, who later visited the alleged 
location. Non-marine Eocene deposits have not been 

well documented from Timor, but Eocene 

nummulitic limestones that grade upward into 

Figure 8. Plant fossils from coal-bearing Eocene of 
Pengaron, Barito Basin, SE Kalimantan. 1. Phyllites 
(Grumilea) mephitidioides, 2. Grumilea affinis,3. 
Entoneuron melastomaceum, 4. Carpites(Dipterocarpus) 
pengaronensis, 5. Phyllites (Sterculia?), 6. Phyllites 
(Loranthus) deliquescens, 7. Leguminosites?  (Geyler, 
1877) 
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sandstone of possible continental origin were 

observed nearby (P. Sondaar in Ducrocq 1996).  The 

presence of Nummulites limestone indicates that the 

anthracocere fossil is from the 'Banda Terrane', a 

Cretaceous-Miocene tectonostratigraphic assemblage 

on Timor with a stratigraphic succession that is very 
similar to that of West Sulawesi, and which has long 

been viewed as a terrane derived from the Sundaland 

margin. 

 

As pointed out by Von Koenigswald (1967) and 
Ducrocq (1996), anthracocerids are fossils of 

Laurasiatic affinity, which are relatively widespread 

in Myanmar and South China. They cannot have 

been part of the autochthonous NW Australian 

margin deposits in Eocene time.  Assuming that (1) 

this fossil was indeed found in NE West Timor (it is 

hard to imagine how and why a rare fossil from 

outside Indonesia would have been brought to a 
remote village in Timor) and (2) that anthracoceres 

were not capable of crossing major ocean basins (the 

distance between the NW Australian margin and SE 

Asia was 1000's of kilometers in Eocene time), it 

suggests that this part of Timor was part of the 
Asian (Sundaland) margin in Eocene time. 

Figure 9. Mio-Pliocene plant fossils from Java, collected by Junghuhn. 79. Cornus benthamioides, 80. 
Benthamia fragifera, 81-83. Magnoliastrum spp, 84. Malphigiastrum junghuhnianum, 85. Heteroptris 

chrysophylla (Goppert, 1854). 
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Key References Vertebrates 
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PALEOBIOGEOGRAPHY 
 

Indonesia is well-known for its different present-day 
biogeographic provinces of land animals and plants. 

Asian-affinity floras and faunas dominate in the 

West (Sundaland) and Australian-New Guinea-

affinity taxa dominate in East Indonesia, reflecting 

the fairly recent closing of wide ocean barriers 
between the formerly widely separated Asian and 

Australian continents. However, drawing the 

Figure 10. Eocene lacustrine fish Notopterus notopterus from Central Sumatra (Sanders 1934) 

Figure 11.  Eocene 'Eurasian' mammalian fossils from West Kalimantan and Timor. Top: Molars of cf. 
Choeromorus (pig family; fig. 6a, b) and anthracoceriid (Fig. 7a,b) from Sanggau District, W Kalimantan 
(Stromer 1931). Bottom: Skull fragment and teeth of Anthracothema verhoeveni (=Anthracotherium) from 
Timor (Von Koenigswald 1967) 
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boundary between the two domains has been done 

in different ways, depending on what groups are 

emphasized: the Wallace Line(s), Lydekker Line, 

Weber Line, Huxley Line, etc.. Most biogeographers 
today place Sulawesi and parts of the Moluccas in a 

transitional domain named Wallacea (e.g. Michoux 

1994, 2010, Van Welzen et al. 2011). 

 

In modern marine faunas these East-West 

differences are much less pronounced. Assemblages 
from Indonesia all represent tropical faunas of Indo-

Pacific province affinity, with only minor differences 

between East and West. The Indo-Australian 

Archipelago is the area of maximum diversity 

('hotspot') for corals and mollusks. 
 

Although they undoubtedly exist, distinct 

biogeographic patterns have not yet been properly 

identified and documented in Cenozoic macrofossils.  

Microfossils have already shown some interesting 

paleobiogeographic patterns. For instance, the 
distributions of Eocene larger foraminifera 
Pellatispira and Lacazinella (supported by evaporite 

lithologies) suggest that the Paleocene-Eocene 

carbonates of the New Guinea margin are not fully 

tropical, but represent subtropical to warm 

temperate settings (Lunt 2003). Palynological studies 
show the arrival of Gondwanan floral elements in 

Indonesia in the Late Eocene and later, that can be 

tied to the collisions of India in the West and 

Australian- New Guinea derived terranes in the East 

(Morley, 2000). This is a field of research in which 
macrofossils have the potential to make significant 

contributions that will be applicable to tectonic and 

paleoceanographic reconstructions of the region. 
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CONCLUSIONS 
 

Most of the current studies on Cenozoic fossils of 
Indonesia are focused on microfossils, for obvious 

practical reasons. However, significant work has 

been done on Cenozoic and older macrofossils, 

which is still of considerable interest. Cenozoic 

macrofossil assemblages may hold 
paleobiogeographic patterns that are significant for 

unraveling plate tectonic and paleoceanographic 

histories, but few of these have been uncovered. 

Hopefully this and companion papers will stimulate 

future projects in taxonomic revision, biozonations 

and paleoenvironmental and paleobiogeographic 
patterns of macrofossils. And perhaps form the 

beginnings of a badly-needed 'Paleontology and 

Biostratigraphy of Indonesia' textbook. 
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Micropaleontological education in Indonesia 
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In May 2012, Bailey and Jones published an article 

titled “Micropalaeontology Under Threat!” in 
Geoscientist Online Special, which attracted a 

number of readers’ attention. This topic was 

discussed further in the Sedimentology and 

Paleontology Linked-in group.  The article describes 

trends in the United Kingdom, but these are similar 
in many other countries. It observed how since the 

1980's the employment opportunities for 

micropaleontologists decreased as a result of 

downsizing by oil companies, how training 

opportunities decreased due to reduction in the 

number of universities teaching micropaleontology 
courses, and how retirements of an aging population 

of biostratigraphers may soon lead to a shortage in 

experienced biostratigraphers.  

 

To understand the situation in Indonesia, the topic 
was launched in IAGI-net. A simple survey was run 

on Facebook to involve students. This article 

summarizes the discussion and survey to provide a 

general understanding and quick overview on how 

micropaleontological education is conducted in 

Indonesia. 
 

In general micropaleontological classes were given in 

all geological departments in Indonesia. This subject 

is still considered as a fundamental topic in geology. 

As the fossils are basically biological objects, some of 
the biological departments (e.g. University of Gajah 

Mada and University of Sudirman) provide 

micropaleontological classes as possible options. 

This subject is considered as a foundation in 

geological programs. In some universities, 

micropaleontology is also included as part of field 
mapping programs.  

 

The opportunity to become a professional 

biostratigrapher is unfortunately restricted. Until the 

1970-1980's several oil companies in Indonesia, like 
Pertamina, Shell, Caltex, Stanvac and Unocal, had 

their own micropaleontology departments. Today 

these have all closed and this specialized skill is kept 

mainly in consulting companies like CoreLab and 

Geoservices and government institutions such as 

Lemigas1, GRDC2 and LIPI. A small number of 
biostratigraphers made a career as independent 

consultants. These institutions employ 

biostratigraphers and sometimes provide their staff 

with scholarships to pursue PhD and MSc degrees 

overseas in micropaleontological subjects. These 
experts provide biostratigraphical analysis for 

petroleum companies. These companies, however, 

often do not have enough staff with a strong 

understanding of biostratigraphical concepts to 

understand and integrate the analysis results 

delivered by the consultants or institutes. This may 

result in miss-applications or miss-integration of 
micropaleontological data in the industry (personal 

communication with B. Y. Chandra in IAGI-net). 

 

Nowadays Akmaluddin (a micropaleontology lecturer 

from UGM Yogyakarta) and Irwansyah 

(micropaleontologist from Lemigas), also observe a 
decrease of interest on micropaleontology in general. 

According to them recently there have been fewer 

students who are taking or are interested in 

micropaleontology as their final year undergraduate 

thesis. Many students prefer to evaluate subsurface 
data (e.g. seismic and log data) from petroleum 

companies for their final project. Although they 

usually still include micropaleontological discussions 

in their thesis, they are relatively shallow. 

 

Wildanto P. Nusantara, an Indonesian palynologist 
who is based in Perth, Ausralia, agreed with Bailey 

and Jones (2012) concern. He saw a big room of 

opportunities for micropaleontological research in 

Indonesia, but the interest and support are lacking. 

Currently, Indonesia still does not have a 
dinoflagellate expert and getting a sponsorship for 

pursuing this study is very difficult. It seems that a 

database revolving around dinoflagellates for 

Indonesia is minimal and Indonesia is far behind in 

dinoflagellates studies compared to Australia. 

Irwansyah also mentioned that Indonesia still needs 
micropaleontologists who are familiar with pre-

Tertiary formations. Unfortunately, with limited 

sponsorships, Indonesia will short of 

micropaleontological experts. 

 
A simple questionnaire on micropaleontological 

education in Indonesia was returned with a number 

of students. The questionnaire is aimed to gather 

some information regarding the facilities in 

Indonesian universities. The result is shown in Table 

1, which includes the number of binocular 
microscopes for micropaleontological studies and 

number of lecturers.  

 

Compared to 1961 (Katili, 1961) it is interesting to 

note that ITB, the first geological department in 
Indonesia, still has the same number of microscopes. 

This is probably due to the size of the laboratory. 

The qualities of the microscopes, however, have 

improved significantly. Katili (1961) reported 15 

microscopes for micropaleontological education in all 

of Indonesia. These days, there are about 146 
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microscopes available for micropaleontological 

studies. Although there more microscopes, probably 

they are still not enough for the students nowadays. 

Let’s us take ITB as an example. The 15 microscopes 
reported by Katili in 1961 were used by less than 15 

students (about 1:1 ratio of student and microscope) 

and the same number of microscopes are now used 

by almost 50 students (3:1 ratio). The ratio for some 

other universities may worst compare to ITB. 
 

Based on the correspondences with professional 

micropaleontologists, it is understood that nowadays 

biostratigraphical studies, which deal mainly with 

primary rock, compete heavily with studies with 

secondary data such as seismic and logs. Many 
students believe that a thesis based on seismic and 

logs will help them to find jobs in the petroleum 

companies. If this trend will 

continue, and sponsorships 
for further studies are 

difficult to get, we may 

conclude that Indonesian 

micropaleontology is also 

under threat. Since 
microfossils still provide the 

main age and 

paleoenvironmental 

controls in sedimentary 

basins (van Gorsel, et al., 

2014) , any decrease in 
volume and quality of 

biostratigraphic work in 

Indonesia would have a 

negative effect on the 

quality of correlations, 
geological interpretations, 

etc. (Lunt, P, 2013).  

Hopefully this article can 

raise awareness and give 

the reader food for thought. 

In the near future, we may 
be able to find a solution 

and encourage more 

biostratigraphical studies. 
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Table. 1. Number of binocular microscopes in micropaleontological laboratory in Indonesian universities and 

their lecturers. 

University / City Binocular microscope 

(good condition) 

Lecturers 

Pakuan / Bogor 6 (4) Teti Sahrulyati 

ITM3) / Medan 15 (5) Rasyid Mustafa, Purba 

Univ. Diponegoro / Semarang 10 (3) Hadi Nugroho 

ITB4) / Bandung 15 Tjipto Rahardjo, Khoiril Anwar, Rubiyanto 

Kapid 

Univ. Trisakti / Jakarta 21 (?)  Dewi Syavitri, Ulam Nababan 

Univ. Hasanuddin / Makassar 10 (?) Fauzi Arifin, Ratna Husain, Meutia Farida 

Univ. Padjajaran / Bandung  37 (29) Lia Jurnaliah, Winatris, Lili Fauzielly and 

Vijaya 

Univ. Pembangunan Negara/ 
Yogyakarta 

15 Premonowati, Mahap Maha, Ign. Hedrobusono, 
Siti Umiyatun Ch 

Univ. Gajah Mada / Yogyakarta 23 Moch. Indra Novian dan Pak Akmaluddin 

Univ. Indonesia / Depok 0 None – geophysics program only 

Univ. Brawijaya / Malang 0 None – geophysics program only 

 

Figure 1. An example of a binocular microscope in the geological 

department of UPN Veteran, Yogyakarta (source: 
http://www.geoupn.org/tinymcpuk/gambar/Image/2.jpg) 
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Notes 
1) Lemigas: Lembaga Minyak dan Gas = Indonesian 

Research and Development for Oil and Gas  
2) GRDC: Geological Research and Development 

Centre (now Center for Geological Survey, 
Indonesia), Bandung 
3) ITM: Instute of Technology, Medan 
4) ITB: Institute of Technology, Bandung 
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