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This chapter X of the Bibliography 7.0 contains 288 pages with >2150 papers.  These are mainly papers of a 
more general or regional nature. Numerous additional paleontological papers that deal with faunas/ floras from 
specific localities are listed under those areas in this Bibliography. 
 
It is organized in six sub-chapters: 
- X.1 on modern and sub-recent fauna and flora distribtions, information that serves as analog data for 

interpretations of depositional facies and paleoclimate from fossil assemblages; 
- X.2- X.5 on fossil faunas and floras, organized by age; 
- X.6 is a large final chapter on mammals and hominids, mainly of Quaternary age. 
 
Four relatively recent introductory review papers on Indonesian fossils were published in 2014 in Berita 
Sedimentologi (FOSI/ IAGI): Cenozoic biostratigraphy (Van Gorsel, Lunt and Morley BS 29), Cenozoic 
macrofossils (Van Gorsel, BS 30), Paleozoic and Mesozoic faunas and floras (Van Gorsel, BS31 a, b).  Most 
of this introduction is taken from these papers. 
 
There is a vast amount of literature on the biostratigraphy and paleontology of Indonesia and surrounding 
Southeast Asia. A 2014 comprehensive reference list of 337 pages, selected from an earlier edition of this 
Bibliography and issued as a supplement of Berita Sedimentologi 29, contained over 3200 papers on 
Paleozoic- Recent biostratigraphy and paleontology of the region. (online at: 
 http://www.iagi.or.id/fosi/files/2014/04/BS29A_Bibliography_biostrat_hvg_final2.pdf) 
 
Early papers on fossil groups (late 1800's- early 1900's but also later) tended to focus on fossil identifications 
and taxonomic descriptions. Many of these are still valuable today, especially since many of these studies 
have not been updated and many of the remote regions have not been revisited. Modern papers tend to deal 
more with faunal and floral successions (biostratigraphy), interpretation of paleoenvironments (paleoecology), 
paleoclimate, and geographic faunal/floral provinces (paleobiogeography). 
 
A remarkable comprehensive listing of all fossil species known from Indonesia around 1930 was published by 
Escher et al. (1931, Professor Martin Memorial volume). This volume also includes reviews of stratigraphy of 
the Paleozoic by Brouwer, the Mesozoic by Wanner and Tertiary by Leupold and Van der Vlerk. A map of the 
more important fossil localities in the Indonesian region was compliled by Krijnen (1931), in the same volume. 
 
Updated listings of fossil species reported from Indonesia include: 
- foraminifera, by Harsono Pringgoprawiro, Kadar and Skwarko (1998; 3 volumes);  
- mollusca, by Skwarko, Sufiati and. Limbong (1994; 3 volumes). 
 
Biostratigraphy is still the main tool for age determinations of sedimentary rocks, and good age control is 
obviously critical for all geology interpretation. Paleobiogeographic patterns provide constraints on the 
reconstruction of the SE Asia mosaic of tectonic blocks and most papers on this are captured in Chapters I.1 - 
I.2). 
 
Papers on the various fossil groups are listed in Tables 1-10. These are not complete listings of all relevant 
papers, and additional titles can be found scattered across the Bibliography 7.0.. 
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  X.1. Quaternary-Recent faunas-microfloras and modern distribution 
 

This section X.1 of Bibliography 7.0 mainly contains 546 papers on the taxonomy of modern or sub-recent 
microfaunas and microfloras as well as papers on their distribution in Recent sediments of SE Asia. For a 
more extensive introduction see Van Gorsel, Lunt and Morly (2014, Bertia Sedimentologi 29). 
 
An understanding of modern biofacies distributions is obviously significant for the interpretation of depositional 
environments and paleoclimates in the geological rock record.  Different microfossil groups and species lived 
in different environments, and once the distributions of modern counterparts are understood, these can assist 
in the interpretation of ancient depositional environments, sequence stratigraphy, recognition of displaced 
faunal elements, etc.  
 
Neogene benthic foram assemblages are sufficiently similar to modern faunas that direct comparisons may be 
made. Paleogene and older faunas consist mainly of extinct species, so interpretations rely more on 
comparisons with taxonomically related species or with similar morphotypes. Modern case studies using 
microfossil biofacies for Miocene paleoenvironmental interpretation in the region include Finger and Drugg 
(1992) in Central Sumatra, Simmons et al. (1999), Noad and Preece (2014) in North Borneo, etc.. 
 
  Foraminifera 
Foraminifera are the primary tool for facies analysis, particularly the benthic foraminifera. Today these are 
found from brackish coastal waters down to the deepest marine environments, and their environmental 
distributions are well documented in numerous studies. Foraminiferal assemblages contain information not 
only on paleo-water depth, but certain species may also be indicative of substrate, salinity, oxygen levels, 
paleotemperatures, etc. of sedimentary deposits. 
 

 
 
Figure X.1.1. Recent reef flat miliolid foraminifera (Sorites, Peneroplis, planoconvex Cibicides) (Scholle 2003). 
 
Early studies of modern foraminifera distribution off Java were by LeRoy (1939) and Myers (1945).  Classic 
papers on the distribution of foraminifera in deep waters of East Indonesia include Hofker (1978; samples from 
the 1929 Snellius I expedition), Frerichs (1970; Andaman Sea), Van Marle (1988, 1991; Snellius II expedition) 
and Villain (1995; Mahakam Delta and Makassar Straits.  Among more recent case studies on the distribution 
of foraminifera in the waters of the Indonesian archipelago are papers by Adisaputra, Barmawidjaya, 
Rositasari, Suhartati Natsir, etc..  For listings of papers on distributions of modern foraminifera in the waters of 
Indonesia and surrounding regions see Tables 1 and 2 and the Bibliography. 
 
Major trends in distribution of modern foraminifera in Indonesia and nearby waters include: 
1. increase in diversity from marginal marine to a maximum in deep shelf- upper slope environments,  
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2. increase in percentage of planktonic foraminifera with water depth from 0 in marginal marine to >80% of 
fauna in bathyal settings 

3. decrease in calcareous species below ~2000-3000m where dissolution of calcareous tests starts to become 
significant (calcareous tests are sometimes subject to dissolution at much shallower depths adjacent to 
major deltas). 

 
 

Table 1- FORAMINIFERA RECENT DISTRIBUTION 
FAUNA  AREA   REFERENCES 

Benthic foraminifera 
Monographs' 

Challenger Exp.1873-
1876 

Brady 1884, Barker 1960 , Jones 1994 

Durrand Collection Millett 1898-1904 
Albatross Exped. 1891 Cushman 1921 
Siboga Exped. 1899-1900 Hofker(1927, 1930, 1951 
Snellius Exped. 1929-30 Hofker  1978 
Snellius II Exp. 1984-85 Van Marle 1988-1991 
Recent Indonesia catalog Adisaputra, Hendrizan & Kholoq 2010 

Brackish, estuarine SE Sulawesi Horton et al. 2005 
N Borneo Dhillon 1968, Bronnimann & Keij 1986  
Malay Peninsula  Mahani et al. 2010, 2011, Culver et al. 2012, 2013 

Delta front, prodelta, 
bay 

Mahakam Delta,  Villain 1995, Lambert 2003 
Java- north coast. Rositasari 2010 
N Borneo Ho Kiam Fui 1971  

Carbonate 
environments 

NW Java (incl. P. Seribu) LeRoy 1938, Wijono 1991, Renema 2008, Suhartati 2009  
E Kalimantan Renema 2006 
SW Sulawesi Troelstra et al. 1996, Renema & Troelstra 2001, Renema et al. 

2001 
Bali, Lombok Barbin et al. 1987, Adisaputra 1998, 2000, Renema 2003 
PNG Haig 1979-1993, Langer & Lipps 2003 
Great Barrier Reef Jell et al. 1965, Renema et al. 2013 
NW Australia Parker 2009, Parker & Gischler 2011 

Shelf seas Java Sea, Paternoster  
Platform 

Myers 1945, Biswas 1976, Hofker 1978, Boichard et al. 1985, 
Isnaniawardhani 2009 

Sunda Shelf- S China Sea Waller 1960, Szarek 2001, Szarek et al. 2006, Suhartati & 
Muchslin 2012 

Makassar Straits Adisaputra & Rostyati 2003 
Arafura Sea Suhartati & Rubiman 2010 

Deep marine  East Indonesia Hofker 1927, 1930, 1951, Van Marle 1988, 1991 
Makassar Straits Rositasari 2010, Suleiman et al. 2011 
South China Sea-deep Miao & Thunell 1993, 1996, Jian & Wang 1997, Marquez 1999, 

Szarek et al. 2009 
Sulu Sea Rathburn et al. 1994, 1995, Szarek et al. 2007 
Andaman Sea Frerichs 1970, 1971 
Timor Sea, Indian Ocean Loeblich & Tappan 1994, Basov & Krashenninnikov 1995, 

Murgese & De Deckker 2005, De & Gupta 2010 
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  Palynofacies 
Palynomorphs can also be grouped into environmental categories, from terrestrial to marine environments, but 
these do not always not reflect local environment since all pollen and spores are designed to be transported 
water and wind, away from their source vegetation. 
 
Pollen and spores can be divided into locally sourced and regionally sourced types, provided that the source 
plants are growing in the depositional locality. Interpretation of depositional environments is thus essentially an 
exercise in understanding pollen and spore transportation processes. They are, however, very helpful in 
augmenting environmental interpretations based on foraminifera. If foraminifera are absent, implying non-
marine deposition, the locally derived pollen component may indicate the nature of the local depositional 
environment, but in open marine facies all the pollen is transported.  
 
Pollen and spores are abundant in nearshore environments, but occur in low concentrations in holomarine 
sediments. However, in deep water turbidites, pollen and spores are as common as in coastal facies, reflecting 
downslope transport of sediments by gravity flow processes. 
 
Also, it must be emphasized that vegetation is complex, and the same pollen genera may occur in unrelated 
environments. For instance, the genus Casuarina has species which are common along sandy coasts (C. 
equisitifolia) in kerapah swamps and kerangas (C. nobilis) and on mountains in Nusa Tenggara (C 
junghuhniana). The likely source taxon may therefore become clear by association: if it occurs with common 
Dacrydium pollen it is probably derived from kerapah/kerangas, if in sandy sediments with mangroves, 
probably from sandy coasts, and if from East Java, a montane source should be suspected.  
 
Some common pollen and spore types are from some important vegetation types are as follows (dispersed 
pollen names in parentheses): 
Mangrove belt:   Rhizophora, Bruguiera (=Zonocostites ramonae), Avicennia, Sonneratia alba  
    (=Florschuetzia meridionalis); 
Back-mangrove:  Acrostrichum, Sonneratia caseolaris (=Florschuetzia levipoli), Oncosperma,  
    Nypa (= Spinizonocolpites echinatus), Acanthus; 
Freshwater peat swamp :  Blumeodendron, Gonystulus, Cephalomappa, Lophopetalum, Alangium  
    (= Lanagiopollis spp.);  
Seasonally inundated swamps:  grasses, Barringtonia (= Marginopollis concinnus), Ceratopteris  
    (= Magnastriatites grandiosus); 
Rain forests:    Dipterocarpaceae, many Leguminosae, Rubiaceae and many others; 
Open savanna:   Pinus, grasses. 
Mountains:   Dacrycarpus imbricatus, Phyllocladus, Picea, Abies; 
Freshwater algae from lakes: Pediastrum, Botryococcus; 
Marine dinocysts:  Spiniferites, Systematophora, Operculodinium. 
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Table 2- OTHER MICROFAUNA/FLORA RECENT DISTRIBUTION 
FAUNA/ FLORA  AREA  REFERENCES 

Ostracodes  Mahakam Delta Carbonel & Moyes 1987, Carbonel and Hoibian 1988 
Sunda Shelf  Mostafawi 1992 
Java Sea, Bali  Dewi 1997, Mostafawi et al. 2005 
P. Seribu, Jakarta Bay  Watson 1988, Whatley & Watson 1988, Fauzielly et al 2013 
Malacca Straits Whatley & Zhao 1987, 1988 
Other Indonesia Muller 1906, Keij 1953, Dewi et al.  (many papers) 

Pollen, spores and 
kerogens 

SE Asia case studies Flenley 1973, Haseldonckx 1977, Gastaldo (op. div), Van 
der Kaars 1991, Chandra 2010, Sun et al. 1999 

N Borneo Simmons et al. 1999 
E Kalimantan-Mahakam Hardy & Wrenn 2009 
Sulawesi  Engelhardt et al. 2007 

Diatoms (fresh-brackish 
water) 

Lake Toba, Sumatra Van der Marel 1947 
SE Sulawesi Horton et al. 2007 
Malay Peninsula Zong & Kamaludin 2004 

Diatoms (deep marine) 
Indonesia Van Iperen et al. 1993, De Deckker & Gingele 2002 
South China sea Wu et al. 2013 

Calcareous nannofossils SE Asia Okada 1983, Varol 1985, Fernando et al. 2007 
Radiolaria Banda Sea Harting 1863, Van de Paverd 1989 
Dinoflagellate cysts Java Sea, etc.  Lirdwitayaprasit 1997a,b, Matsuoka et al. 1999, Kawamura 

2004, Furio et al. 2006, 2012, Hessler et al. 2013 
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  X.2. Tertiary 
 

Cenozoic sediments and volcanics cover about ¾ of the islands of Indonesia (Van Bemmelen, 1949), so it 
should not be surprising that the vast majority of paleontological studies has been on Cenozoic micro- and 
macrofossils. This section X.2 contains >410 papers on Cenozoic faunas and floras of Indonesia and 
surrounding regions. These tend to be papers of a more general nature, and additional titles on this topic may 
be found in the various area chapters if the fossils described were from a specific area only. Tables 3,4,5 and 
6 list many of the key papers on the various fossil groups. 
 
For more detailed overviews see the two relatively recent papers on Cenozoic fossils of Indonesia: Van 
Gorsel, Lunt and Morley (2014a; microfaunas/ biostratigraphy) and Van Gorsel (2014b, macrofossils). 
 
Recent faunas from the Indonesian region boast some of the highest diversities in the world (a 'hotspot' 
region). This is probably also true for some Cenozoic faunas of Indonesia. In a series of monographs and 
papers between 1879 and 1937, professor Karl Martin of Leiden University and Museum ('Linnaeus of Java') 
identified 1412 species of Tertiary molluscs from Java alone!  The collection of Tertiary corals from Indonesia 
at Naturalis Museum, Leiden, contains 271 species from 210 localities (Leloux and Renema, 2007). 
 
Tertiary macrofossils in Indonesia are mainly molluscs and corals in marine deposits and plants, petrified wood 
and fresh-water molluscs in terrestrial deposits.  
 
Today the principal tools for biostratigraphic subdivision of Tertiary sediments in Indonesia differ depending on 
paleo-environments: 
- open marine sediments:    planktonic foraminifera,calcareous nannofossils, radiolaria; 
- very deep marine sediments, below carbonate compensation depth:  radiolaria; 
- shallow marine carbonate environments:  larger foraminifera; 
- shallow marine clastic marine environments:   smaller benthic foraminifera, dinoflagellates; 
- non-marine and marginal marine environments: palynology (spores and pollen). 
 
  Planktonic foraminifera 
Planktonic foraminifera are a key group for biostratigraphy of Cretaceous- Recent open marine sediments. The 
series of evolutionary lineages of planktonic foraminifera (and the zonation schemes based on these), have 
been summarized in the classic books by Blow (1969, 1979), followed with minor modifications by Bolli and 
Saunders (1985). The zonation scheme of Blow, with the convenient 'N' (Neogene; 20) zones and 'P' 
(Paleogene 23 zones) zones has been used by most workers in the oil industry and academia in SE Asia. 
 
The largely similar but 'competing' zonation of Berggren (1972, Wade et al., 2011), with its P (Paleocene), E 
(Eocene), O (Oligocene), M (Miocene) and Pl (Pliocene) zones, has not found many followers in SE Asia. This 
is partly because most of the modifications of the earlier Blow zonation proposed herein were more applicable 
to the Atlantic Ocean area than to the Indo-Pacific province. 
 
The 'standard' zonations can be further refined when adding observations that reflect global or regional 
changes in climate or paleooceanographic patterns,such as changes in coiling directions of species of 
Globorotalia, Neogloboquadrina, Pulleniatina, etc. (Bolli & Saunders,1985), and climate-controlled events like 
incursions of cold water species. 
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Figure X.2.1. Example of Late Oligocene- Early Miocene planktonic foraminifera from Bulongan, NE 
Kalimantan (Koch 1926; Koch 1935).  

 
While palynology is the tool of choice for non-marine deposits, it should be realized that spores-pollen are 
dispersed mainly in downstream direction from where they are produced. Therefore, mangrove pollen, on 
which much of the Neogene pollen zonation is based, are typically absent in fluvial-alluvial deposits away from 
the paleo-shoreline. 
 
   Smaller benthic foraminifera 
Small benthic foraminifera are generally common in samples from all marine and marginal marine facies, and 
assemblages can be of very high diversity. About 2000 species and subspecies have been described, 
although many of these are probably synonyms (Lunt 2013). They are primarily used for paleoenvironment 
and paleobathymetric interpretations. 
  
Classic early taxonomic descriptions of modern benthic foraminifera are the monographs on Recent material 
from the major oceanographic expeditions to the East Indonesia region, including the Challenger, Albatross, 
Siboga, Snellius I and Snellius II Expeditions (see Table 2).  
 
Other significant papers include those by Millett (1898-1904) and Loeblich and Tappan (1994) on foraminifera 
from the Timor Sea.  The principal taxonomic works on Neogene benthic foraminifera in the region are papers 
by LeRoy (1939-1944; Figure X.2.2), Belford (1966) and Whittaker and Hodgkinson (1979).  For additional 
references see Table 3 and the Bibliography. 
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Figure X.2.2. Example of benthic foraminifera assemblage (Early- Middle Miocene Telisa Fm, Central 
Sumatra; LeRoy 1939). 
 
Smaller benthic foraminifera species in SE Asia tend have relatively long age ranges and most of their age 
ranges have not been properly documented. The composition of benthic foraminifera assemblages has not 
changed much through the Neogene. In most instances highest and lowest occurrences of benthic species in 
a sedimentary section therefore reflect changes in facies, rather than evolutionary appearance or extinction 
levels. As a result, benthic foraminifera are of limited use for biostratigraphy age dating. 
 
However, between about 1930 and 1960, the petroleum industry worldwide routinely used benthic foraminifera 
for correlations between exploration wells. In Indonesia BPM, Stanvac and Caltex all had laboratories with 
micropaleontologists that primarily used benthic foraminifera, and who tended to work in isolation. In the 
absence of detailed taxonomic studies, paleontologists generally identified species by genus name and 
numbers, such as Rotalia 5 or Elphidium 8.  Due to the lack of communication between companies Rotalia 2 of 
BPM was not the same as Rotalia 2 of Stanvac.  
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Most of this early micropaleontological work was deemed proprietary and very little has ever been published.  
The taxonomic studies by LeRoy (1939 -1944) were an early effort to introduce formal species names for the 
Neogene foraminifera from the Caltex's oil wells of Sumatra, as well as outcrop sections of Java and East 
Kalimantan.  
 
Over short distances, correlations based on 'tops' and 'bottoms' of benthic foraminifera were not unreasonable, 
but they were primarily correlations of facies changes or events like flooding surfaces, with no real age 
significance. Correlations across lateral facies changes were obviously very difficult. Such benthic foraminifera 
zonations are no longer used today. 
 

 
 

Figure X.2.3.. Recent 'prodelta' benthic foraminifera Pseudorotalia schroeteriana (top) and Asterorotalia 
trispinosa (bottom) (from Brady 1884, Challenger Foraminifera). 
 
One of the exceptions to the above 'rule' is the use of the evolutionary developments in Late Miocene- Recent 
larger rotaliid foraminifera (Figure X.2.3 . Rotaliids are common and dominant in delta front- prodelta facies, 
where planktonic foraminifera are absent or very rare.  Following initial work by Huang (1964) in Taiwan, a 
zonation based on Ammonia, Pseudorotalia and Asterorotalia species was proposed by Billman and Witoelar 
(1974) in the East Kalimantan region, and subsequently expanded by Billman et al. (1980). It was further 
documented from the more marine deposits of the NE Java basin and calibrated to planktonic foram zones by 
Soeka et al. (1980) and Kadar (1992). 
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Table 3- CENOZOIC PLANKTONIC, SMALLER BENTHIC FORAMINIFERA 
FAUNA/FLORA AREA    REFERENCES 
General Indonesia Billman & Scrutton 1976, Van Gorsel 1988, Van Gorsel, Lunt and Morley 

2014, Lunt 2013a,b  
Neogene 
planktonic 
foraminifera 

General Blow 1969, 1979, Kennett & Srinivasan 1983, Bolli & Saunders 1984 
Java Bolli 1966, Blow & Banner 1966, Van der Vlerk & Postuma 1967,  

Hartono 1960, 1969, Harsono P. 1968, 1983, Blow 1969, 1979, Wibisono 1972, 
Kadar 1972- 2008, Saint-Marc & Suminta 1979, Van Gorsel & Troelstra 1981, 
Harsono et al. 1998 

West Papua/ PNG Belford 1962, 1966, 1967, 1984, 1988 
Sumatra LeRoy 1948, 1952, Blow & Banner 1966, Kadar et al. 2008  
Andaman Sea Frerichs 1971 

Paleogene 
planktonic 
foraminifera 

Kalimantan Thalmann 1942, Baumann 1972  
Java  Hartono 1960, 1969, Purnamaningsih Siregar & Harsono P. 1981 
West Papua Belford 1966, 1974, 1989 

Smaller benthic 
foraminifera 

Sumatra LeRoy 1939, 1941, 1944 
Java Koch 1923, Thalmann 1934, 1935, Yabe & Asano 1937, LeRoy 1941, 1944, 

Van der Sluis & Vletter 1942, Boomgaart 1949, Soeka et al. 1980, 
Sukandarrumidi 1990, Kadar 1992 

Kalimantan, 
Sabah 

Koch 1926, LeRoy 1941, Mohler 1946, Billman and Witoelar 1974,  
Billman et al. 1980, Whittaker & Hodgkinson 1979 

Seram, Timor Fischer 1921, 1927, Koch 1925, Rocha & Ubaldo 1964 
New Guinea Belford 1962, Haig 1982 

 
 
   Larger foraminifera 
By far the most publications on Tertiary microfaunas in Indonesia are dedicated to larger foraminifera. They 
are the dominant fossils in shallow marine carbonate deposits of Southeast Asia, especially of Eocene and 
Late Oligocene- Middle Miocene ages.They have been used in biostratigraphy in Indonesia for over a century, 
and are still the most useful group for age and environmental interpretations in carbonates, which generally 
contain very few planktonic foraminifera, nannofossils or palynomorphs. 
 
Early classic works on larger foraminifera from Indonesia were by Verbeek, Rutten, Van der Vlerk, Tan Sin 
Hok, Caudri, Umbgrove, and others. The overall stratigraphic successions of genera and species and their 
evolutionary trends in most lineages had been identified by these workers by the late 1930's. More recent work 
on Indonesian larger foraminifera is by Boudagher-Fadel, Lunt, Renema and others. For selected references 
see Table 4 and the Bibliography. 
 
Larger foraminifera are benthic foraminifera with relatively large and complex calcareous tests. They are 
generally 2-5mm in diameter; but some specimens of Cycloclypeus, Eulepidina and Nummulites may grow to 
5 cm or more.  
 
Most Recent  larger foraminifera have a symbiotic relationship with algae or diatoms, which limits their 
presence to the photic zone (<100m water depth), in clear waters away from clastic influx. Examples of Recent 
larger foraminifera are shown in Figure X.2.4. 
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Figure X.2.4.. Modern tropical larger foraminifera: 1. Alveolina from Madang lagoon, PNG, 2. 
Baculogypsinoides? from Great Barrier Reef, Australia. 3. Marginopora from French Polynesia. 4. 
Foraminiferal beach sand from Kiribati (Western Pacific) (Langer 2008). 

 
 

 
 

Figure X.2.5. Vertical sections of Cenozoic Indonesian larger foraminifera (Van der Vlerk & Dickerson, 1927). 
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Larger foraminifera comprise several taxonomically unrelated families. The complex inner structure generally 
requires study of oriented thin sections through the embryonic stage for accurate identication at the species 
level, or of the degree of development within an evolutionary series.  However, identifications at genus level 
can generally be made from randomly oriented thin sections or from external features, using a hand lens. For 
examples of thin sections of Tertiary larger foraminifera from Indonesia see Figure X.2.5. 
 
One of the earliest descriptions of larger foraminifera from SE Asia is on Late Eocene Nummulites limestones 
from SE Kalimantan, West Sumatra and Central Java (Verbeek (1871, 1892; Figure X.2.6).  
 

 
 
Figure X.2.6. Middle Eocene Nummulites javanus (microspheric) from Nanggulan, Central Java (Verbeek and 
Fennema 1896). 
 
 
  Larger Foraminifera biozonations 
The famous Eocene-Recent 'East Indies Letter Classification' is a zonation scheme (zones Ta-Th) based on 
larger foraminifera and in the youngest part originally also molluscs. It was first proposed by Van der Vlerk and 
Umbgrove (1927) (Figure X.2.7.) It was further improved by Leupold and Van der Vlerk (1931) and Adams 
(1970). 
 
Calibration of this larger foraminiferal zonation to the geological time scale has improved significantly over 
time, first in the 1970's-1980's through correlations of larger foram zones to planktonic foraminifera zones 
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(Clarke & Blow 1969, Haak and Postuma 1975, Adams 1984, Chaproniere 1984) and later through Strontium 
isotopes. For the latest ranges and calibration of the Letter Classification to the modern GPTS time scales see 
Lunt and Allen (2004), Lunt (2013) or Van Gorsel, Lunt and Morley (2014). 
 
 

 
 

Figure X.2.7 . Distribution chart of Tertiary larger foraminifera that define the 'East Indies Letter zonation'  
 (Van der Vlerk, 1948).  
 
  Evolutionary series in larger foraminifera   
Indonesia was the birthplace of classic studies on larger foraminifera evolution patterns of Cycloclypeus, 
Miogypsina and Lepidocyclina (Tan Sin Hok, 1932-1939), which were later refined by Van der Vlerk and 
others; Table 4).  
 
Many larger foraminifera lineages started from a relativey simple, spirally arranged ancestor, then gradually 
evolved over millions of years into increasingly complex forms with concentric/ radial chamber growth patterns. 
These trends are well documented, and identification of evolutionary stages can be very helpful for age 
determinations. 
 
Examples include  (references see Table 4): 
- Heterostegina- Cycloclypeus  (Late Eocene- Recent) 
- Heterostegina- Tansinhokella- Spiroclypeus  (Late Oligocene- Early Miocene) 
- Neorotalia- Miogypsinoides- Miogypsina  (latest Oligocene- Middle Miocene)    (Figure X.2.8) 
- Lepidocyclina embryon evolution  (Oligocene- Miocene)    (Figure X.2.9). 
- Borelis- Flosculinella- Alveolinella (Oligocene- Recent) 
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Figure X.2.8. Evolution from Late Oligocene Miogypsinoides complanata with long initial spiral on left (Van der 
Vlerk 1959) through Early Miocene Miogypsinoides dehaartii (Larat; Van der Vlerk 1924) to advanced Middle 
Miocene Miogypsina indonesiensis/antillea on right (Madura, Schipper and Drooger 1974).  
 

 
 

Figure X.2.9.  Evolution of Lepidocyclina embryonic chambers in Oligocene- Miocene Van der Vlerk (1959). 



Bibliography of Indonesia Geology, Ed. 7.0               www.vangorselslist.com          July 2018 15

 

Table 4 - CENOZOIC LARGER FORAMINIFERA 
FAUNA/FLORA AREA    REFERENCES 
Larger 
foraminifera- 
 

General Douville 1905-1924, Mohler 1946, Adams 1965-1992, Lunt 2003,  
Lunt & Allen 2004, Renema 2002 

Letter zonation Van der Vlerk & Umbgrove 1927, Leupold & Van der Vlerk 1931, Gerth 1935, 
Tan Sin Hok 1939, Van der Vlerk 1959, Clarke and Blow 1969, Adams 1970, 
Haak and Postuma 1975, Boudagher-Fadel & Banner 1999, Govindan 2003, 
Lunt and Allan 2004, Renema 2007, Matsumaru 2011 

Cycloclypeus Tan Sin Hok 1932, MacGillavry 1962, Drooger 1955, Adams & Frame 1979 
Lepidocyclina Van der Vlerk 1928, 1959-1973, Scheffen 1932, Tan Sin Hok 1936,  

Caudri 1939, Van der Vlerk & Postuma 1967, Ho Kiam Fui 1976,  
Van Vessem 1978, Adams 1987, Ghosh & Saraswati 2002 

Miogypsina Tan Sin Hok 1936, 1937, Drooger 1953, 1963, 1993, Raju 1974,  
Schipper & Drooger 1974, De Bock 1976, Adisaputra-Sudinta et al. 1978 

Heterostegina.-
Spiroclypeus 

Van der Vlerk 1925, Tan Sin Hok 1930, 1937, Krijnen 1931, Lunt & Renema 
2014 

Austrotrillina Adams 1968 
Pellatispira Umbgrove 1928 
Alveolinids Bakx 1932, Mohler 1949, Ritsema 1951, Wonders & Adams 1991 
Nummulitids Verbeek 1871, 1874, 1891, Doornink 1932, Renema et al. 2002 

Larger 
foraminifera- 
faunal studies 

Multiple areas Rutten 1911-1934, Van der Vlerk 1922-1973, Adams 1965, 1992,  
Boudagher Fadel 1997-2008 

Sumatra  Verbeek 1871-1891, Brady 1878, Douville 1912, Tappenbeck 1936 
Java Verbeek 1892, Martin 1881, Douville 1916, Hanzawa 1930, 1965, Caudri 1932, 

1939, Doornink 1932, Mohler 1949, Cole 1975, Adisaputra et al. 1978, 
Adisaputra & Coleman 1983, Boudagher-Fadel 1997-2008, Renema 2002, 
2007, Sharaf et al. 2006, Umiyatun et al. 2006,  Irwansyah et al. 2011, 
Rahmawati et al. 2012, Lunt 2013 

Kalimantan-  
North Borneo 

Verbeek 1871, Von Fritsch 1877, Provale 1908, Rutten 1911-1926, Van der 
Vlerk 1925, 1929, Tan Sin Hok 1930-1940, Adams 1965, Hashimoto et al. 
1973, Hashimoto & Matsumaru 1981, Roohi (1998, Boudagher-Fadel et al. 
2000, McMonagle et al. 2011, Cotton et al. 2014, Lunt 2014,  

Sulawesi Crotty & Engelhardt 1993, Boudagher-Fadel 2002,  Sudijono 2005 
West Papua-  
Papua New Guinea 

Schlumberger 1894, Rutten 1914, 1921, 1925, 1936, Crespin 196), Binnekamp 
1973, Bain & Binnekamp 1973, Beldord 1974, Brash et al. 1991, Sudijono 2000 

Sumba, Kei islands Van der Vlerk 1922, 1966, Douville 1923, Caudri 1934, Bursch 1947  
Timor Bakx 1932, Henrici 1934, Hayasaka & Ishizaki 1939, Ritsema 1951, Marks 

1954  
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   Calcareous nannoplankton 
Calcareous nannofossils are minute calcite platelets that cover unicellular pelagic marine algae 
(coccolithophorids), and are common in low latitude open marine deposits. Because most of the taxonomic 
work on was done in the last thirty years, by relatively few workers, this group does not have the taxonomic 
confusion that existed among some of the foraminifera taxa. 
 
Nannofossils have an advantage over planktonic foraminifera in that they may be found in larger numbers 
closer to shore, more specimens can be extracted from smaller samples (e.g. side-wall cores), and sample 
processing is relatively easy. They are relatively simple structures, so identification is relatively easy, although 
the often subtle differences between species do require some operator experience. On the negative side, due 
their small size they require high-powered optical microscopes and samples are prone to contamination, both 
from contaminated lab equipment and from geological reworking. The routine use of this group for age dating 
of oil well samples from Tertiary basins in Indonesia started in the mid-1970's. 
 
Although some of the earliest pioneering work on nannofossils was done in Indonesia (Tan Sin Hok, 1927; 
Figure X.2.10), relatively  little research work has been done on this group in Indonesia since then. For 
selected references see Table 5 and the Bibliography. 
 

 
 

Figure X.2.10. Calcareous nannofossils of Discoaster group from the Plio-Pleistocene of Roti and Timor, from 
the pioneering study of Tan Sin Hok (1927). 
 
  Calcareous nannoplankton biozonations 
The most widely used nannofossil zonation in the low-latitude Cenozoic is based on the work of Martini (1971). 
It has a resolution similar to that of planktonic foraminifera, and integration of both tools typically provide a 
higher stratigraphic resolution either of the methods alone.  
 
The Martini zones are numbered in a similar fashion as used in planktonic foraminifera: Neogene zones NN 1-
21 and Paleogene zones NP1-25.  Another frequently used zonal scheme is that of Okada & Bukry (1980), 
using similar zones, but numbered with 'CN' and 'CP' prefixes. Varol (l983) proposed another slightly modified 
scheme for the Miocene- Recent in Southeast Asia.. 
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In the petroleum basins of Western Indonesia open marine facies with diverse nannofossils can be rare. 
Prodelta shales may yield only impoverished, Discoaster-dominated nannofossil assemblages. For this reason 
Lambert and Laporte-Galaa (2005) proposed a modified Miocene nannofossil zonation for the Mahakam Delta 
area, based on species of the Discoaster group only. 
 
 
   Ostracoda 
Ostracode fossils are the calcareous valves of a class of small crustaceans. Although found in a wide variety 
of marine and non-marine environments, ostracodes have been much less studied than foraminifera, and are 
not routinely used in SE Asia biostratigraphy.  This is partly because they are usually associated with more 
numerous and apparently more useful foraminifera, partly because there are very few ostracode specialists.  
Stratigraphic ranges of ostracode species appears to be poorly documented and many of the Cenozoic 
species appear to be long-ranging (e.g. Guernet, 1993). 
 
The first paper on fossil ostracodes in Indonesia is by Fyan (1916) from the Pliocene of Timor (Figure X.2.12). 
The most comprehensive study on Indonesian material is by Kingma (1948), who described 94 species of Late 
Cenozoic ostracodes from North Sumatra, the Bojonegoro 1 well and the Kendeng zone in East Java, as well 
as 20 Recent species from the Java Sea.  Series of more recent, smaller papers by LeRoy (1939-1945) and 
Keij (1953-1979) are also of interest.  A review of studies and extensive listings of recent and fossil ostracode 
species described from SE Asia is by Hanai et al. (1980). 
 

 
 

Figure X.2.12.  Pliocene ostracodes from Atambua, Timor (Fyan, 1916).  
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The outer shells of ostracod species may vary between relatively thin, smooth types or thicker and highly 
ornamented varieties. Both types occur in brackish and marine environments, but smooth types appear to be 
relatively more common in lower salinity settings. 
 
For selected references on ostracods see Table 5 and the Bibliography. For papers on Recent species and 
distributions see Carbonel et al. (1987, 1988), Dewi (1993-2008), Mostafawi, Titterton et al. and others. 
 
 
   Diatoms 
Diatoms are photosynthetic single-celled algae that build intricate siliceous tests. Some species are benthic 
forms, others led a planktonic existence, but, being dependent on light, all lived within the photic zone. They 
are present in a broad range of environments, from fresh water deposits to marginal marine and pelagic 
oceanic environments. Many taxa have near-global distributions across multiple climate zones.  
 
Fossil diatom floras have been commonly used for biostratigraphic and paleoenvironmental interpretations in 
oceanic sections, like the Neogene of the Pacific Ocean (Burckle 1972, 1978), but there are very few studies 
from Indonesia.  The first and still most elaborate paper on Cenozoic diatoms from Indonesia is Reinhold 
(1937), describing 208 species and varieties of marine and lacustrine diatoms from the Neogene of Java 
(Figure X.2.13).  Other examples of applications of fossil diatom biostratigraphic zonation include papers by 
Ninkovich and Burckle (1979), Siregar (1981) and Burckle (1982), also on Late Neogene Central and East 
Java material. 
 
Although diatoms are an important part of Recent marine plankton worldwide, they are generally rare in most 
samples of marine sediment ary rocks in Indonesia, because: 
1. diatoms are more abundant in high latitudes; low latitude pelagic oozes are dominated by planktonic 

foraminifera and calcareous nannofossils, except in areas of diatom algal blooms, as in cold-water upwelling 
zones.  

2. diatoms are relative susceptible to dissolution, both in the water column and under burial diagenesis.  
 
Dissolution of the opaline diatom tests is widespread below burial depths of ~600-1000m (>40-50°C ; Opal-A 
to Opal CT transition), below which much of the diatom shells are converted to siliceous cement and are the 
main cause of a Bottom-Simulating Reflector (BSR) on seismic lines over deep water deposits.  At greater 
depths all that remains of diatom tests is microcrystalline quartz in bedded cherts. Diatoms may still be seen 
occasionally in micropaleontology samples from greater depths as pyritized discs ('Coscinodiscus'). 
 
Accumulations of the large marine diatom Ethmodiscus rex have been documented in Pleistocene glacial 
intervals in deep marine cores in the Indian Ocean off Sumatra (DeDeckker & Gingele 2002) and further West 
(Broecker et al. 2000), and also in the Equatorial Pacific and Atlantic Oceans. These represent times of 
increased salinity and supply of silica to the oceanic surface water, under a more arid climate. 
 
Quaternary lacustrine diatomites are known from the Lake Toba area in Sumatra (Samosir Island; Van der 
Marel 1947) and from Central Java (Darma area, Grandjean & Reinhold, 1933; Kalioso, Sangiran, Reinhold 
1937) and East Java (Upper Kalibeng Fm near Kabuh, Krian in Kendeng zone). Such lacustrine diatom-rich 
deposits are commonly associated with volcanic tuffs that provided additional silica source. 
 
The distribution of modern pelagic marine diatoms in East Indonesia deep water sediments was studied by 
Van Iperen et al. (1993). Horton et al. (2007) described modern diatom distribution in mangrove swamps of the 
Tukang Besi islands, SE Sulawesi. 
 
Recent field experiments in Indonesia have shown the potential of producing biofuels from cultures of marine 
diatoms (Nurachman et al. 2012), which underlines the potential importance of diatoms for marine algal 
hydrocarbon source rocks. 
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Figure X.2.13. Diatoms from Late Miocene- Pleistocene of Central Java (Reinhold, 1937).  
 
 
  Radiolaria 
Like diatoms, radiolara are not common in Cenozoic 'normal' marine' sedimentary rocks from Indonesia, and 
Cenozoic and Recent radiolaria have received very little attention here. Radiolaria appear to be relatively more 
common in marine sediments of Mesozoic age in the Indonesian- SE Asia region, and a larger body of work 
exists for these (Hinde 1902, 1908 and later work by Wakita et al., Jasin Basir, Munasri, etc.). Cenozoic 
radiolaria are most abundant in deep marine- oceanic deposits in areas of high productivity like upwelling 
zones.  
 
Harting (1864) published some early descriptions of modern radiolaria species from the deep Banda Sea. 
More recently, modern radiolaria abundances on the Banda Sea floor were studied by Van de Paverd (1989; 
peak abundances between 2000-4000m). 
 
Radiolaria are a useful group for Mesozoic- Cenozoic biostratigraphy, but mainly of deep marine deposits. The 
principal biozonations for Cenozoic radiolaria are by Riedel and Sanfilipo (1978), and Sanfilipo et al. (1985). 
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Bandung-based Indonesian paleontologist Tan Sin Hok did some of the earliest work on radiolarian faunas in 
the Timor- Roti islands. However, he did not realize that the samples he analyzed for his Ph.D. Thesis (Tan 
Sin Hok, 1927), were collected by Tan's thesis advisor Brouwer, were a mixture of Late Neogene and Late 
Jurassic- Early Cretaceous marls. Because of this, he had come to the erroneous conclusion that radiolaria 
were not suitable as index fossils, which is far from the truth. 
 
Riedel (1953) described 26 Neogene radiolarian species from true 'post-orogenic' Pliocene-Pliocene marly 
sediments from Roti island (Brouwer Sample 178; Figure X.2.14), the presence of which Tan had mentioned, 
but not described in any detail. 
 

 
 

Figure X.2.14. Plio-Pleistocene Radiolaria from near Bebalain Roti Island (Riedel 1953, Plate 85). 
. 
 
  Cenozoic Palynology (Spores- Pollen) 
Palynology is the study of microscopic organic-walled remains of plants and algae that are composed of 
organic material that does not dissolve in mineral acids. They are collectively are known as palynomorphs and, 
in addition to pollen and pteridophyte spores, also include afungal spores, algal remains (including 
dinoflagellate cysts), foraminiferal test linings, plant cuticle and chitinous remains of insect skeletons.  
 
Palynomorphs are generally abundant in Cenozoic sediments of Indonesia, except in limestones and tuffs, and 
are usually the only microfossils present in non-marine sediments. The principal groups in the Tertiary SE Asia 
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which are useful in stratigraphy are spores and pollen grains from land plants (reflecting vegetation within a 
catchment), and also cysts of planktonic marine dinoflagellate algae, fresh-water algae, etc.  
 

 
 

Figure X.2.15. Examples of Neogene pollen and spores from Brunei (a-i) and marine dinoflagellate (j), 
acritarch (k) and microforaminifer (l). 
 
The flora of SE Asia is extremely diverse, with more than 30,000 higher plant species recorded. These leave a 
fossil record of about 600 or so pollen and spore types. In most instances, pollen types reflect taxonomic 
variation at the generic level, but in some plant genera, each species can be identified. This is the case in 
three genera, Sonneratia, (a mangrove), Alangium (a swamp forest tree) and Stenochlaena. Pollen of these 
three genera are all stratigraphically useful, with fossil pollen of Sonneratia being described as the pollen taxon 
Florschuetzia, Alangium as Lanagiopollis, and Stenochlaena as Stenochlaeniidites.  
 
Palynomorphs generally withstand normal sediment diagenesis well, but become modified by katagenesis 
during deep burial to many thousands of feet (or equivalent heating), which will turn the palynomorphs black, 
This makes identification more difficult, but it also provides a tool to determine the degree of thermal alteration 
of a rock sample. 
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   Palynology biozonation 
Very few of the common Neogene pollen or spore types have well defined stratigraphic ranges. 'Traditional' 
palynological zones based on the ranges of pollen and spores, are therefore relatively long- ranging: there are 
only six or seven zones which can be interpreted from the Neogene (Figure X.2.16), where planktonic forams 
and nannofossils boast around 20 zones. However, quantitative analyses often allow higher resolution 
zonations at a basin scale, using abundance fluctuations that reflect semi-regional climate and sea level 
fluctuations. 
 
The first palynology biozonation for the Tertiary of SE Asia was developed by Shell palynologists Germeraad, 
Hopping and Muller (1968) and reviewed by Morley (1977). Zonations were further clarified by Morley (1991, 
2004 and others). Additional case studies were published by Rahardjo et al. (1994) for Java (Figure x23) and 
Lelono (2012). 
 

 
 

Figure X.2.16.  Eocene- Recent palynological zonation of Java (Rahardjo et al. 1994, in Lelono 2012). 
 
Subdivision of the Oligo-Miocene is mainly based on evolutionary changes in Florschuetzia, the pollen of the 
mangrove genus Sonneratia, (Figure X.2.16, X.2.17). All of the pollen and spore types used for Neogene 
zonations reflect pollen variation at the species level. Phyllocladus hypophyllus pollen  distinguishes the 
Pleistocene, Dacrycarpidites australis pollen first appears in the mid-Pliocene; Stenochlaeniidites papuanus 
pollen is restricted to the late Late Miocene and Pliocene, and species of Florschuetzia allow zonation of the 
Middle and Early Miocene.  However, mangrove pollen tend to be absent in supratidal deposits, so the 
Florschuetzia zonation is of limited use in basins dominated by fluvial-alluvial sections, like the onshore 
Tertiary basins of Thailand (Watanasak, 1990). 
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Figure X.2.17. Evolution and stratigraphigraphic ranges of mangrove pollen genus Florschuetzia, leading to 
the modern Sonneratia (Germeraad et al. 1968 and Muller 1984, modified by Mao and Foong 2013). 
 
Local higher resolution palynology schemes have been developed as a tool for correlations, using: 
1. changes in relative abundances that reflect hinterland climate changes (fluctuations in % of rainforest 
versus grasses or montane palynomorphs); 
2. identification of transgressions, which in fluvio-deltaic series are typically reflected by peaks of mangrove 
pollen (Morley, 1996). 
 
Examples of this type of quantitative biostratigraphy include Yakzan et al. (1996, Malay Basin), Carter and 
Morley (1996, Early Miocene, Kutei Basin), Morley et al. (2003, Natuna basin), Morley et al. (2004, Makassar 
Straits) and Lelono and Morley (2011, Oligocene, East Java Sea).  
 
Most Neogene quantitative palynological events reflect events relating to sequence stratigraphy. High 
resolution biostratigraphic frameworks involving palynology have usually been presented as sequence 
biostratigraphic studies (e.g. Morley et al., 2011, etc.). 
 
Some of the long term changes in floral compositions reflect plate tectonic movements. Collisions like those 
between Indian and Eurasia in the Eocene and New Guinea with East Indonesia plates allowed migrations of 
India and Australian floral elements into SE Asia (Morley, 1998, 2000, Lelono 2007). The position of the Early-
Middle Eocene boundary is based on the appearance of elements of the Proto-Indian flora (Morley 1998). The 
appearance of Stenochlaena milnei type and Dacrycarpus imbricatus is related to the collision of the 
Australian Plate with SE Asia. 
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The development of a spores-pollen zonation for the Paleogene of Indonesia is still work in progress. 
 
Dinoflagellate cysts are often present in palynology preparations, mainly from marine sediments. They are the 
primary tool for high-resolution biostratigraphy zonation in mid- and high-latitude Cenozoic basins like the 
Paleogene of the North Sea, but they are relatively rare and poorly studied in the Cenozoic of SE Asia.  A few 
preliminary case studies by Matsuoka (1981, 1983, 1984), Morgenroth (2000, 2008, 2011) and Besems (1993) 
do suggest potential utility. 
 
 

Table 5- OTHER CENOZOIC MICROFAUNA/MICROFLORA  
FAUNA/FLORA   AREA   REFERENCES 
Calcareous 
nannofossils 

Indonesia Panuju 2010 
Kalimantan, N Borneo Keij 1964, Lambert & Laporte-Galaa 2005, Panuju et al. 2007 
Java Okada 1981, A. Kadar 1990,1991, Kapid et al. 1991-2003, Siesser et 

al. 1984, Theodoridis 1984, Nur Hasjim 1988, Rubiyanto & 
Harsolumakso 1996, Choiriah & Kapid 1999, Panuju & Kapid 2007  

Sulawesi Kadar & Sudijono 1993, Priyadi & Sudijono 1993  
Roti  Tan Sin Hok 1927, Kamptner 1955, Jafar 1975  
Timor, Tanimbar Hadiwisastra 1987, Hadiwisastra 1993 
Recent- Banda Sea Kleine 1990 

Ostracodes multiple areas Brady 1880, LeRoy 1939, 1941, Kingma 1948, Van den Bold 1950, 
Keij 1953-1979, Hanai et al. 1980, Keij 1964, 

Java McKenzie & Sudijono 198x, Solihin et al. 2015,  
Timor Fyan 1916 
E Kalimantan Doeglas 1931 
South China Sea Zhao 2005 

Radiolaria Roti –Mio-Pliocene Tan Sin Hok 1927, Riedel 1953 
Sumatra forearc Ling & Samuel 1998 
Celebes, Sulu Seas Scherer 1991a,b 
Waigeo Ling et al. 1991 

Diatoms Java  Grandjean & Reinhold 1933, Reinhold 1937, Ninkovich & Burckle 
1979, P. Siregar 1981, Burckle 1982 

Buton Reinhold 1952 
Indian Ocean Jouse & Kazarina 1974, De Decker and Gingele 2002 

Spores-Pollen 
palynology 

Zonations Germeraad et al. 1968,  Morley 1977, 1991, 1996, Yakzan et al. 1996,  
Mao & Foong 2013 

Dispersal, climate Morley 1998, 2000, 2003, 2007, 2011, 2012, Lelono 2007, 2012 
E Kalimantan, 
Makassar Straits 

Barre de Cruz 1982, Carter & Morley 1995, Polhaupessy 1998, 2007, 
Morley et al. 2004, 2006, Morley & Morley 2010 

East Java Sea Lelono & Morley 2011 
Java Polhaupessy 1980, 2009, Takahashi 1982, Rahardjo et al. 1994, 

Van der Kaars & Dam 1995, 1997, Lelono 2000, 2001, 2007, 2012  
Natuna Basin Morley et al. 2003, 2007) 
West Papua, PNG Lelono 2008, Playford 1982 

Dinoflagellate cysts Java Matsuoka 1981, 1983, 1984, Morgenroth et al. 2000, 2008, 2011 
NW Borneo Besems 1993 
Sunda Shelf Kawamura 2002 
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  Cenozoic Macrofossils 
 

Numerous papers have been published on Cenozoic macrofossils of Indonesia (Table 6). Much of this 
paleontological literature may be >100 years old, but since these old publications are mainly descriptions of 
fossils and fossil localities and often contain superb illustrations, they are still valuable today. 
 
In Indonesia Cenozoic macrofossils are mainly represented by molluscs and corals in marine deposits and by 
plants, petrified wood and fresh-water molluscs 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. For more detail see Van Gorsel (2014) An introduction to Cenozoic macrofossils of Indonesia 
in Berita Sedimentologi 30. 
 
A key publication on Indonesian fossil genera and species was the Professor 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 molluscs (Van der Vlerk), corals (Gerth), echinoids (Wanner) and 
plant fossils (Posthumus).  
 
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 an adequate number of microfossils 
(even in small drill samples) than it is to collect macrofossil assemblages . As a result there are very few active 
experts in the science of macrofossils and our knowledge on stratigraphic ranges of macrofossil species and 
their calibrations to modern time scales tend to be remain poorly known. 
 
   Molluscs 
Molluscs (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 molluscs 
belong to the Indo-Pacific bioprovince, which is very different from the Mediterranean Province. 
 
Most of the early paleontological studies were dedicated to molluscs and most of these were by Professor Karl 
Martin of Leiden University, who was nicknamed the 'Linnaeus of Java'. Martin mainly studied collections 
assembled by geologists/ mining engineers of the 'Dienst Mijnwezen of the East Indies'. He published 
numerous monographs and papers between 1879 and 1937, especially from Java, from where he identified a 
total of 1412 species of molluscs.  From the Pliocene of North Sumatra 347 species were identified (Martin, 
1928), and 232 species from the Pliocene of Timor (Tesch 1915, 1920). 
 
Molluscs were the principal fossil group used for age dating of Cenozoic sediments, until microfossils became 
the preferred biostratigraphic tools. Martin developed a 'Lyell-type' method of relative age determination, 
based on the decreasing percentage of living species in increasingly older fossil 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%. 
 
This Lyellian percentage method appeared to work reasonably well, but there were anomalies, especially in 
cases of deep marine mollusc 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 mollusc species 
was known from the Recent. However, associated foraminifera and diatoms suggested a Late Miocene-
Pliocene age, and the molluscs were subsequently recognized as deeper marine fauna, whose modern 
equivalents wee poorly known (Beets 1952). 
 
Oostingh (1938) and Shuto (1978) started building more conventional mollusc 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 mollusc zonation, nor the percentage method 
are still used for dating Cenozoic sediments today. 
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   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. 
 
Modern coral reefs in Indonesia have been described fairly extensively, particularly in a series of studies by 
Umbgrove between 1928 and 1947. Umbgrove 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). Veron et 
al. (2015) identified the Birds Head- Sulu Sea region as the global center of peak coral diversity. 
 
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 reefal 
limestones (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: 
- Von Fritsch (1877): Eocene corals of SE Kalimantan 
- Felix (1913-1921): Miocene-Pleistocene corals from Java, Kalimantan, Timor,  
- Gerth (1923): 120 coral species from the Late Tertiary of East Kalimantan 
- Gerth (1921, 1933): corals from Eocene- Miocene of Java; 
- Umbgrove (1924-1950): corals from Miocene-Pleistocene of Kalimantan, Java, Sumatra, Buton, etc.  
- Osberger (1954, 1955): Late Tertiary corals from Java. 
- Santodomingo (2014, 2015, 2016): Miocene corals from patch reefs in East Kalimantan. 
 
In an attempt to use corals for 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. 
 
 
   Plant fossils 
Plant fossils are locally common in Eocene and Mio-Pliocene non-marine deposits of Western Indonesia. 
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. 
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Early descriptions of plant fossils include: 
- Mio-Pliocene floras from West Java collected by Junghuhn (Goppert, 1854; Figure X.2.18.; 
- 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). 
 
Significant papers on petrified wood from Java and Sumatra include (additional references in Table 6: 
- 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). 
 
 

Table 6  - CENOZOIC MACROFOSSILS INDONESIA 
FAUNA/FLORA AREA   REFERENCES 
General Indonesia Escher et al. 1931 
Molluscs (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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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 

 

 
 

 
 

Figure X.2.18. Mio-Pliocene plant fossils from Java, collected by Junghuhn. 
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 X.3. Jurassic- Cretaceous 
 

A significant amount of literature has been published on Mesozoic faunas of Indonesia. This sub-chapter X.3 
of Bibliography 7.0 contains 87 papers on Jurassic- Cretaceous faunas and floras of Indonesia and 
surrounding regions. These tend to be papers of a more general nature, and the majority of references on this 
topic is in the area chapters if the fossils described were from a specific area only. Most of the key papers on 
Jurassic and Cretaceous fossil groups papers were flagged in Tables 7 and 8. For a more extensive 
introduction to Jurassic- Cretaceous faunas and floras in Indonesia see Van Gorsel (2014). 
 
Early reviews of Mesozoic geology and stratigraphy of Indonesia include Wanner (1925, 1931) and Umbgrove 
(1935, 1938).  Mesozoic fossil localities on Sumatra were discussed by Tobler (1923) and and Fontaine and 
Gafoer (1989). Another useful collection of Pretertiary paleontologic studies in SE Asia is Fontaine (1990). 
 
Other 'classic' reviews of Jurassic stratigraphy and key faunas of SE Asia include the papers by Fontaine et al. 
(1983), Sukamto and Westermann (1992) and Sato (1995). 
 
Many of the paleontological papers from Indonesia are quite old (most of them from the early 1900's), but are 
still valuable. These include monographs on Jurassic- Cretaceous ammonites, belemnites, brachiopods, 
bivalve molluscs, etc. More recent work is mainly by Fauzie Hasibuan, Bandung, but mainly on fossils from 
Misool island.  
 
The Jurassic in East Indonesia is dominated by open marine pelagic facies  (Misool, Sula, East Sulawesi, 
Buton, Timor, etc.) or by marine continental margin deposits, locally rich in ammonites and belemnites (West 
Papua). In West Indonesia (Sumatra, SW Sarawak), Jurassic shallow marine carbonate and clastic facies are 
more common. 
 
A characteristic deep marine Late Jurassic pelagic limestone facies with abundant radiolarians and 
calcispheres is known from Buton, East Sulawesi, Timor, Seram and Misool (Wanner 1940). In these areas 
the Jurassic is overlain by relatively thin Cretaceous pelagic limestones, often with radiolarian cherts and with 
common Globotruncana planktonic foraminifera in the upper parts. 
 
As noted above, early work on Mesozoic radiolaria was by Tan Sin Hok (1927), from Roti island, although he 
assumed they were of Late Neogene age.  Tan described 141 species and varieties (138 new) from four deep 
marine radiolarian-rich limestones from the Bebalain area, most of them of Late Jurassic- Early Cretaceous 
age. Subsequent authors recognized that most of these species were of Mesozoic age (Riedel 1952, 1953), 
and the samples must have come from the deep marine Jurassic-Cretaceous sediments that unconformably 
underlie the Plio-Pleistocene marls on Roti and Timor. Many of Tan Sin Hok's new species have since been 
reported from Late Jurassic-Early Cretaceous deep water sediments, such as the Argo Abyssal Plain 
(Baumgartner 1993), Tanimbar (Jasin and Haile 1996) and the SW Sulawesi Barru Complex (Munasri 2013). 
 
For age dating of Mesozoic rocks microfossils tend to be more significant than macrofossils. The preferred 

microfossil groups are: 
1. Radiolaria in deep marine deposits;  
2. Conodonts in Triassic and older shallow marine carbonates; 
3. Dinoflagellate cysts in Late Triassic- Early Cretaceous shallow marine continental margin clastics (widely 

used in oil exploration wells in NW Australia and New Guinea, but, little of this work has been published for 
the Indonesian region. 

4. Planktonic foraminifera and clcareous nannofossils in Cretaceous and younger open marine deposits; 
5. Spores-pollen in non-marine- marginal marine deposits. 
 
Unlike NE Thailand, Jurassic-Cretaceous vertebrate faunas are extremely rare in Indonesia, and limited to 
marine fish and reptile (Ichthyosaurus) fossils. 
 
  Jurassic- Cretaceous reefal limestones 
Unlike Late Triassic limestones, which are relatively widespread across the entire the Indonesian region, 
Jurassic and Cretaceous shallow marine reefal limestones are known mainly from the Sundaland region of 
western Indonesia (Sumatra, Kalimantan- Sarawak). With the exception of some Early Jurassic 'near-reefal' 
limestones on Timor and in the Kolonodale area of East Sulawesi, no Jurassic- Cretaceous shallow marine 
reefal limestones are known from the NW Australia- New Guinea domain (or terranes derived from it after 
Jurassic). 
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Late Jurassic reefal limestones are known from many localities in West and South Sumatra (all part of 'Woyla 
terranes'?) (Yabe 1946, Fontaine et al. 1983, Beauvais et al. 1988, 1989, Fontaine and Gafoer 1989). Many of 
these appear to contain the hydrozoan Cladocoropsis miriabilis and the foram Pseudocyclammina lituus.  
Another key Late Jurassic reefal limestone occurrence is the relatively thick Bau limestone of the West 
Sarawak- NW Kalimantan border area is (Wolfenden 1965, Beauvais and Fontaine 1990). 
 
These, and similar Jurassic limestones in West Thailand and the Palawan Block (Philippines), are rich in coral 
and calcisponges and stromatolites, but also have a relatively high mud matrix content, so these are 
sometimes characterized as 'lime mud mounds' (Beauvais et al. 1985). 
 
  Cretaceous Orbitolina 
Early to Mid-Cretaceous shallow marine limestones with the larger foram Orbitolina and rudist-type molluscs 
are generally interpreted as low-latitude Tethyan forms. They are also known from Sundaland, The Philippines 
and Japan, but not from Australia- New Guinea or Eastern Indonesia.  In West Indonesia they appear to define 
a belt of shallow marine deposits along the Early Cretaceous margin of Sundaland: 
- numerous localities across Kalimantan and West Sarawak (Martin 1888, 1889, Hofker 1963, Hashimoto and 

Matsumaru 1977), also Sabah (Leong 1972); 
- South Sumatra (Lampung and Gumai Mts= Woyla Terranes?) (Zwierzycki 1931, Musper 1934, Yabe 1946); 
- Central Java Lok Ulo accretionary complex (Verbeek 1891, Harloff 1933); 
- West Latimojong Mountains, SW Sulawesi (Brouwer 1934). 
 
 

 
 

Figure X.2.1. The first illustration of Early Cretaceous larger foram Orbitolina from West Kalimantan by Von 
Fritsch (1879), originally described as Patellina scutum). 

 
 

Table 7 -  CRETACEOUS FOSSILS  INDONESIA 
FAUNA/FLORA AREA REFERENCES 

Faunas- General 
SE Asia  Hashimoto et al. 1975 
Sumatra Beauvais et al. 1989 

Upper Cretaceous 
Pseudorbitoides, 
Omphalocyclus 

Birds Head Visser and Hermes 1962 

Papua New Guinea Crespin and Belford 1957, Glaessner 1962  
Kalimantan Van Gorsel 1978 

Upper Cretaceous 
planktonic 
foraminifera 
(Globotruncana) 

Timor, Leti Schubert 1915, De Roever 1940, Sartono 1975 
Sula islands Kholiq et al. 2011  
Misool Vogler 1941 
Sabah Adams and Kirk 1962 
Central Java Asikin et al. 1992 
W Kalimantan  Tan Sin Hok 1936 
SE Sulawesi, Buton Van der Vlerk 1925, Koolhoven 1932, Keijzer 1945 
PNG Owen 1973, Haig 1981  
Halmahera Brouwer 1923 

Calc. Nannoplankton West Papua Panuju et al. 2010  

Molluscs 
Sumatra Baumberger 1923, 1925, Musper 1934 
Kalimantan Martin 1889, Vogel 1904 
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South Sulawesi Hasibuan and Limbong 2009 
West Papua , PNG Heinz 1928, Skwarko 1967, Skwarko et al. 1983 

Early Cretaceous 
Orbitolina 

Kalimantan 
Von Fritsch 1879, Geinitz 1883, Martin 1888, 1889, Hofker 
1966, Hashimoto and Matsumaru 1974, Djamal et al. 1995, 
Bassi et al. 2009 

West Sulawesi Brouwer 1934 
W Sarawak Hashimoto and Matsumaru 1977 
Sabah Leong 1972 
Central Java Verbeek 1891, Verbeek and Fennema 1896, Harloff 1929 

S Sumatra Zwierzycki 1931, Musper 1934, Yabe 1946, Beauvais et al. 
1989 

Radiolaria 

Sarawak, Sabah Tan 1978, Jasin 1985-2000, Aitchison 1994, Asis and Jasin 
2012, 2013, Jasin and Tongkul 2013 

C Kalimantan Hinde 1900, Grunau 1965 
SE Kalimantan Wakita et al. 1998 
SW Sulawesi Wakita et al 1994, 2000, Munasri 1995, 2013 
South Central Java Okamoto et al. 1994, Wakita et al. 1994 
Buton Soeka 1991, Ling and Smith 1995 
Roti Tan Sin Hok 1927, Riedel 1953 

Timor Tan Sin Hok 1927, Clowes 1997, Munasri 1998, Munasri and 
Sashida 2018 

Ungar (Tanimbar) Jasin and Haile 1996 
N Indian Ocean Renz 1974, Riedel and Sanfilippo 1974, Baumgartner 1993 

Lower Cretaceous 
calpionellids 

Buton, Timor Wanner 1940 
NW Australia Brunnschweiler 1960 

Ammonites 

Sumatra Baumberger 1925 
SW Sarawak Ishibasi 1982 
W Kalimantan Krause 1904, 1911, Von Koenigswald 1939 
PNG Matsumoto and Skwarko 1991, 1993 

Lower Cretaceous 
belemnites 

West Papua Challinor 1989 
NW Australia-SE Asia Mutterlose 1992 

Fish (shark teeth) Timor Weiler 1932, De Beaufort 1932  
Rudists NW Borneo Lau 1973, Fontaine and Ho 1989, Skelton et al. 2011 

SE Kalimantan Martin 1888 
Misool Boehm 1924 
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Table 8-    JURASSIC FOSSILS  INDONESIA 
  FAUNA/FLORA    AREA   REFERENCES 

Jurassic Stratigraphy 
Sumatra Fontaine et al. 1983 
Indonesia Wanner 1931, Sato 1975, Sukamto and Westermann 1992 

U Jurassic calcispheres 
(Pithonella) 

Seram, Buton, Misool, 
Timor  

Brouwer 1919, Tan Sin Hok 1927, Wanner 1940, Vogler 
1940, Bolli 1974 

Buton Bothe 1927 
Roti Tan Sin Hok 1927 

Late Jurassic limestones 
with Cladocoropsis, 
Pseudocyclammina 

NW Kalimantan/ 
Sarawak (Bau Lst) 

Wilford and Kho 1965, Wolfenden 1965, Beauvais and 
Fontaine 1990  

Sumatra Silvestri 1925, 1932, Yabe 1946, Hanzawa 1947, Bennett et 
al. 1981, Beauvais 1983, 1989, Bassoulet 1989  

NE Palawan Fontaine et al. 1983, Bassoulet 1983 

U Jurassic corals 
Sarawak Beauvais and Fontaine 1990 
Sumatra Beauvais 1983, 1989 

Late Jurassic shallow 
marine foraminifera 

W Sarawak (Bau Lst) Bayliss 1966 
Sumatra Silvestri 1925, 1932, Yabe 1946, Bassoulet 1989,  

Middle- Late Jurassic 
Belemnites 

Misool Stolley 1929, 1935, Challinor 1989, 1991 

Sula Islands Boehm 1907, 1912, Kruizinga 1921, Stolley 1929, Challinor 
and Skwarko 1982, Challinor 1989, 1991 

Timor, Roti, Babar Rothpletz 1892, Stolley 1929, Stevens 1964 
Yamdena Stolley 1929 
W Papua/ PNG Challinor 1990 
Central Sulawesi Stolley 1943 
Indo-Pacific Stevens 1965 

E-M Jurassic bivalves 

NW Kalimantan, 
Sarawak 

Martin 1899, Vogel 1896, 1900, Newton 1897, 1903, 
Tamura and Hon 1977, Hayami 1984 

Timor Krumbeck 1923 
Misool Soergel 1913, Wandel 1934, Hasibuan 2004 
PNG Skwarko 1973, Grant-Mackie et al. 2006 

U Jurassic bivalves 
(Malayomaorica, 
Inoceramus haasti) 
('anti-tropical') 

Sula, Buru, Seram,  Krumbeck 1923, Wandel 1936  
Timor, Roti  Krumbeck 1922, 1923 
Misool Krumbeck 1934 
E Sulawesi Hasibuan and Kosworo 2008 
Papua New Guinea Glaessner 1945, Edwards and Glaessner 1953 
Australia NW Shelf Brunnschweiler 1960  

M-U Jurassic ammonites 
 

Sula Islands Kruizinga 1926, Westermann and Callomon 1988  

W Papua- PNG 
Boehm 1913, Gerth 1927, 1965, Schluter 1928, Westermann 
and Getty 1970, Westermann and Callomon 1988, 
Westermann 1995  

Timor, Roti Boehm 1908 
Babar Callomon and Rose 2000 
W Kalimantan Schairer and Zeiss 1992 

E Jurassic ammonites 
Yamdena, E Sulawesi Wanner and Jaworski 1931, Jaworski 1933 
Roti, Timor Krumbeck 1922 
W Kalimantan Krause 1911, Hirano et al. 1981 

M-U Jurassic Radiolaria Sumatra McCarthy et al. 2001 
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SE Kalimantan Wakita et al. 1998 
W Sarawak Jasin et al. 1996, Jasin and Said 1999 
East Sulawesi Hojnos 1934 
Sula Islands Pessagno and Meyerhoff Hull 2002 
Timor, Roti Sashida et al. 1999, Haig and Bandini 2013 

U Jurassic nannofossils 
Sula islands Panuju 2011 
Timor Kristan-Tollmann 1988a,b 
PNG Haig 1979 

Jurassic- E Cretaceous 
Dinoflagellate zonations  

NW Australia margin 
Cookson and Eisenack 1958, 1960, 1974, Helby Morgan and 
Partridge 1987, 2004, Partridge 2006, Mantle 2009, Mantle 
and Riding 2010, Riding, Helby et al. 2012 

Papua New Guinea Davey 1988, 1999, Welsh 1990 
Misool Helby and Hasibuan 1988, Sarjeant et al. 1992 
Sula Islands Lelono and Nugrahaningsih 2012 

Spores-Pollen NW Australia margin Burger 1996 
Jurassic Coccoliths Timor Kristan-Tollmann 1988 
E Jurassic brachiopods Seram Wanner and Knipscheer 1951 
Lithiotis Limestone Timor Fatu Limestone Krumbeck 1923, Geyer 1977, Hayami 1984 
 
 

 
 

Figure X.2.  Early Jurassic ammonites. 1. Lytoceras rotticum, 2. Arietites (Euechioceras) wichmanni and 3. 
Aegoceras subtaylori 3 from Roti (Krumbeck 1922); 4. Arietites geometricus from Batu Baraketak mud 
volcano, Roti (Rothpletz 1892); 5. Aegoceras borneense from West Kalimantan (Krause 1911). 
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 X.4. Triassic 
 

This sub-chapter X.4 of Bibliography 7.0 contains 74 papers on Triassic faunas and floras of the Indonesian 
region.  These tend to be papers of a more general nature, and many more titles on this topic are in the 
various area chapters if the fossils described are from a specific area only. Many of those papers were flagged 
in Table 9, which lists most of the key papers on the Triassic fossil groups. Much of this introduction is from 
Van Gorsel (2014). 
 
A large amount of literature exists on Triassic faunas of Indonesia.. Early reviews of Triassic faunas and facies 
in the Indonesian region include Zwierzycki (1925), Wanner (1931) and Umbgrove (1935).  A more recent, 
brief review of Triassic biostratigraphy and correlations of East Indonesia is by Hasibuan (2010). 
 
Triassic sedimentary and igneous rocks are relatively widespread in Indonesia, both in East and West, 
especially Late Triassic rocks (Early Triassic is only known from Timor). They represent a wide variety of 
shallow and deep marine facies, in limestones, clastics and pelagic cherts. Triassic fossils have been 
described from Timor- Roti, Sumatra, W Kalimantan, E Sulawesi, Buton, Buru, Seram, Ambon, Misool, etc. 
 
Most marine Triassic deposits of SE Asia- Indonesia appear to represent relatively low-latitude depositional 
settings in and around two branches of the Tethys Ocean (Paleo-Tethys, Mesotethys).  Many of the authors of 
paleontological papers on Triassic faunas from East Indonesia since the early 1900's commented on the 
Alpine-Tethyan affinity of these Triassic faunas, with remarkable similarities in many of the species and rock 
facies between Indonesia and the eastern Alps, Himalayas, etc. 
 
Triassic is a period characterized by major extinction events at both its base and at its top. 
 
At many localities in Eastern Indonesia the Middle- Late Triassic is developed in a 'flysch-type' clastic facies, 
locally overlain by Norian-Rhaetian limestones (Timor, Savu/ Roti, Leti/ Babar, East Sulawesi, Seram, Ambon, 
Misool, Buru, Buton, etc.).  
 
  Triassic shallow marine bivalves 
The composition of Triassic bivalve assemblages in the Indonesian region varies depending on facies and 
paleogeographic setting: (1) shallow marine 'Myophoria faunas' and (2) deep marine, pelagic bivalve faunas 
characterized by Daonella, Halobia or Monotis (see below).  
 
Shallow marine Middle- Late Triassic bivalve-dominated limestones and sandstones with common Myophoria, 
Cardita, Gervillia, Costatoria, Paleocardita, Indopecten verbeeki, Pinna blanfordi, Krumbeckiella = Timoria 
timorensis Krumbeck), etc., have been reported from both West Indonesia (Sumatra) and East Indonesia 
(Misool, Buru) (Figure 1).  
 
Among the richest assemblages are the Nucula marls from Misool (Jaworski 1915). These are generally 
viewed as 'Tethyan' in nature, but may be assumed to be part of the southern, Gondwana margin of the 
(Meso-?)Tethys in Triassic time. The bivalve-rich 'Padang Fauna' of West Sumatra, collected by Verbeek NE 
of Lake Singkarak, was initially described by Boettger (1881) as an Early Eocene age assemblage. It contains 
Myophoria, Paleocardita globiformis, Pinna blanfordi and Pecten (Indopecten) verbeeki and was re-described 
and re-interpreted by Krumbeck (1914) as Late Triassic in age, with strong affinities to Circum-Mediterranean 
Carnian faunas, 
 
'Myophoria sandstone' is also known from various localities in the central belt of the Malay Peninsula and 
Singapore (authors in Table 1), in what is now called the Semantan Formation and which are viewed as 
marine deposits in a foreland basin tied to the closure of the Paleo-Tethys during final E-ward subduction of W 
Malaya lithosphere beneath Eastern Malaya (Ismail et al. 2007). 
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Figure X.4.1. Typical Late Triassic shallow marine bivalves from Sumatra and Misool. 1. Paleocardita 

globiformis, 2-3. Pecten (Indopecten) verbeeki and 4. Myophoria myophoria from West Sumatra (from 
Boettger 1881, Krumbeck 1914).. 5-6. Myophoria vestita from 'Nucula Marls' of Misool (Jaworski 1915). 

 
  Triassic (hemi-)pelagic bivalves 
Middle and Late Triassic deep marine shales and pelagic deposits in the Tethyan and Circum-Pacific regions 
often contain beds with common flat, thin-walled bivalves (also called 'flat clams' or 'paper shells'; Figures 
X.4.2, X.4.3). Pelagic bivalve assemblages are dominated by Claraia in Early Triassic, Daonella in Middle 
Triassic (Early Carnian), Halobia in Late Triassic (Carnian- Norian) and Monotis in latest Triassic (M Norian- 
Rhaetian; McRoberts 2010). Where found, they are often abundant and rock-forming. They are important 
biostratigraphic index fossils. 
 
In Indonesia Triassic pelagic bivalves are found in East Indonesia, in the deep marine deposits of Timor 
(Krumbeck 1924), Roti, Buton (Sikumbang et al. 1995), Seram (Wanner 1907), Buru, Misool, Babar, etc. In 
West Indonesia they are known from Sumatra. They are not known from Australia, but this could be due to a 
scarcity of open marine facies of that age. 
 
 

 
 

Figure X.4.2 .Late Triassic hemi-pelagic bivalves Monotis salinaria from Seram (Wanner, 1907) 
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Figure X.4.3. Middle Triassic pelagic thin-shelled molluscs Daonella indica from the Baung area, Timor 
(Krumbeck 1924). Massive hemi-pelagic shell accumulations like these are common in Triassic deep marine 
deposits across the (Meso-)Tethys Ocean. 

 
These pseudo-pelagic, thin-shelled bivalves may have an 'anti-tropical' geographic distribution, like 
morphologically and ecologically comparable bivalves in the Late Jurassic (Buchia, Aucella, Malayomaorica) 
and Cretaceous (Inoceramus). Some provinciality between species has been suggested for Late Triassic 
Monotis (Westermann 1973, Thenius 1980, Silberling 1985), with Tethyan Norian assemblages characterized 
by Monotis salinaria. 
 
 
  Triassic ammonoids 
Early, Middle and Late Triassic ammonoid assemblages are the most diverse of all ammonoid assemblages in 
Indonesia, and most of the species are from thin but complete condensed pelagic cephalopod limestones of 
Timor.  
 
They were described in voluminous monographs by Welter (1922, 1915 and 1914 respectively) and Diener 
(1923). The Triassic 'Cephalopod Limestone' of Timor is a condensed, pelagic facies commonly called 
'Hallstatt-type', and is the only place in Indonesia with a complete marine Triassic  succession. Unfortunately 
the formation is mainly known from isolated blocks in in melange formation, but at Kapan, West Timor, Wanner 
(1913) observed the transition between Permian crinoid limestone into Early Triassic cephalopod limestone. 
Restored thickness suggests the entire Triassic in cephalopod limestone facies is very thin (<10m).  Many of 
the fossils in this limestone are coated with a thin manganese layer, reflecting long periods of non-deposition, 
on a deep sea floor. Timor is the only place in Indonesia with known Early and Middle Triassic ammonoids. 
 
In the Early Triassic ammonoid faunas had to recover from the mass extinction at the end of the Permian, after 
which new, diverse ammonoid assemblages developed rather rapidly. In Indonesia Early Triassic ammonoid 
faunas are known only from the cephalopod facies of Timor, from where Welter (1922) described 71 species of 
genera Meekoceras, Flemingites, etc.   
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Middle Triassic ammonoids from Timor were first documented by Welter (1915). As noted by Welter (1922) 
Early Triassic ammonoid assemblages from West Timor share many similarities with Himalayan-
Mediterranean Triassic faunas. 
 
Late Triassic ammonoid faunas of Timor are also extremely rich and diverse and are characterized a.o. by 
haloritids Halorites and Juvavites, Anatomites, Amarassites and many others (Figure X.4.4). Von Arthaber 
(1926) distinguished 110 species in the Carnian-Norian. Tatzreiter (1981) counted 90 species of 
trachyostracous ammonoids (not including the more numerous leiostracous ammonoids) in a 1m thick block of 
condensed Middle Norian limestone at Baun. Wanner (1931) reported 462 species from a 2m thick block of 
Carnian Cephalopod Limestone at Bihati. 
 

 
 
Figure X.4.4. Example of some Late Triassic ammonoids from Timor. 1. Juvavites sarasinii from Bihati (Diener 

1923), 2. Neotibetites (Krumbeck 1913), 3. Cladiscites crassestriatus from Bihati (Von Arthaber 1927), 4. 
Agathiceras. 

 
  Triassic brachiopods 
Late Triassic brachiopod assemblages in East Indonesia often contain the rhynchonellid brachiopod species 
Misolia misolia (Figure X.4.5). The species is typical of Carnian-Norian (and younger?) shelfal marine deposits 
of the Gondwana margin of the southern/eastern Mesotethys (Dagys, 1993), and has been reported from 
Oman through the Spiti area of the Himalayas to East Indonesia and the NW Australian margin. In eastern 
Indonesia it is present in Misool, Timor, East Sulawesi, Buru, Seram, Ambon and Buton (references in Table 9 
and the Bibliography). 
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Figure X.4.5. Triassic rhynchonellid brachiopod Misolia misolia from Buru (1) and from 'Athyrid Limestone' of 
Misool (Von Seidlitz, 1913). 
 
  Triassic corals 
Following the major end-Permian extinction event, corals are relatively rare globally through much of the 
Triassic. The Late Triassic is a time in which coral reef limestones become common again along the Tethys 
margins, although calcareous sponges and algae remain important components of these reefal limestones. 
 
In Indonesia Late Triassic corals are known from 'Fau Limestone' of Timor (Vinassa de Regny 1915), the 
Manusela Limestone of Seram (Wanner 1907, Wilckens 1937) and from Bangka (De Neve and De Roever 
1947). Characteristic genera include Thecosmilia spp., Isastraea, Retiophyllia and Montlivaltia (Figure 6). 
Many of the species from Timor are the same as those from the Austrian Alps (Vinassa de Regny 1915). 
 
  Late Triassic hydrozoan or stromatoporoid Lovcenipora 
Upper Triassic reefal limestones in SE Asia often contain a hydrozoan or stromotoporoid named Lovcenipora 
vinassai (Seram, Timor; Wanner 1952; Figure 6). This is a Tethyan taxon, common in the Late Triassic of the 
Mediterranean. It was erroneously equated with a somewhat similar-looking Late Jurassic Tethyan hydrozoan 
Cladacoropsis mirabilis (Renz 1926), but these are separate taxa (Yabe 1946).  It had led workers like Van der 
Sluis (1949) to erroneously assign a Jurassic age to the Manusela Limestone of Seram, an opinion followed by 
Van Bemmelen (1949), but fiercely protested by Wanner et al. (1952), but is still somewhat entrenched in 
Seram geological literature (Kemp 1992, etc.; see also Charlton and Van Gorsel (2014).  
 
In Indonesia Triassic Lovcenipora is known from Seram, Buru (Gerth 1910) and from the Fatu Limestones of 
Timor (Vinassa de Regny 1915, Pia 1924). Lovcenipora has also been described from Jurassic- Cretaceous of 
Sumatra, but in most cases these are misidentifications and should be assigned to Cladocoropsis miriabilis 
(e.g. Yabe 1946). 
 
  Heterastridium 
Hetrastridium is a remarkable Late Triassic hydrozoan fossil that is widespread in the Norian of the Tethys 
realm. It is a globular fossil, with a diameter typically 1-5cm and is the only hydrozoan colony with a probably 
(hemi-) pelagic lifestyle. It is locally abundant in the Upper Norian of the Hallstatt limestone in the Carnian 
Alps. From here it is distributed through the Tethyan belt towards East Indonesia, The Philippines and New 
Caledonia (Campbell 1974) to the Panthalassan terranes in Japan, New Zealand and North America. 
 
In Indonesia Heterastridium conglobatum is locally common on Timor (Gerth 1915, 1942; Figure X.4.6.). It is 
found mainly in the thin, condensed pelagic 'Cephalopod Limestone', which is mainly composed of ammonites, 
and which is commonly compared to the 'Hallstatt-facies' of the Northern Calcareous Alps. Other occurrences 
include East Seram (Gerth 1909, 1942) and Misool (Krumbeck 1913). 
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Figure X.4.6. Late Triassic pelagic hydrozoan Heterastridium conglobatum from Timor. 1. From Bihati (size 
~3.2cm); 2-3 From Oe Batok, Amarassi (size ~2 cm) (Gerth, 1915, 1942). 
. 
 
  Late Triassic Krusin/ Tonkin floras 
A characteristic Late Triassic floral assemblage is present in Indochina and South China, termed the 
Dictyophyllum-Chlathropteris floristic province and is viewed as a Late Carnian-Norian coastal floristic 
assemblage. Representatives of this flora are also found in SW Sarawak ('Krusin Flora'; Kon'no 1968, 
Vozenin-Serra 1983, Kimura 1984), in dredge samples from Reed Bank in the South China Sea (Kudrass et 
al. 1986) and probably also on Bintan Island, Riau (Jongmans 1951). The floral similarities suggest NW 
Borneo was closely connected to Indochina in Late Triassic time. 
 
 

Table 9-    TRIASSIC FOSSILS  INDONESIA 
 FAUNA/FLORA     AREA     REFERENCES 
Trias faunas, 
biostratigraphy 

General Wanner 1907, 1931, Zwierzycki 1925, Hasibuan 2008, 
Charlton et al. 2009 (Timor) 

Timor Charlton et al. 2009 
Late Trias Bintan Flora Riau Archipelago,  Jongmans 1951, Wade-Murphy et al. 2008  

Late Trias Tonkin/ 
Krusin Flora 

N Vietnam, Thailand Kon'no and Asama 1973, Vozenin-Serra and Franschesci 
1999 

Reed Bank, S China Sea Kudrass et al. 1986 
SW Sarawak Kon'no 1968, 1972, Kimura 1984 

Late Trias Palynofloras Seram Martini et al. 2004 
Dinoflagellates Seram Helby et al. 1987, Martini et al. 2004 

Late Trias corals 
Buru Gerth 1910 
Timor  Vinassa de Regny 1915, Roniewicz et al. 2005 
Seram  Wilckens 1937 

Heterastridium 
(hydrozoan) 

Timor, Seram Gerth 1909, 1915, 1927  
Misool Krumbeck 1913 

Late Trias brachiopods 
(incl. Rhaetian Misolia) 

Misool Von Seidlitz 1913, Hasibuan 1990, 2012, MacFarlan et al. 
2011 

Seram Deninger 1918, Krumbeck 1922, Wanner 1923, 1952 
Buru Von Seidlitz 1913, Krumbeck 1913 
Ambon Jaworski 1927 
East Sulawesi Von Loczy 1934, Von Kutassy 1934 
Buton Hasibuan 2010 
Timor Krumbeck 1922, 1924, Grunau 1957  
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NW Australia margin Campbell 1994 

M-L Trias pelagic 
bivalves (Daonella, 
Halobia, Monotis) 

Thailand  Kobayashi and Tokuyama 1959 
W Kalimantan, Sarawak  Vogel 1904, Tamura and Hon 1977, Silberling 1985 
Seram Krumbeck 1922 

Timor, Roti Rothpletz 1892, Wanner 1907, Krumbeck 1924, Kutassy 
1931, Ichikawa 1958, Gruber in Kristan-Tollmann 1987 

Sumatra Volz 1899, Krumbeck 1914 
PNG Skwarko 1967, 1973, Skwarko and Kummel 1974 

M-L Trias shallow 
marine bivalves 
(Myophoria assemblages) 

W Sumatra Boettger 1981, Krumbeck 1914, Musper 1930 
Buru Krumbeck 1913 
Misool  Jaworski 1915 
Papua New Guinea Skwarko 1963, 1973 
Malay Peninsula, 
Singapore 

Newton 1903, 1925, Cox 1936, Tokuyama 1961, 
Kobayashi and Tamura 1968, Tamura 1970, 1973 

Gastropods Timor Tichy 1979  

Lovcenipora 
Seram, Burur Wanner 1907, 1952,  Gerth 1910, Pia 1924  
Timor  Vinassa de Regny 1915, Krumbeck 1921, 1924? 
Sumatra  Vinassa de Regny 1915 

U Trias foraminifera 
Timor Kristan-Tollmann 1988 
Sumatra Vachard 1989 
PNG Kristan-Tollmann 1986, 1990 

U Trias belemnites Timor Wanner 1911, Von Bulow 1915, Gheyselinck 1934 

U Trias ammonites 
Timor Wanner 1911, Welter 1914, 1915, Diener 1923, Kieslinger 

1924, Von Arthaber 1926, Tatzreiter 1980,1981, 1983 
Buru, Seram Krumbeck 1913, Wanner 1928 

E-M Trias ammonites Timor Welter 1915, 1922, Kummel 1968, Nakazawa and Bando 
1968, Brayard et al. 2009 

Trias conodonts 
Sumatra Metcalfe et al. 1979, 1989 

Timor Nogami 1968, Koike 1984, Berry et al. 1984, Nicoll and 
Foster 1998  

M-U Trias radiolaria 
Timor Hinde 1908, Rose 1994, Sashida et al. 1996, 1999 
South Sumatra (Garba) Putra and Munasri 2016 

U Trias dasyclad algae Seram, Buru Pia 1924 

Norian-Rhaetian reefal 
limestones 

SE Asia Vachard and Fontaine  1988 
Sumatra Metcalfe  et al. 1979, 1989 

Seram, Buru Wanner 1907, Martini et al. 2004, Charlton and Van 
Gorsel 2014  

East Sulawesi Martini et al. 1997 
Banda Sea (Sinta Ridge) Villeneuve et al. 1993, 1994 
Timor  Welter 1914, 1915, Haig et al. 2007 
Bangka  De Neve and De Roever 1948 
Papua New Guinea Skwarko et al. 1976, Kristan-Tollman 1986, 1990 
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 X.5. Paleozoic 
 

This sub-chapter X.5 of Bibliography 7.0 contains 106 papers on Paleozoic faunas and floras of the 
Indonesian region, as well as related forms from mainland SE Asia.  These tend to be papers of a more 
general nature, and many more titles on this topic are in the various area chapters if the fossils described were 
from a specific area only. Many of those papers were flagged in Tables 10-12, which list most of the key 
papers on Paleozoic fossils. 
 
A fair body of literature exists on Paleozoic faunas of Indonesia, but much of it is in older and hard-to-find 
books and papers, and many of the papers are not in English or Indonesian. An early review of Paleozoic 
stratigraphy is by Brouwer (1931).  Much of this introduction is from Van Gorsel (2014) 'Introduction to 
Paleozoic fossils' in Berita Sedimentologi 31. 
 
In the Indonesian region the most complete Paleozoic sedimentary section is in West Papua, South of the 
Central Range, where older parts of the Australian continental margin sequence are exposed. The oldest 
fossils are Ordovician-Silurian age corals and graptolites.  
 
In West Indonesia the only Early Paleozoic fossils are the enigmatic occurrence of a Devonian coral and 
stromatoporoid in limestone blocks in a melange section of uncertain age in NE Kalimantan. Relatively 
complete Paleozoic successions are known from the 'Sibumasu terrane' along the West part of the Malay 
Peninsula (Langkawi Islands, etc.), Peninsular Thailand, NW Thailand and East Myanmar, but somehow pre-
Permo-Carboniferous rocks have not been reported from Sumatra, much of which is supposed to part of the 
Sibumasu terrane.  
 
Late Paleozoic (Permian) faunas and floras are more widespread than Early Paleozoic in the Indonesian 
region. Well-known localities include West Papua (Visser and Hermes 1962), West Sumatra (Fontaine and 
Gafoer 1989), NW Kalimantan- SW Sarawak (Terbat Limestone; Fontaine 1990, Vachard 1990) and Timor 
(numerous papers). 
 

 
 
Figure X.5.. Distribution of Paleozoic rocks/ fossils in Indonesia, showing the main Paleozoic outcrop areas on 
North and West Sumatra, NW Borneo, Timor and West Papua. (Umbgrove 1938). 
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  Early Paleozoic (Ordovician- Devonian) 
Early Paleozoic deposits are very rare in Indonesia, where the oldest fossils are Ordovician-Silurian nautiloids, 
conodonts and graptolites from West Papua. The oldest fossils from Western Indonesia are a Devonian 
Heliolites coral and a stromatoporoid from limestone blocks in a melange deposit in NE Kalimantan (Rutten 
1940, 1947, Sugiaman and Andria 1999). 
 
A Late Devonian brachiopod and a Permian ammonite were reported from the Kalosi region of C Sulawesi by 
Brouwer (1919), but their localities were never confirmed. They were believed to probably come from a local 
Chinese pharmacy by Von Koeningswald (1933).  
 
The oldest fossils described from Indonesian territory are from the Ordovician-Silurian of West Papua. 
Cambrian and Late Precambrian sediments are probably present in this as well, but no diagnostic fossils have 
yet been recovered. Studies of Paleozoic fossils from West Papua are few, probably partly because faunas 
are not abundant and partly because outcrops of Early Paleozoic are in areas with difficult physical and 
political access. Most of the fossils described are from float samples from rivers draining the southern slopes 
of the Central Range. 
 
Ordovician fossils reported from West Papua include: 
1. Conodonts from 'basement limestone' in oil exploration wells Noordwest 1 and Cross Catalina 1 in the 

Central Range, including Ordovician Serratognathus bilobatus (Nicoll 2006). These limestones are part of 
the extensive Middle Cambrian- Early Ordovician Goulburn Group of carbonate-dominated shelf sediments, 
which underlie most of the Arafura Sea and West Papua South of the Central Ranges (Zhen et al. 2012); 

2. Llanvirnian graptolites from shale from the Heluk River in the eastern foothills of the Central Range (Fortey 
and Cocks 1986; not described or illustrated); 

3. Possible occurrences of Ordovician-age orthoconic nautiloids of the Orthoceras-group, described as 
Irianoceras antiquum by Kobayashi and Burton (1971), but this was deemed to be a junior synonym of 
Bactroceras latisiphonatum Glenister 1952 by Crick and Quarles van Ufford (1995). These nautiloids are 
from black shale nodules in river float within and south of the Central Range of West Papua. The problem is 
that (1) the nodules look very similar to those from Lower Kembelangan Formation black shales, which 
yielded common Middle-Late Jurassic ammonites, and (2) the fossils appear to have been collected in areas 
with nearby outcrops of Jurassic rocks, but with no evidence of any Paleozoic sediments. These 
observations suggest a more likely Jurassic age for these nautiloids, but this type of straight nautiloids is not 
known from post-Triassic rocks anywhere in the world. It is hard to decide whether these 'Ordovician' 
nautiloids represent (1) material from as yet unidentified outcrops of Ordovician shales in the Central Range; 
(2) an as yet undescribed nautiloid species of Jurassic age, or (3) reworked Ordovician fauna into Middle-
Late Jurassic sediments. 

4. Another occurrence of molds of possible Ordovician Orthoceras is in phyllitic shale (presumably Kemum 
Formation), just N of the mouth of the Wesan River in the NW part of the Birds Head (Kruizinga 1957). 

 

 
 

Figure X.5.1. The characteristic Silurian tabulate 'chain coral' Halysites wallichi from a tributariy of the 
Noordoost/ Lorentz River, West Papua (Musper 1938). 
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Silurian-age fossils are known only from West Papua: 
1. Graptolites Monograptus turriculatus and M. marri from the highly-deformed deep water sediments of the 

Kemum Formation in the north-central Birds Head (Llandoverian; Visser and Hermes 1962); 
2. Small trilobites and brachiopods from float samples in rivers draining the southern slopes of the Central 

Range (Martin, 1911), associated with Silurian conodonts (Ludlowian; Van den Boogaard 1990); 
3. Conodonts from Modio Dolomite in Charles Louis Range, SW West Papua, with Panderodus cf. simplex, 

indicate a Silurian age (Nicoll and Bladon 1991); 
3. Silurian cosmopolitan coral Halysites wallichi was also found in river float in a tributary of the 

Noordoost/Lorentz River (Musper, 1938; Figure Figure X.5.1); 
4. Late Silurian (M Ludlow) thelodont and acanthodian fish scales from Lorenz River in eastern W Papua and 

Kemum Fm of north part of Birds Head (Turner et al. 1995). 
 
 
  Devonian 
Devonian fossils are relatively rare in Indonesia, and are known only from West Papua and from blocks in 
melange in NE Kalimantan.  
 
Middle or Late Devonian corals, including Heliolites and Favosites, and stromatoporoids, have been reported 
from the dark grey 'Modio Dolomite Formation', which outcrops south of the Central Range of West Papua 
(Gerth 1927, Keijzer 1941, Oliver et al. 1995). These carbonates may be remnants of a widespread Middle 
Devonian reef system that continues for about 2000 km along the East Australia and New Guinea margin 
(Copper and Scotese 2003, Torsvik and Cocks 2013). Pebbles of M-U Devonian sandstones with the 
brachiopod genus Spirifer were reported from the same region by Teichert (1928). 
 
In NE Kalimantan Devonian corals (Heliolites) and the stromatoporoid Clathrodictyon cf. spatiosum are 
present in limestone blocks in the 'Danau Formation' melange complex at the Telen River (Rutten 1940, 1947). 
Heliolites is a genus that is geographically widespread, also known from Indochina, NE Thailand, Laos, East 
Australia and Europe. Age of the melange complex has not been properly documented, but is likely of Early 
Cretaceous age (Tate 1992). 
 
 

TABLE 10 - ORDOVICIAN- DEVONIAN 
FAUNA/FLORA              AREA                      REFERENCES 

Devonian corals 
West Papua Gerth 1927, Keijzer 1941, Oliver et al. 1995 
NE Kalimantan Rutten 1940, 1947, Sugiaman and Andria 1999 

Devonian brachiopods West Papua Stehn 1927, Feuilleteau de Bruyn 1921 

Late Silurian-Devonian 
fish 

West Papua Turner et al. 1995 
SE Asia Wang et al. 2010 

Silurian corals W Papua- S of C Range Gerth 1927, Teichert 1928, Musper 1938 
Silurian conodonts W Papua- S of C  Range Van den Boogaard 1990, Nicoll and Bladon 1991 

Ordovician-Silurian 
graptolites 

W Papua, Birds Head Visser and Hermes 1962 (Silurian) 
W Papua, Heluk River Fortey and Cocks 1986 (M Ordovician) 

Ordovian(?) orthoconic 
nautiloids 

W Papua Star Mountains Kobayashi. and Burton 1971 
W Papua Central Range Crick and Quarles van Ufford 1995 
Birds Head Kruizinga 1957 

E Ordovician conodonts W Papua, S Central Range Nicoll 2002, 2006 
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  Carboniferous 
Carboniferous sediments and fossils are comparatively rare in the Indonesian region, and are limited to North 
Sumatra, West-Central Sumatra, West Papua and possibly also NW Kalimantan. In the late 1800's many of 
the dark-colored Permian limestones from Sumatra were erroneously assigned to the Carboniferous, due to 
their superficial resemblance to the Visean 'Kohlenkalk' of NW Europe. 
 
  Sumatra 
Early Carboniferous sediments are the oldest sediments identified in Sumatra and may be from two different 
tectonic terranes (Fontaine and Gafoer, 1989, Barber et al. 2005): 
- temperate late Visean Alas Fm limestones in North Sumatra, age-datd with conodonts (Metcalfe 1983). 

These are probably part of the Sibumasu Terrane, which at this time was still part of the Australian margin. 
- shallower marine and warmer-climate Kuantan Fm limestone with corals (Syringopora, Siphonodendron), 

calcareous algae (Koninckopora) and cosmopolitan foraminiferal assemblages from West Sumatra (Agam 
River, NE of Padang; Fontaine and Gafoer, 1989, Kato et al. 1999). This is part of the West Sumatra Block, 
with likely affinities to the low-latitude Indochina Block. 

 
The unfossiliferous pebbly mudstones of the Bohorok Formation of West and North Sumatra are probably 
glacial deposits from the widespread Late Carboniferous- earliest Permian glaciation of Gondwana, but no 
fossils have been reported (similar rocks from Langkawi, NW Malaysia, do have cold-water brachiopod, etc. 
faunas). 
 
  NW Kalimantan- West Sarawak 
In NW Borneo, in the border area between West Sarawak and NW Kalimantan, the oldest fossil-bearing rocks 
are tightly folded, steeply dipping sediments with chert and grey limestones of the Terbat Formation. These 
contain diverse latest Carboniferous and earliest Permian fusulinid assemblages with Pseudoschwagerina, 
Paraschwagerina, etc. (Krekeler 1932, 1933, Cummings 1962, Sanderson 1966, Vachard 1990, etc.). 
Correlative deposits are present in NW Kalimantan (Zeijlmans van Emmichoven, 1939). The fusulinid 
assemblages suggest affinity with low-latitude Cathaysian regions, not with the Sibumasu terrane. 
 
  West Papua 
Conodonts from the Aimau Fm in the SW Tamrau Mountains of the Birds Head contain conodonts typical of 
Late Carboniferous (Hindeodus minutus, Neognathus; Nicoll and Bladon 1991).  
 
 

TABLE 11 - CARBONIFEROUS 
FAUNA/FLORA AREA  REFERENCES 

Corals 
W Sumatra Fontaine 1983, 1989 
West Papua Kato et al. 1999 
Thailand Fontaine et al. 1991 

Foraminifera 
W Sumatra Metcalfe 1983, 1989, Vachard 1989  
NW Borneo  Cummings 1962, Sanderson 1966, Vachard 1990 

Conodonts 
Sumatra Metcalfe 1983, 1986 
West Papua Nicoll and Bladon 1991 
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  Permian 
Relatively rich Permian faunas and floras are known from many localities in mainland SE Asia, Indonesia and 
West Papua. In Indonesia Permian faunas and floras are common on Timor, West-Central Sumatra and West 
Papua (not in Papua New Guinea) and, to a lesser degree, from Borneo. For reviews of the shallow marine 
and non-marine Permian faunas and floras of SE Asia see Fontaine (1986, 2002). Key references are listed in 
Table 12 and in the Bibliography. Most of this introduction is from Van Gorsel (2014). 
 
For biostratigraphic correlations of marine sequences brachiopods and mollusks have been the main tool in 
the Gondwana realm, while fusulinid foraminifera are the principal group used for correlations along the lower 
latitude Tethyan margin.   
 
The Late Paleozoic faunas from Sumatra are generally comparable with those described from Thailand and 
Peninsular Malaysia, while the Permian of West Papua is Gondwanan. 
 
The classic, highly diverse marine Permian faunas from Timor are famous for being the richest marine 
Permian faunas in the world, with over 600 species described by 1926 (Wanner 1926). These have been the 
subject of numerous papers in the early 1900's. A comprehensive recent review of Permian marine faunas of 
Timor is by Charlton et al. (2002). Unfortunately, most of the Permian fossiliferous sediments on Timor are not 
in any stratigraphic order, but occur as blocks in melange, olistostrome or broken formations. It is generally 
accepted that material from the famous fossil localities of Somohole and Bitauni areas are older (E Permian, 
~Sakmarian- Artinskian) than those from the Basleo and Amarassi areas (late Middle Permian, ~Capitanian) 
 
  Early Permian cold-climate bivalves and brachiopods 
Early Permian sediments associated with glacial marine deposits across northern Gondwana (Australia, India, 
etc.) often contain thick-shelled bivalves of the genera Atomodesma (Figure X.5.2.) and Eurydesma and the 
cool-climate brachiopod Globiella foordi (now also called Cimmeriella foordi). Comparable bivalve 
assemblages may be present in the Early Permian of the Sibumasu- Cimmerian terranes now in Sumatra, NW 
Malaysia, W Thailand and SW China (Sun 1993). 
 
In Indonesia assemblages with these genera were found in the Early Permian Maubisse Formation of Timor 
(Beyrich 1865, Rothpletz 1892, Wanner 1922, 1926, 1940, Belford 1960, Bird et al. 1989, Hasibuan 1994), but 
they are associated with relatively diverse marine faunas and glacio-marine deposits are not known from 
Timor. These faunas may suggest a proximity to glacial Gondwana of this part of Timor in earliest Permian 
time, but are not necessarily part of the glaciated terranes. 
 
The presence in Timor Leste of a diverse fusulinid assemblage interpreted as of latest Carboniferous- earliest 
Permian age and reflecting a relatively warm climate (Davydov et al. 2013) is puzzling in the context of 
widespread glaciations on Gondwana at this time. 
 
 

 
 

Figure X.5.2.. Permian bivalve Atomodesma exarata from the Kupang area, West Timor (Beyrich 1865). 
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  Permian corals 
Permian corals are relatively widespread in SE Asia They generally occur in carbonate lithologies and may be 
associated with fusulinid larger foraminifera,. Assemblage compositions differ with age, water depth and with 
paleogeographic position: 
- Early Permian limestones from the Indochina terrane (East Thailand, etc.) contain typical 'Cathaysian', 

tropical, high-diversity coral and fusulinid assemblages, dominated by compound corals; 
- Early Permian deposits of the Sibumasu Terrane have either no corals or small, solitary rugose corals, 

reflecting cooler and/or deeper waters (e.g. Peninsular Thailand; Fontaine et al. 1994, Yunnan, SW China; 
Wang and Sugiyama 2002). The low diversity assemblages of solitary rugose coral species, have been 
called 'Lytvolasma faunas' or 'Cyathaxonia faunas', and are generally viewed as 'anti-tropical', cooler climate 
coral assemblages (Kossovaya 2009).  

- by late Middle and Late Permian time the Sibumasu terranes had moved towards lower latitudes and started 
to have similar high-diversity coral and fusulinid faunas as the Indochina terranes.  

 

 
 

Figure X.5.3. Examples of Permian solitary and compound corals from Timor (Gerth 1921) (Carcinophyllum, 
Dibunophyllum (Verbeekiella), Pterophyllum, Favosites and Michelinia) 



Bibliography of Indonesia Geology, Ed. 7.0               www.vangorselslist.com          July 2018 47

In Indonesia Permian coral faunas are known mainly from.  
1. Timor  Permian corals are locally abundant in the Maubisse Formation/ Basleo beds. They are mainly 

'Cythaxonia-faunas' with solitary corals like Lytvolasma, Timorphyllum, Lophophyllidium, Verbeekiella 
(Figure X.5.3), Zaphrentis, Amplexus and Wannerophyllum. Colonial rugose corals like Michelinia, 
Favosites, Lonsdaleia timorica and L. molengraaffi are present as well, but are relatively rare (Gerth 1921, 
Koker 1924, Wang 1947, Von Schouppe and Stacul 1955). The Timor Permian coral assemblages are very 
similar to those reported from the Baoshan Block, SW China (Zhao and Zhou 1987); 

2. Sumatra. Permian corals have been reported from several localities in West Sumatra. Some of the Middle 
Permian limestones from West Sumatra contain high diversity corals that look similar to 'Cathaysian' 
assemblages of Central Thailand (Guguk Bulat; Fontaine 1983,1989); 

3. West Papua. Permian corals are widely distributed in the Aifam Fm (Visser and Hermes 1962, p. 54), 
including solitary Amplexus on the Birds Head (Broili 1924). However, typical low-latitude compound corals 
appear to be absent here (Fontaine et al. 1994, p. 39). 

 
Gerth (1926) already noted that the Permian coral fauna of Timor indicated a relatively warm paleoclimate, 
while Permian deposits on adjacent Australia contained glacial deposits, suggesting that Timor and Australia 
must have been farther apart in Permian time.  However, if the Permian corals on Timor are younger than the 
earliest Permian glacial deposits on Gondwana, which they probably are, the contrast may not be as 
significant. 
 
 
  Permian ammonoids 
Permian ammonoids are generally rare in Indonesia/ SE Asia, but the ammonoid assemblages of Timor are 
among the richest in the world (Smith, 1927, Wanner 1932). Wanner (1926) counted 37 species of ammonoids 
and 21 nautiloids. Most numerous genera are Agathiceras and Paralegoceras (= Metalegoceras; Figure 
X.5.4). Another Permian ammonoid locality in Indonesia isa rare Agathiceras from the folded series of Belitung 
(Kruizinga, 1950). 
 
Blendinger et al. (1992) noted the remarkable similarity between the Middle Permian ammonoids from the 
cephalopod limestone of Timor with those from the West Mediterranean (Sosio Limestone of Siclily) and 
Oman, suggesting unrestricted faunal exchange in a Middle Permian Paleotethyan seaway.  Ehiro (1997, 
1998) classified the Middle Permian ammonoid faunas from 'allochthous Timor' in his' Equatorial Tethyan 
province', based on the presence of taxa like Timorites and Waagenoceras, which are not known from 
Australia. 
 

 
 
Figure X.5.4. One of the most common Permian ammonoids from West Timor (Bitauni): Metalegoceras 
sundaicum (formerly Paralegoceras; Haniel 1915). 
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  Permian Trilobites 
Trilobites are rare in Indonesia, but have been reported from Permian sediments of three areas: Sumatra 
(Roemer 1880), Timor (Tesch 1923, Gheyselinck, 1937) and float in the Noord River in West Papua (Martin 
1911).  
 
They are mainly of the genus Pseudophillipsia: P. timorensis Roemer from Basleo, West Timor and P. 
sumatrensis from the Padang Highlands of West Sumatra (Figure X.5.5).  Leman and Sone (2002) described 
similar Pseudophillipsia from the early Capitanian (Middle Permian) from Pahang, in the Central Belt of the 
Malay Peninsula (= west margin of East Malaya/ Indochina terrane). 
 

 
 

Figure X.5.5. Permian trilobites. 1. Phillipsia sumatrensis from Permian of West Sumatra (Roemer 1880); 2 
and 3. Neoproetus indicus from Bitauni, West Timor (Tesch 1923). 
 
 
  Permian Fusulinid foraminifera 
Fusulinid larger foraminifera are tropical-subtropical shallow marine carbonate taxa (estimated paleolatitude 
range between 0 and 40° N and S), with a reputation of being excellent guide fossils in Carboniferous- 
Permian time. Fusulinids are widespread in Permian shallow marine limestones across SE Asia and areas 
further west, generally on terranes that border the Paleotethys suture. Hundreds of papers have been written 
on this group in SE Asia. For more details see references in Table 12 and the Bibliography.  
 
Interpretation of fusulinid foram faunas can be very difficult. The taxonomy is overwhelming, with over 100 
genus names and 1000's of species names. Fusulinids reached a maximum in diversity and sizes in the 
Middle Permian, as did other reefal fauna (corals, large molluscs, etc.). A significant extinction event of large 
fusulinids took place at the end of the Middle Permian (end or late Capitanian; e.g. Hada et al. 2014). The Late 
Permian is characterized by fusulinid assemblages that are reduced in size and diversity. Fusulinids went 
completely extinct at the mass extinction event at the end of the Permian. 
 
In Indonesia Permian fusulinid foraminifera have been reported from 6-7 main areas, mainly on Sumatra, NW 
Borneo, Timor and the Birds Head of West Papua: 
1. NW Kalimantan- Sarawak border area. Late Carboniferous- earliest Permian 'Terbat Limestone' of the NW 

Kalimantan- Sarawak border area were first reported by Krekeler (1932, 1933), and by several generations 
of subsequent authors (Table 12). Fusulinid assemblages are quite diverse and similar to 'Tethyan' faunas 
from Eastern Thailand and South China (Cummings 1962, Vachard 1990, Fontaine 1990, Sakamoto and 
Ishibashi, 2002). Tan Sin Hok (in Krekeler 1933) examined the fusulinid beds from Sadong valley and 
believed them to be same species (and in same volcanoclastic facies) as the Early Permian assemblages of 
Jambi. The age and nature of the Terbat Limestone assemblages suggest affinities to the Indochina Block, 
not Gondwana or Sibumasu (as do associated Triassic-Jurassic faunas and floras).  
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2. Padang Highlands, West Sumatra (Figure X.5.6). Middle Permian fusulinids have long been known from 
West Sumatra, mainly from the famous Guguk Bulat locality. Several of the large Middle Permian fusulinid 
index species of the Tethyan province were first described from Sumatra, like Verbeekina verbeeki (Geinitz, 
1876), Sumatrina annae (Volz, 1904) and Schwagerina padangensis (Lange, 1925). Tien (1988) also 
recorded Colania douvillei. Many of the fusulinid species described from this part of West Sumatra are also 
common on the 'Cathaysian' Indochina Block of NE Thailand, but some have also been reported from the 
Sibumasu terrane, which by the end of the Middle Permian had moved into lower latitudes (e.g. Ueno et al. 
2003). 

3. Jambi, SW Sumatra. Early Permian fusulinids from the thin 'Productus Limestone' horizon in the 
Mengkareng Formation at Telok Gedang along the Merangin River, Jambi, underlying the beds with the 
famous 'Cathaysian' Jambi Flora (Ozawa 1929, Thompson 1936, Vachard 1990, Ueno et al. 2007). Most 
abundant is Pseudofusulina rutschi (= Rugofusulina rutschi; similar to a more widely known species 
Rugofusulina alpina Schellwien). Also present is Pseudoschwagerina meranginensis (assigned to 
Sphaeroschwagerina by Davydov et al. 2013). It is a low-diversity assemblage, believed to be of Early 
Permian age, but more precise age interpretations vary from Upper Asselian (Tien 1989, Vachard 1990) to 
'most likely Sakmarian' (Ueno 2007). None of the species described can be tied directly to assemblages 
elsewhere, so conclusions on precise age and paleobiogeographic affinity lack a real firm basis. Additional 
fusulinid occurrences are the Artinskian- Kungurian assemblage from nearby Batu Impi (Tien (1989, Ueno et 
al. 2007). Two additional small occurrences on Sumatra worth noting are in West Sumatra (Batang Siputar; 
Hahn and Weber 1981) and in South Sumatra (Bukit Pendopo; Palembang; De Neve 1949). 

 

 
 
Figure X.5.6. Middle Permian fusulinid foraminifera from West Sumatra. 1. Fusulina granum-avenae (Verbeek 

1896). 2. Sumatrina annae from NE of Lake Singkarak (Volz, 1904). 3. Verbeekina verbeeki from Guguk 
Bulat, Padang Highlands (originally described as Fusulina princeps by Brady, 1875). 

 
4. Timor and adjacent islands Leti and Roti. Fusulinids are also known from various localities on Timor, and 

adjacent Roti and Leti islands (Schubert 1915a, Thompson 1949, Davydov et al. 2013). Many of the Timor 
assemblages are of low-diversity, but high abundance, and are dominated by a species initially described as 
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Fusulina wanneri by Schubert (1915), the type species of the 'anti-tropical' genus Monodiexodina. The small 
fauna of verbeekinids described from Leti Island by Schubert (1915b) with Doliolina lepida var. lettensis 
differs from assemblages known from Timor (Thompson 1949). Another different latest Carboniferous- 
earliest Permian assemblage from Timor Leste was described recently by Davydov et al. (2013). 

5. Birds Head of West Papua. Rare fusulinids have been reported from West Papua. These the only fusulinid 
occurrences on undisputed Permian Gondwanaland, but are poorly documented. One occurrence in the 
Birds Head was figured by Visser and Hermes (1962, p. 54). Another possible fusulinid occurrence was 
reported, but not figured, from Permian limestone in a consultant biostratigraphy report of oil exploration well 
TBF 1X (3947m; NE of Misool in Bintuni Bay, south of Birds Head). 

6. Bangka- Belitung. Less-known and rare fusulinids were reported from the intensely folded Permian beds of 
North Bangka (De Roever 1951) and Belitung (Strimple and Yancey 1974). 

 
 
  Permian brachiopods 
In Indonesia Permian brachiopods are known from Sumatra, Timor and West Papua (Table 12). The principal 
monographs on Indonesian brachiopods are by Broili (1915, 1916), Hamlet (1928) and Wanner and Sieverts 
(1935), all from Timor. Permian brachiopods were described from Sumatra by Meyer (1922) and West Papua 
by Archbold (1981). 
 
Productus and Spirifer groups dominate the Timor and West Papua assemblages (Figure X.5.7). The 
brachiopod faunas from Timor are relatively rich (49 species). However, unlike many other fossil groups from 
Timor like crinoids and blastoids, no new species were identified in the first monograph on this group by Broili 
(1916), attesting to the relatively cosmopolitan nature of these brachiopod taxa (mainly of Boreal and 
Palaeoequatorial genera; Crippa et al. 2014). Studies on paleobiogeographic patterns in Permian brachiopod 
assemblages therefore appear to have been somewhat non-diagnostic. 
 
 

 
 

Figure X.5.7. Permian brachiopods. 1. Spirifer from Timor; 2. Stereochia (Productus) semireticulatus from 
Timor and 3. same species from Sibelabu, SE of Padang, West Sumatra. 
 
The genus Stereochia (Figure X.5.7, 2,3 is of interest because it is commonly regarded as an anti-tropical 
genus (Shi et al. 1995, Crippa et al. 2014). In mainland SE Asia Stereochia-Meekella brachiopod fauna 
characterizes the Sibumasu terrane in Peninsular Thailand and the NW Malay Peninsula (Fang 1994). In 
Indonesia Stereochia was reported as 'Productus semireticulatus' from Timor (Beyrich 1865, Broili 1916) and 
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from the Padang Highlands, West Sumatra (Woodward 1879). It is also the dominant brachiopod genus 
associated with the Early Permian Jambi flora of SW Sumatra (S. semireticulatus or S. irianensis; Hasibuan et 
al. 2000, Crippa et al. 2014). 
 
 
   Permian Crinoids and Blastoids 
Timor Island has long been famous for its unique Permian deposits with abundant, diverse and well-preserved 
crinoid and blastoid faunas. Wanner (1923) identified 239 crinoid species in 75 genera. Two-thirds of these 
species are not known outside Timor (Wanner 1924, Webster 1998). Half of all crinoid species are 
poteriocrinids, with dominant genera Timorocrinus, Ceriocrinus, Parabursacrinus, etc.  
 
Most of the Timor crinoids and blastoids are from red-brown marls and tuffs with interbedded limestones, a 
formation named Maubisse Formation in Timor Leste or Sonnebait Series in older literature on West Timor 
(Figure X.5.8). They were believed to be relatively warm, shallow marine deposits, but they may actually be 
mostly hemi-pelagic organisms that ended up in clastics-free deep water carbonates that are often associated 
with basic volcanics (seamounts?). 
 
The richest occurrences of crinoids are in the Basleo area near Niki-Niki, and are probably from exotic blocks 
in Neogene melange deposits, and are associated with cephalopods of Middle Permian age (Haniel 1915). 
Crinoid assemblages from the Amarassi region of SW Timor are less diverse and probably of Late Permian 
age (Wanner 1923). 
 

 
 

Figure X.5.8. Example of well-preserved crinoids from the Basleo area, Timor (Wanner 1923). 
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Permian blastoid assemblages from Timor have the highest abundances and diversity in the world. The main 
monographs on blastoids are Wanner (1924, 1940). Of the 13 genera known from Timor only three or four also 
occur outside Timor.  (Figure X.5.9). 
 

 
 

Figure X.5.9. Typical example of blastoid from Koeafeoe, West Timor, Schizoblastus (= Deltoblastus) delta 
(Wanner 1924). 
 
The only other place in SE Asia where some of the Timor species of crinoids and blastoids were found is in the 
late Early- Middle Permian Ratburi Limestone of Peninsular Thailand (Racey et al. 1994; Sibumasu Terrane). 
Species of 'Basleo fauna' include the crinoids Timorocrinus pumulus Wanner 1924, Parabursacrinus and 
Timorocidaris sphaeracantha Wanner 1920, and the blastoid Deltoblastus permicus (Wanner 1910). Although 
they are present in much smaller numbers in Peninsular Thailand than at the Timor localities, their presence 
does suggest they were in the same faunal province around Artinskian time. 
 
Outside SE Asia rare Deltoblastus have been reported from Oman and Sicily, both also on Cimmerian 
terranes. 
 
 
  Permian floras 
Permian plant fossils, often associated with thin coal beds, are known from West Sumatra and West Papua, 
with less well-documented occurrences in NW Kalimantan and Belitung island.  
 
The Early Permian floras from Sumatra, NW Kalimantan and Belitung are generally perceived to be warm-
Cathaysian floras, while cooler-Gondwanan Glossopteris floras (but mixed with some Cathaysian elements) 
are present in West Papua. The Cathaysian nature of the Jambi flora plays an important role in the plate 
reconstruction history of Sumatra (Barber et al. 2005). 
 
The famous Early Permian 'Jambi flora' from the Merangin River area in SW Sumatra was first discovered by 
Tobler, and described by Jongmans and Gothan (1925) (Figure X.5.10.). The flora was initially viewed as of 
Euramerican affinity, without Gondwanan or Cathaysian Gigantopteris flora elements. However, after the 
Jambi paleobotanical expedition of 1925-1927 collected additional material, Jongmans and Gothan (1935) 
also recognized some North Cathaysian species. 
 
The Jambi flora was recently re-sampled and studied by a group from Naturalis Museum, Leiden, and the 
Geological Survey of Indonesia (Van Waveren et al., 2007, Booi et al., 2009). They also recognize affinities to 
Cathaysian flora, but argue that is not a fully Cathaysian flora, but its greatest similarity is with floras from 
North China, either the Artinskian Shansi Series (Asama et al. 1975) or the Kungurian Lower Shihhotse beds 
(Van Waveren et al. 2007). The Jambi Flora is probably best characterized as a late Early Permian temperate 
subgroup of the true low-latitude Cathaysian floral province. 
 
The age of the Jambi flora is Early Permian, probably Late Asselian or Sakmarian, but exactly what stage 
within the Early Permian remains to definitively established (see duscussion of fusulinids above). 
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Figure X.5.10. Permian flora from the Merangin River area, West Jambi, West Sumatra: 1. Lepidodendron 
mesostigma, Mengkarang River; 2. Pecopteris arborescens, Sungei Garing (Jongmans and Gothan 1925, 
1935). 
 
Permian plant assemblages are also known from West Papua, both the Birds Head and areas south of the 
Central Range. They were first described by Jongmans (1940, 1941), who documented only Cathaysian and 
Euramerican species (Taeniopteris, Pecopteris, Sphenophyllum). Hopping and Wagner (in Visser and Hermes 
1962) also recognized Gondwanan Glossopteris and Vertebraria. The West Papua floras are generally viewed 
as mixed floras, dominated by Gondwanan elements, but with common Cathaysian elements (Asama et al. 
1975, Li and Wu 1994, Rigby 1998, 2001).  
 
A poorly known Permian plant assemblage was also reported from SE Belitung island by Van Overeem 
(1960). It was provisionally identified by Jongmans as a Permian Cathaysian (Gigantopteris) flora, but has 
never been described. No plant fossils are known from Timor, where Permian sediments are in marine facies. 
 
The existence of mixed Gondwanan- Cathaysian floras in West Papua (and in parts of mainland SE Asia like 
Thailand and Laos is significant for Permian plate reconstructions. Because Glossopteris and many 
Cathaysian plants like Gigantopteris have relatively large seeds, which are unlikely be dispersed across wide 
oceans. These mixed Permian floras therefore suggest some configuration of land connections (with only very 
narrow seaways) between the 'Cathaysian' and Gondwana provinces in Permian time, not a wide Paleotethys 
Ocean. 
 
 

TABLE 12 - PERMIAN 
FAUNA/FLORA AREA  REFERENCES 

Permian General 
Timor Wanner 1926, Charlton et al. 2002 
Sumatra  Fliegel 1901, Fontaine and Gafoer 1989 

Mixed Glossopteris- 
Cathaysian flora West Papua,  

Jongmans 1940, 1941, Hopping and Wagner in Visser and Hermes 
1962, Rigby 1997, 1998, 2001, Playford and Rigby(2008, Srivastava 
and Agnihotri 2010 

'Cathaysian' flora West Sumatra Posthumus 1927, Jongmans and Gothan 1935, Asama 1976, Li and Wu 
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1994, Van Waveren et al. 2005, 2007, Booi et al. 2008, 2009 

Belitung Jongmans in Van Overeem 1960 
NW Kalimantan Jongmans in Zeijlmans 1939 

Palynoflora 
West Papua Playford and Rigby 2008 
Australia Kemp et al. 1977 

Permian- E Triassic 
Radiolaria 

Malay Peninsula  Sashida et al. 1993, 1995, Spiller and Metcalfe 1994, 1995, Jasin 1997 
Thailand Kamato et al. 2008, 2013 

Crinoids 
Timor Wanner 1916,1923, 1929- 1951, De Maresz Oyens 1940 
Belitung Strimple and Yancey 1976 

Blastoids  Timor Wanner 1924, 1940, Breimer and Macurda 1965, 1972, Webster 1998, 
Sprinkle and Waters 2013 

Ammonoids 
Timor, Leti Wanner 1915, 1932, Haniel 1915a,b, Smith 1927, De Roever 1940, 

Gerth 1950, Furnish and Glenister 1971, Glenister et al. 1973 
Bangka/Belitung Kruizinga 1950,  
West Papua Glenister et al. 1983 

Molluscs 
Timor C. Wanner 1922, 1940, 1942, J. Wanner 1940, Hasibuan 1994 
Sumatra Fliegel 1901  
West Papua Dickins and Skwarko 1981  

Brachiopods 

Sumatra Fliegel 1901, Meyer 1922, Tan Sin Hok 1933, Hasibuan et al. 2000, 
Crippa et al. 2014 

Timor, Leti, Roti 

Rothpletz 1892, Broili 1915, 1916, 1922, Krumbeck 1924, Hamlet 
1928, Wanner and Sieverts 1935, Shimizu 1966, Archbold and 
Barkham 1989, Archbold and Bird 1989, Kato et al. 1999, Winkler 
Prins 2008 

West Papua Visser and Hermes 1962, Archbold 1981, 1991, Archbold et al. 1982 

Permian Fusulinid 
foraminifera 

West Sumatra 
Geinitz 1876, Volz 1904, Von Staff 1909, Lange 1925, Ozawa 1929, 
Tan Sin Hok 1933, Thompson 1936a,b, Hahn and Weber 1981, 
Fontaine 1983, Vachard 1989, Ueno 2003, 2006 

South Sumatra De Neve 1949, 1961 
Bangka, Belitung  De Roever 1951, Van Overeem 1960 

NW Kalimantan/ 
W Sarawak 

Krekeler 1932, 1933,  Tan Sin Hok (in Krekeler 1933), Cummings 
1962, Sanderson 1966, Fontaine 1990, Vachard 1990, Sakamoto and 
Ishibashi 2002  

NE Kalimantan 
(Upper Kutai) Tan Sin Hok 1930, Sugiaman and Andria 1999 

Timor, Roti, Leti Schubert 1915a,b, Thompson 1949, Nogami 1963, Charlton et al. 2002,  
Davydov et al. 2013 

West Papua Visser and Hermes 1962 

Tubiphytes 
Sumatra Tien 1986  
Timor Riding and Barkham 1999 ( = Shamovella) 

Corals 
Timor Gerth 1921, Koker 1924, Wang 1947, Von Schouppe and Stacul 1955, 

1959, Minato and Kato 1965, Niermann 1975, Sorauf 1984, 2004 
West Sumatra Volz 1904, Minato and Kato 1965, Nguyen Duc Tien 1989a,b 
Thailand Fontaine et al. 1994 

Smaller 
foraminifera 

Sumatra Nguyen Duc Tien 1989a,b 
Sibumasu Zhao and Zhou 1987, Wang et al. 2013 

Conodonts 
Timor Van den Boogaard 1987 
SE Asia Mei and Henderson 2001, 2002 

Ostracodes Timor Grundel and Kozur 1975, Bless 1987  
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 X.6. Quaternary Hominids, Mammals 
 

This sub-chapter X.6 of Bibliography 7.0 contains 935 papers on Quaternary mammals, including hominids, 
from the Indonesian region, as well as related forms from mainland SE Asia. Additional titles on this topic may 
be in area chapters.  
 
Indonesia has long been an area of great interest for the study of the Late Pliocene- Pleistocene vertebrate 
faunas, including hominids, and their evolution and dispersal from mainland Asia across the islands of Java, 
Sulawesi and farther East.  There are many additional papers on this large field of research, but not all could be 
included in this bibliography. Early 1900's milestone work has been by Dubois and Von Koenigswald.  
 
Relatively rich Eocene and Miocene land mammal assemblages are known from Thailand, Myanmar and other 
areas of mainland SE Asia. Remarkably, no equivalent deposits are known from Indonesia, although parts of 
Sumatra and Kalimantan must have been land areas at that time, with likely land bridges to mainland SE Asia. 
Only two presumably Eocene mammal occurences are known from Indonesia: remnants of acanthrotheres from 
Kalimantan (Stromer 1931) and an enigmatic occurrence on Timor (Von Koenigswald 1967, Ducrocq 1996). 
 

 
 

Figure X.6.1. Main Quaternary vertebrates localities in Indonesia (Aziz et al. 1995). 1. Padang Highlands (Lidah 
Ayer, Jambu and Sibrambang caves), 2. West Java (Cijulang, Cijurey, Citarum, etc), 3. Central Java  (Bumiayu, 
Sangiran, and Patiayam), 4. East Java  (Trinil, Kedungbrubus, Ngandong, Widodaren, Sampung, Wajak, 
Mojokerto), 5. North Borneo (Niah Cave), 6. Brunei, 7. East Kalimantan (Samarinda), 8. Sangihe Island : 
(Pintareng), 9. South Sulawesi (Walanae), 10. Sumba (Kawangu), 11. Flores (Ola Bula, Ola Kile, Mata Menge 
(Bajawa Area), 12. Timor (Atambua). 
 
Land mammals started to appear on Java, Sulawesi and Flores relatively late in geologic history, i.e. at around 
2.5 Ma (or later?), as these areas emerged to form more significant land areas during Late Pliocene- 
Pleistocene tectonic uplift processes and volcanism.  
 
Migration of land mammals from the SE Asia mainland to Java was also facilitated during Pleistocene glacial 
periods of sealevel lowstands, when the Sunda shelf was largely exposed and became the most likely 
migration route (e.g Sartono 1987).   
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Pre-Pleistocene mammal fossils are extremely rare in Indonesia, although relatively diverse mammal 
assemblages are known from the Eocene- Pliocene of mainland SE Asia. This is probably mainly a reflection 
of the rarity of pre-Pleistocene terrestrial deposits in the archipelago. Eocene acanthocerids (Hippopotamus 
family), common in Asia at that time, were reported from West Kalimantan and from Timor. The latter find is 
another indication that parts of what is now Timor Island ('Banda Terrane') may have been attached to 
Sundaland in Eocene time.  
 
Present-day distributions of faunas and floras still reflect plate tectonic past history. Well-known biogeographic 
boundaries like the Wallace Line (1869), separating balanced ‘Asian’ Sundaland faunas from unbalanced 
island faunas on Sulawesi, Flores and islands farther East, and Lydekkers Line, separating the Australian 
faunas of Australia and New Guinea in the SE from the impoverished island faunas to its West. 
 
The history of latest Pliocene- Recent terrestrial vertebrate evolution and dispersal is best documented on 
Java, where there is a succession of faunas reflecting island conditions in the (latest Pliocene-) Early 
Pleistocene (Satir Fauna), followed by the arrivals of more diverse Asian mammal populations (including 
Homo erectus) in the Middle Pleistocene around 1 Ma (Figure X.6.2.).  
 

 
 

Figure X.6.2. Succession of Pleistocene mammal assemblages of Java (De Vos 1995). 
 
Pleistocene vertebrate faunas from SW Sulawesi have also been interpreted as impoverished island faunas of 
Asian origin. 
 
  Island faunas 
Early island populations are typically composed of a limited number of migrant species of Asian origin that are 
relatively good swimmers (elephants, hippos, deer; not humans or other predators). In the absence of 
carnivorous predators, mammal species commonly developed into either dwarfed species (pygmy Stegodon 
elephants) or giants (giant tortoises, rats, Komodo lizards, etc.) in the Pleistocene of, Timor, SW Sulawesi and 
Sumba. Similar forms from East Java and West Java suggest these parts of Java were also islands in the 
Early Pleistocene. 
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  Pleistocene hominids 
The first fossil evidence for human evolution and migration came with the discovery of ‘Java Man’ 
(Pithecanthropus erectus; now called Homo erectus) at Trinil by Dubois in 1891. Finding this rare material was 
a remarkable story of perseverance and luck. Additional Homo erectus fragments were reported in the 1930’s 
and later. 
 
Younger, but still primitive Upper Pleistocene hominid fossils were found in a Solo River terrace at Ngandong 
in East Java, named Homo soloensis (‘Solo Man’) and represent another much-debated group of hominids 
transitional between H. erectus and H. sapiens. Latest age dating of these skulls is in the 40-70 ka range.  
 
The incomplete fossil record, the often poorly documented stratigraphic positions of much of the fossil hominid 
material (much of it collected by local farmers), and the notoriously inconsistent results of various radiometric 
direct dating methods of hominid fossils still leaves much room for debate on timing of arrivals, evolution and 
extinctions of hominids in the SE Asia region.  
 
The most widely accepted interpretation of Homo erectus history has been an evolutionary transition from 
Homo habilis in East Africa around 1.8-1.6 Ma and a migration into SE Asia/ Java around 1.0 Ma. However, 
Swisher et al. (1994) reported a radiometric age of 1.81 Ma for a Homo erectus skull from Mojokerto, East 
Java, the oldest date for any Homo erectus, and suggested it therefore probably originated in Asia instead of 
Africa. However, their dating is on tuff samples that may not be from the same horizon as the Homo erectus 
skull (De Vos and Sondaar 1994). Some recent Ar/Ar dating of pumice layers at Sangiran dome yielded an 
age range of the Homo erectus-bearing interval between 1.51- 1.01 Ma. 
 

 
 

Figure X.6.3. Examples of Homo erectus fossils from Java (from T. Ingicco presentation). There is an apparent 
half-million year gap in the fossil record of Java between older Homo erectus of Sangiran- Trinil and younger 
populations from Ngandong- Sambungmacan (actual gap may actually be wider than indicated here) 
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  Homo floresiensis 
The Liang Bua cave on Flores island was the site of the latest significant discovery of a cave-dwelling, dwarf 
population of hominids of Late Pleistocene age (95-13 ka). It was named Homo floresiensis, adults are only 
one meter tall, and it may overlap in time with ‘Solo Man’ and with modern man (Homo sapiens). One of the 
more recent age estimates places H. floresiensis between ~100- 60 ka (Sutikna et al. 2016) 
 
This discovery has been the subject of much debate. Most authors view it as a late descendants of the Homo 
erectus group, that underwent dramatic island dwarfism, although many of its characteristics are more like 
Homo erectus that is older than the Central Java H. erectus (e.g. Kaifu et al. 2011, 2015).  Others viewed it as 
aberrant forms of early Homo sapiens, affected by diseases like Down syndrome or microcephalism 
(Henneberg et al. 2008, 2014 and others).  Jacob et al. (2006) and others have argued that these Flores 
hominids should be regarded as a dwarf population of Homo sapiens.  Brown & Maeda (2009) and Argue at al 
(2017) argued that H. floresiensis are not descendants of either H. erectus or H. sapiens.  
 
Older Homo erectus may have reached the island of Flores by 0.8 Ma, as suggested by relatively well-dated 
stone tools from the Mata Menge site, associated with a Stegodon mammal assemblage and tektites of the 
Australiasian tektite event of ~780 ka (Maringer & Verhoeven 1970, Sondaar et al. 1994, Morwood et al. 1997, 
Van den Bergh et al. 2009).  The stone tools resemble those from Sangiran, C Java (Van Heteren and De Vos 
2012), which are associated with classic H. erectus.  Initially no hominid fossils were found at this site, but 
recent excavations yielded H. erectus or H. floresiensis-like mandible and teeth. (Van de Bergh et al. 2016). 
 
As in Central Java, there is a significant gap in the fossil record of hominids and other mammals in Flores 
between the ~800ka and the younger than 100 ka hominid assemblages. 
 
Arrival of modern humans (Homo sapiens) 
Anatomically modern humans (Homo sapiens) are commonly believed to have migrated from Africa, and 
arrived into island SE Asia by 75- 80 ka and reached Australia ~50,000 years ago (Oppenheimer 2009). 
Recent dating of deposits and fossils associated with Late Pleistocene modern human teeth excavated in a 
cave in West Sumatra by Dubois (1891) appears to confirm an arrival date before ~70 ka (Westaway et al. 
2017). 
 

 
 

Figure X.6.4. Paleogeography of Southeast Asia during Pleistocene, showing land areas durong sea level 
lowstands and likely general mammal migration routes (Sartono 1973) 
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  Mammal migration routes 
Several authors have speculated on the possible migration routes and times of migration of mammals 
(including hominids) from SE Asia (e.g. Sartono 1973, Fig. X.6.4). 
 
Obvious times of migration would be during Pleistocene glacially-driven sealevel lowstands, like the -120m 
sealevel drop at the Last Glacial Maximum at ~18,000 years ago or the -160m drop at ~160,000 years ago 
(e.g. Molengraaff  , Voris 2000). These lowered sea levels  would have exposed all of the Sunda Shelf, making 
for easy migrations into Sumatra and Borneo and into S Sulawesi from the south, but also would have 
narrowed some of the seaways to islands further East. 
 
Possible land bridges and likely migration routes into Eastern Indonesia and the Philippines were discussed by 
Heaney 1985, Sartono 1973, 1987, Tjia 2006,  De Vos 1995, etc. 
 
 
 Some suggested reading (not a comprehensive list of all relevant papers) 
 

Pleistocene mammals:   Van der Maarel 1931, 1932, Van Es 1931, Von Koenigswald 1933-1949, 
 (mainly Java)  Hooijer 1952-1957, Sartono 1969-1979, Audley Charles and Hooijer 1973, 
    Bartstra 1974-1994, De Vos et al. 1982, 2007, De Vos 1983-1996,  
    Sondaar 1984, Van den Bergh et al. 1996, 2001, Aziz 2000, Zaim 2002 
 

Pleistocene mammals SW Sulawesi:  
    Van Heekeren 1958, Hooijer 1950, Bartstra 1977, 1997, Sartono 1979,  
    Aziz 1990, Van den Bergh 1999 
 

Eocene mammals:   Stromer 1931, Von Koenigswald 1967, Ducroq 1996 
 

Hominid dispersal(s)   Sartono 1973, Heaney 1985, Sondaar 1989, Aziz et al. 1995, Dennell 2004, 
    Oppenheimer 2009, Dennell and Petraglia 2012 
 

Hominids Java:    Dubois 1891, Zwierzycki 1926, Oppenoorth 1932,  
    Von Koenigswald 1936,  1938,1940, Sartono 1961-1991, Jacob 1973-1981,  
    De Vos and Sondaar 1994, Suminto et al. 1996, Rightmire 1993,  
    Huffman et al. 1999, 2006, Van den Bergh et al. 2001,  
    Storm et al. (1992-2013), Larick et al. 2001, 2004,  
    Bouteaux et al. 2007, 2008, Yokoyama et al. 2008, Morwood et al. 2008 
 

Hominids Sumatra  Westaway et al. 2017 
 

Hominids Flores:   Van den Bergh et al. 1996, Morwood et al. 1998, 2004, 2005,  
    Brown et al. 2004, Roberts et al. 2009, Dennell et al. 2014,  
    Sutikna et al. 2016. 
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X.1. Quaternary-Recent faunas-microfloras and distribution 
 

Adisaputra, Mimin K. (1985)- Paleontological analyses of the Savu and Lombok basins and Argo abyssal plain. 
Proc. 14th Ann. Conv. Indon. Assoc. Geol. (IAGI), p. 205-221. 
 
Adisaputra, Mimin K. (1988)- Late Quaternary calcareous nannoplankton in the surface sediment of Makasar 
and Flores basin, Indonesia. Bull. Marine Geol. Inst. Indonesia 3, 1, p. 25-36. 
 
Adisaputra, Mimin K. (1989)- Planktonic foraminifera in recent bottom sediments of the Flores, Lombok and 
Savu Basins, eastern Indonesia. In: J.E. van Hinte et al. (eds.) Proc. Snellius II Symposium, Jakarta 1987, 
Netherlands J. Sea Research 24, 4, p. 465-475. 
(Planktonic foraminiferal assemblages differ between Flores, Lombok and Savu Basins. In Flores Basin Ng. 
dutertrei dominant, followed by Gr. menardii, Pulleniatina obliquiloculata, Hastigerina siphonifera and 
Globigerina bulloides. Lombok and Savu Basins dominated by Gr. menardii, with Pulleniatina obliquiloculata, 
Gs. ruber and Gr. tumida) 
 
Adisaputra, Mimin K. (1991)- Mikrofauna dan potensi wisata perairan Benoa, Bali. J. Geologi Sumberdaya 
Mineral 1, 2, p. 2-6. 
('Microfauna and recreational potential of the water of Benoa, Bali'. Beach sand at Benoa, S of Denpasar, SE 
Bali, contains abundant foraminifera of genus Schlumbergerella, also Amphistegina lessoni, Calcarina calcar, 
Tinoporus spengleri, Baculogypsisna sphaerulata, Operculina, etc.) 
 
Adisaputra, Mimin K. (1992)- Mikrofauna perairan Muria. J. Geologi Sumberdaya Mineral 2, 5, p. 11-16. 
('Microfauna in the waters of Muria'. Shallow marine small benthic forams of Java Sea N of Muriah volcano. At 
less than 20m common Ammonia beccarii, Eponides praecinctus and Asterorotalia trispinosa. In deeper parts 
more Ammonia annectens, Pseudorotalia schroeteriana and Quinqueloculina. Not much detail) 
 
Adisaputra, Mimin K. (1992)- Late Neogene planktonic foraminifera of the Makasar Basin. Bull. Marine Geol. 
Inst. 7, 1, p. 15-21. 
(Abundant planktonic foraminifera in Makassar Straits bottom samples between 42-2300m, collected during 
Snellius II expedition. Globigerinoides ruber dominant in North, Neogloboquadrina dutertrei in S part) 
 
Adisaputra, Mimin K. (1996)- Planktonic foraminifera and oxygen isotope records in two cores from the Banda 
Sea and Indian Ocean. J. Geologi Sumberdaya Mineral 6, 57, p. 10-17. 
(Study of Quaternary planktonic foraminifera from two ~7-8m long French- Indonesian cores collected in 1990, 
one SW of Timor (2313m), one in Banda Sea depth (3163m). Neogloboqudrina dutertrei is indicator of rel. low 
salinity, Globorotalia menardii for rel. high salinity) 
 
Adisaputra, Mimin K. (1996)- Biostratigrafi kuarter sedimen dasar laut perairan Indonesia bagian Timur dan 
Samudera Hindia. J. Geologi Sumberdaya Mineral 6, 59, p. 2-6. 
('Stratigraphy of Quaternary seafloor sediments in waters of eastern Indonesia and the Indian Ocean'. Study of 
Quaternary planktonic foraminifera from 46 seven meter long seafloor cores in deep waters of E Indonesia and 
adjacent Indonesian Ocean. Four subzones in Quaternary Globorotalia truncatulinoides zone (N22-N23), from 
top: (1) Globorotalia fimbriata-Bolliella adamsi, (2) Globigerina calida, (3) Globorotalia crassaformis hessi 
and (4) Globigerinoides cyclostomus)) 
 
Adisaputra, Mimin K. (1997)- Foraminifera sedimen permukaa perairan Selat Bangka-Belitung. J. Geologi 
Sumberdaya Mineral 7, 70, p. 2-10. 
('Foraminifera from seafloor sediments of Bangka-Belitung Straits'. 38 seafloor samples from straits S of 
Bangka and Belitung in water depths 10-50m. Dominant foraminifera Operculina ammonoides and other spp., 
followed by Quinqueloculina, Amphistegina lessonii, Elphidium, Cellanthus, Pseudorotalia schroeteriana, etc.) 
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Adisaputra, Mimin K. (1998)- Schlumbergerella floresiana accumulation in coastal zone of Bali and 
Nusatenggara, Indonesia: implementation for tourism. Proc. 33rd Sess. Coord. Comm. Coastal and Offshore 
Programmes E and SE Asia (CCOP), Shanghai 1996, p. 310-316. 
('White sands' along coasts of E Bali, W Lombok, N Sumbawa and S Flores composed mainly of rounded 
foraminifera Schlumbergerella floresiana (formerly also called Tinoporus, Baculogypsina, Baculogypsinoides; 
JTvG). Forams derived from adjacent coral reefs) 
 
Adisaputra, Mimin K. (1998)- Foraminifera bentos pantai Senggigi, Lombok Barat dan asosiasinya; faktor 
penunjang pariwisata. Proc. 27th Ann. Conv. Indon. Assoc. Geol. (IAGI), 2 (Sed. Pal. Strat.), Yogyakarta, p. 
53-65. 
('Benthic foraminifera of Senggigi Beach, W Lombok, and its associations; factors supporting tourism'. 
Senggigi beach with abundant foraminifera derived from adjacent reef flat, dominated by Schlumbergerella 
floresiana. Also Baculogypsina, Baculogysinoides spinosus, Amphistegina lessonii, Calcarina calcar)) 
 
Adisaputra, Mimin K. (2000)- Recent foraminifera on the coast and offshore of East Lombok, Eastern 
Indonesia. Proc. 36th Sess. Coord. Comm. Coastal and Offshore Progr. E and SE Asia (CCOP), Hanoi 1999, p. 
181-200. 
(Benthic foraminifera from East Lombok coast and Alas Strait shallow waters down to 90m. In N and central 
parts Amphistegina lessonii dominant and associated with Calcarina. In S Asterorotalia ('Rotalinoides') 
gaimardii dominant, still with Amphistegina. Beach samples in N with common Schlumbergerella and 
Baculogypsinoides, derived from coral reef. Planktonic foraminifera rare) 
 
Adisaputra, Mimin K. (2000)- Late Neogene planktonic foraminiferal biostratigraphy of two cores in Timor 
waters, Indonesia. Majalah Geologi Indonesia 24, 1, p. 39-50. 
 
Adisaputra, Mimin K. & M. Hendrizan (2011)- Foraminifera perairan Balikpapan, Kalimantan Timur: 
lingkungan pengendapan dan pengaruhnya. J. Geologi Kelautan 9, 2, p. 119-133. 
(online at: http://ejournal.mgi.esdm.go.id/index.php/jgk/article/view/205/195) 
('Foraminifera from waters off Balikpapan, East Kalimantan: depositional environment and its effects'. 195 
benthic and 34 planktonic foraminifera species in Makassar Straits seafloor samples off Balikpapan, between 
18-562m depth. Asterorotalia trispinosa dominant around 20m, Heterolepa praecincta most abundant from 
~50-300m, Karreriella brady and Uvigerina spp. common only >300m, etc. Cycloclypeus only at 71 and 83m. 
Abundant planktonic foraminifera Neogloboquadrina dutertrei below 100m, indicating rel. low salinity.) 
 
Adisaputra, Mimin K., M. Hendrizan & A. Kholiq (2010)- Katalog foraminifera perairan Indonesia. Pusat 
Puslitbang Geologi Kelautan, Bandung, p. 1-198. 
('Catalog of Foraminifera collected from Indonesian seas') 
 
Adisaputra, Mimin K. & D. Rostyati (2000)- Recorded Recent foraminifera in the surface sediment of Sunda 
Strait water. Proc. 29th Ann. Conv. Indon. Assoc. Geol. (IAGI), Bandung, 4, p. 117-132. 
(Foraminifera from 12 seafloor samples in Sunda Straits and adjacent Indian Ocean between 52- 2180m. Rel. 
common planktonic foram Neogloboquadrina dutertrei, possibly related to rel. low salinity. Most common 
benthics Bulimina and Bolivina (mostly 490-1580m). Hyalinea balthica between 489-1078m) 
 
Adisaputra, Mimin K. & D. Rostyati (2003)- Foraminifera sedimen dasar Laut Delta Mahakam, Kalimantan 
Timur. J. Geol. Kelautan 1, 3, p. 1-10. 
(online at: http://ejournal.mgi.esdm.go.id/index.php/jgk/article/view/98/88) 
('Foraminifera in sediments offshore Mahakam Delta, E Kalimantan'. Foram distribution in samples mainly 
from 10-100m water depth. 39 species of planktonic, 149 benthic foraminifera. Common benthics Amphistegina 
lessonii, Heterolepa, Operculina and Pseudorotalia schroeteriana. Max. diversity at depth of 63,5 m) 
 
Amijaya, H., Ngisomuddin & Akmaluddin (2010)- Characterization of July 17, 2006 tsunamiite at South coast 
of West Java. J. Southeast Asian Applied Geol. (UGM) 2, 1, p. 35-39. 
(online at: https://journal.ugm.ac.id/index.php/jag/article/viewFile/7232/5672) 
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(Deposits of July 26 tsunami at Pangandaran Beach, W Java. Mainly f-m sand, ~10-12cm thick, separated from 
older beach sediment by erosional surface. Sedimentary structures parallel lamination and current ripples. No 
vertical fining trends. With transported shallow and deeper marine benthic foraminifera, incl. Ammonia, 
Elphidium, Amphistegina, Cibicides sp., Biginerina, Bolivina, Bathysiphon, Nodosaria and Quinqueloculina) 
 
Anderson, J.A.R. (1963)- The flora of the peat swamp forests of Sarawak and Brunei, including a catalogue of 
all recorded species of flowering plants, ferns and fern allies. Singapore Gardens Bull. 20, p. 131-228. 
(All modern coastal and deltaic peat swamps of N Borneo raised bog type. 243 plant/tree species, in 6 
communities: 1) Mixed swamp forest, 2) Alan forest, 3) Alan bunga forest, 4) High pole forest, 5) Low pole 
forest, 6) Padang keruntum) 
 
Aswan, Y. Zaim & Y. Rizal (2006)- Distribution of Quarternary freshwater molluscs fossils in Jawa. In: Y. 
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(online at: http://ejournal.mgi.esdm.go.id/index.php/jgk/article/view/115/105) 
(Seafloor sediment samples of 1-78m in Sepi-Blongas Bay, S Lombok, with 133 foraminiferal species, mainly 
Ammonia beccarii, Elphidium crispum, Pattelina, Amphistegina lessonii, Calcarina, Pyrgo, Quinqueloculina, 
etc.. Genus Calcarina with 15 species (?)) 
 
Baccaert, J. (1976)- Soritidae of the Lizard Island reef complex: a preliminary report. Annales Soc. Geologique 
Belgique 99, p. 237-262. 
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Voltz). Zool. Jahrbuch, Syst. Okol. Geogr. Tiere 23, p. 413-436. 
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(On Recent fresh-water ostracodes from swamps, lakes, etc. of Sumatra, Java, Thailand, etc.) 
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Villain, J.M. (1995)- Modeles micropaleontologiques recents et stratigraphie sequentielle en Indonesie. In: M. 
Gayet et al. (eds.) First European Palaeontological Congress, Geobios, Mem. Spec. 18, p. 409-423. 
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Vozenin-Serra, C. & C. Prive-Gill (1991)- Les terrasses alluviales pleistocenes du Mekong (Cambodge). I. Bois 
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Amphistegina lessonii, Hanzawaia nipponica, Streblus tepidus, Operculina bartschi; (3) Outer Shelf (276-400') 
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(Deepsea core SW of Sumba with ~300,000 yr sediment record) 
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Quaternary climate changes, SE Indian Ocean, offshore Western Australia. Marine Micropaleontology 23, p. 
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(Late Quaternary benthic foraminifera of four ODP 122 deep-sea cores off W Australia with two main 
assemblages (1) dominated by Uvigerina peregrina, (2) dominated by U. proboscidea. Episodes of high influx 
of particulate organic matter during glacial episodes, tied to upwelling episodes and to unusually low sea-
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Whatley, R.C. & Q. Zhao (1987)- Recent ostracoda of Malacca Straits (Part I). Revista Espanola Micropal. 19, 
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Spencer (eds.) Pitcairn Islands: biogeography, ecology and prehistory, Biol. J. Linnean Soc. 56, p. 365-371. 
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Wicaksono, S.A., J.M. Russell & S. Bijaksana (2015)- Compound-specific carbon isotope records of vegetation 
and hydrologic change in central Sulawesi, Indonesia, since 53,000 yr BP. Palaeogeogr. Palaeoclim. 
Palaeoecology 430, p. 47-56. 
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Winantris & L. Jurnaliah (2018)- Pollen and foraminifera approaches to identify sediment sources in the river 
mouth Mahakam, East Kalimantan. J. Geoscience Engineering Environm. Technol. (JGEET) 2, 4, p. 242-248. 
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('Diversity of Palmae pollen in Recent deposits of the Mahakam Delta'. Sediments of Mahakam Delta contain 
28 palm pollen species in delta plain, 23 in delta front. Palm pollen can help differentiate between delta plain 
and delta front facies: (1) delta plain dominated by Oncosperma tiggilarium, Nypa fruticans, Eugessona 
insignis, Pinanga parvula and Cocos nucifera; (2) delta front dominated by Oncosperma tiggilarium, Nypa 
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('Oncosperma tigillarium is part of the palino character of delta plain in Mahakam Delta, Kalimantan'. O. 
tigillarium pollen of coastal palm tree widespread in Recent delta plain samples, but absent in delta front, 
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fusca, Trochammina inflata, Ammotium and Haplophragmoides between just above Mean Low Water of Neap 
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(online at: www.jclmm.com/qk/201410/5.pdf) 
(Benthic foram assemblages from shallow marine environments around NW Penang Island dominated by 
Ammonia (~80% of fauna), followed by Elphidium (~3%). Rare agglutinated taxa and Bolivina) 
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(Palynomorph distribution patterns in three fluvial systems on W (Klang-Langat River) and E (Pahang and 
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(Latest Pliocene- Recent ages for sediments in piston cores in forearc offshore E Java) 
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(Relations between water depth and shape in Operculina, Planoperculina and Planostegina in Ryuku islands. 
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peat swamp forest due to higher precipitation and progradation. Human influence recognized from ~1600 BP) 
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('Late Pleistocene-Holocene climate change in Indonesia based on palynological data records') 
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Mangrove shoreline responses to Holocene environmental change, Makassar Strait, Indonesia. Review 
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developed at Batulicin in mid-Holocene, persisting to present at Batulicin. Mangrove development commenced 
at Pare-Pare in early Holocene, but since mid Holocene fluvial/floodplain deposition) 
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Van der Vlerk, I.M. (1968)- Two methods of worldwide correlation. Micropaleontology 14, 3, p. 334-338. 
('Degree of curvature' preferred over 'Grade of enclosure' method to characterize evolutionary stage of 
Lepidocyclina) 
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Naturforschenden Gesellschaft Basel 84, 1 (Kugler memorial Volume), p. 245-255. 
(On the different ways of classifying Lepidocyclina) 
 
Van der Vlerk, I.M. (1973)- An improved method of biometric research. Proc. Kon. Nederl. Akademie 
Wetenschappen, Amsterdam, B76, 4, p. 245-259. 
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Akademie Wetenschappen, Amsterdam, B 72, 3, p. 169-174. 
(Includes measurements on Operculina foram material from SE Asia. Observed gradual decrease in grade of 
enclosure of second chamber by third in specimens from Eocene- Recent) 
 
Van der Vlerk, I.M. & R.E. Dickerson (1927)- Distinctions among certain genera of larger foraminifera for the 
field geologist of the East Indies. J. Paleontology 1, 3, p. 185-192. 
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Tertiary limestones) 
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(Measurements on embryonic shambers of Lepidocyclina from Java and Madura. Extent to which deuteroconch 
encloses protoconch or extent to which dividing-wall between them is curved (“degree of curvature”) increases 
from 10% in M Oligocene to 67% in M Miocene. Rate of evolution changes from very slow to very fast to slow 
again and to fast again. First rapid change in M Oligocene when genus migrated from America to Europe and 
to Far East- Australia. Second phase of rapid evolution from earliest Miocene up to extinction of genus) 
  
Van der Vlerk, I.M. & J.H.F. Umbgrove (1927)- Tertiaire gidsforaminiferen van Nederlandsch Oost Indie. 
Wetenschappelijke Mededeelingen Dienst Mijnbouw Nederlandsch Oost-Indie 6, p. 1-45. 
(Small guidebook describing principal larger foram genera from the Tertiary of Indonesia. One of earliest 
papers to define the Eocene-Recent larger foram zonation known as 'East Indies Letter Classification') 
 
Van Eijden, A.J.M. & J. Smit (1991)- Eastern Indian Ocean Cretaceous and Paleogene quantitative 
biostratigraphy. In: J. Weissel et al. (eds.) Proc. Ocean Drilling Program (ODP), Scient. Results, 121, p. 77-123. 
(online at: www-odp.tamu.edu/publications/121_SR/VOLUME/CHAPTERS/sr121_03.pdf) 
(Upper Cretaceous- Oligocene planktonic foram biostratigraphy of Indian Ocean ODP sites along Ninety-East 
Ridge, W and SW of Sumatra. Most intervals reflect temperate- subtropical climate) 
 
Van Eijden, A.J.M. & G.M. Ganssen (1995)- An Oligocene multi-species foraminiferal oxygen and carbon 
isotope record from ODP Hole 758A (Indian Ocean): paleoceanographic and paleo-ecologic implications. 
Marine Micropaleontology 25, p. 47-65. 
(Oligocene- basal Miocene (Zones P19-P22/N4) O and C isotope stratigraphy of benthic and plankonic forams 
from E Indian Ocean ODP Hole 758A. Lack of covariance in planktic and benthic δ18O ratios indicates that 
many Oligocene sea level fluctuations, including major fall at 30 Ma, not of glacio-eustatic origin) 
 
Van Gorsel, J.T. (1981)- Paleoenvironmental distribution of Mid-Cretaceous to Recent larger foraminifera. Esso 
Production Res.-European, Bordeaux, Exploration Memo EPR-E.1EX.81, p. 1-12.   (Unpublished) 
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(Course notes for first sequence stratigraphy course in Indonesia) 
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Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 275-300. 
(Overview of methods, zonations, facies interpretations, etc., in Indonesian Tertiary biostratigraphy)  
 
Van Gorsel, J.T. (2014)- An introduction to Cenozoic macrofossils of Indonesia. Berita Sedimentologi 30, p. 
63-76. 
(online at: www.iagi.or.id/fosi/files/2014/08/BS30-Biostratigraphy_SEAsia_Part2_FINAL.pdf) 
(Brief overview of principal groups and literature of Cenozoic macrofossils known from outcrops in Indonesia. 
Prior to 1930's macrofossils (mainly molluscs), were principal objects of paleontological and biostratigraphic 
studies in Indonesia. Since then focus shifted to microfossils. Cenozoic marine macrofossil assemblages from 
Indonesia all represent tropical faunas of Indo-Pacific province affinity) 
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(online at: www.iagi.or.id/fosi/files/2014/04/BS29-Biostratigraphy_SEAsia_S.pdf) 
(Overview of Cenozoic biostratigraphy and biofacies interpretation of SE Asia. Principal microfossil groups 
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ostracodes, diatoms and radiolaria) 
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(online at: www.repository.naturalis.nl/document/549583) 
(Listings of arthropod fossils from Indonesia, as known in 1931: (1) Permian trilobites (Phillipsia, Neoproetus 
indicus, Griffithides sumatrensis) from Timor, Leti, Sumatra, W Papua; (2) Neogene ostracodes, (3) Cenozoic 
crab fossils from Java, Kalimantan, Sulawesi, W Papua and M Jurassic Eryma boehmi n.sp. from of Jefbie, 
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(online at: www.repository.naturalis.nl/document/549700) 
('Cenozoic decapod crustaceans from the Netherlands East Indies'. Review of Neogene crab fossils from 
Neogene of Java (Calappa sangiranensis n.sp., Philyra, Ixoides, Cancer javanicus n.sp, etc.), Madura (Calappa 
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(Quantitative study of lepidocyclinids of Nephrolepidina group from 42 samples from N Borneo (Klias 
Peninsula, Kinabatangan River), E Kalimantan (Kutei, Sangkulirang), C and E Java (Lodan, Tremboel, 
Boegoel wells) and Madura. Assemblages subdivided into five successive biometric units, called species: L. 
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(Miocene- Recent SE Asia calcareous nannofossil zonation, modified from schemes of Martini (1971) and 
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astronomical time scale) 
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(3 larger foram horizons on Fiji, all Te, Early Miocene) 
 
Wright, J.D. & R.C. Thunell (1988)- Neogene planktonic foraminiferal biogeography and paleoceanography of 
the Indian Ocean. Micropaleontology 34, 3, p. 193-216. 
(Indian Ocean planktonic foraminiferal biogeography examined in DSDP sites for 5 Neogene time-slices and 
used to reconstruct surface circulation patterns. Closure of Indo-Pacific passage at end of E Miocene 
strengthened low-latitude circulation in Indian Ocean and led to development of distinct tropical and 
subtropical faunal provinces. Global cooling during M-L Miocene resulted in steeper latitudinal temperature 
gradients and enhanced faunal provincialization) 
 
Yabe, H. (1921)- Notes on some Eocene foraminifera, III. Notes on Pellatispira Boussac. Science Reports 
Tohoku Imperial University, 2nd ser. (Geol.), 5, p. 106-108. 
(General discussion of Eocene larger foram Pellatispira, partly based on material from Borneo and Japan) 
 
Young, J.R. (1998)- Neogene. In: P.R. Bown (ed.) Calcareous nannofossil biostratigraphy, Chapter 8, British 
Micropal. Soc. Publ. Ser., Chapman & Hall, p. 225-265. 
(Thorough review of Miocene-Pliocene calcareous nannofossils and biozonations) 
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(Holotype of Globorotalia barisanensis Le Roy 1939 from M Miocene Lower Palembang Fm in upper Kassikan 
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Zachariasse, W.J. & Sudijono (2012)- New data on the morphology and classification of the Oligocene-
Miocene planktonic foraminifer Paragloborotalia siakensis (LeRoy, 1939). J. Foraminiferal Research 42, 2, p. 
156-168. 
(SEM images of specimens of 'Globigerina siakensis' from near its type locality in C Sumatra show spinose test 
and straight intercameral sutures on spiral side of test. Globorotalia mayeri has curved spiral-side 
intercameral sutures and lacks spinosity) 
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X.3. Jurassic- Cretaceous 
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(Belemnopsis from Misool and Sula all part of B. moluccana lineage. Misool Late Jurassic stratigraphy 
condensed rel. to Sula. Misool: 85m of Oxfordian Demu Fm carbonate/ shale overlain by ~100m of 
Kimmeridgean-Tithonian Lelinta shale with minor sandstone) 
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(M Jurassic- E Cretaceous belemnites from SW Pacific, New Guinea, Misool, Sula, tied to dinoflagellate 
zonations. Two belemnite provinces in SW Pacific region from M Jurassic- E Cretaceous: (1) Tethyan: E 
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Challinor, A.B. (1992)- Belemnites of the Southwest Pacific. In: G.E.G. Westermann (ed.) The Jurassic of the 
Circum-Pacific, World and Regional Geology 3, Cambridge University Press, p. 308-309. 
(Brief summary of Jurassic belemnites in E Indonesia, PNG, New Zealand. Three main assemblages Dicoelites- 
Conodicoelites (Late Bajocian- E Oxfordian), Hibolithes (late Callovian- Oxfordian) and Belemnopsis (basal 
Oxfordian- latest Tithonian)) 
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Jurassic-Cretaceous tintinnid nannofossils, incl. records of Late Jurassic Calpionella alpina group in PNG 
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(First record of Malayomaorica malayomaorica in Antarctica. Late Jurassic bivalve species (originally 
assigned to Aucella, then Buchia) mainly limited to Kimmeridgean. Appears to be typical of margins of S 
Hemisphere Late Jurassic Gondwanaland, including NW Australia, New Zealand, New Caledonia and E 
Indonesia (Misool, Timor, New Guinea, Sula, E Sulawesi, Ceram, Buru; JTvG) 
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Proc. First Conf. Geology of Indochina, Ho Chi Minh City 1986, Gen. Dept. of Geology Vietnam, 1, p. 137-
145. 
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181-253. 
(online at: www.repository.naturalis.nl/document/549624) 
(Study of mid-Cretaceous (Barremian-Cenomanian) 'Tethyan' larger foram genus Orbitolina. Includes material 
from W Kalimantan Seberuang area collected by Van Schelle and Wing Easton collections, and classified as 
relatively primitive 'Group I- Lower Aptian' species) 
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Japan and its stratigraphic and paleobiogeographic significance. Proc. Japan Academy, B, 82, 7, p. 216-223. 
(Aptian Orbitolina (Mesorbitolina) parva from limestone olistoliths in lower Yezo Group, Hokkaido, represent 
first report of this species from Circum-North Pacific) 
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stratigraphy. Micropaleontology 57, 2, p. 163-171. 
(Four orbitolinid species ('Palorbitolina lenticularis', Praeorbitolina cf. wienandsi, Mesorbitolina parva, M. 
texana) recognized in Late Hauterivian- Early Albian of Japan- S Sakhalin) 
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('Revision of the arietes, echiocerates and dactyliocerates from the Liassic of Netherlands Indies'. Mainly 
taxonomic descriptions of Early Jurassic ammonites from Roti, Babar, Timor and Sula Islands from collections 
in Amsterdam, Leiden, Utrecht, Delft, Bonn, Berlin and Basel: Arnioceras spp., Arietites, Dactylioceras spp., 
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(Anisian-Carnian), IV. Samaropollenites speciosus (Carnian) and V. Minutosaccus crenulatus (Carnian-
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