
 

JOURNAL OF INDO-PACIFIC ARCHAEOLOGY 44(2020):80–112 

 

 

A REVIEW OF ARCHAEOLOGICAL DATING EFFORTS AT CAVE AND 

ROCKSHELTER SITES IN THE INDONESIAN ARCHIPELAGO 

Hendri A. F. Kaharudin
1,2

, Alifah
3
, Lazuardi Ramadhan

4
 and Shimona Kealy

2,5
 

1School of Archaeology and Anthropology, College of Arts and Social Sciences, The Australian National University, Canberra, ACT, 

2600, Australia 
2Archaeology and Natural History Department, College of Asia and the Pacific, Australian National University, Canberra, ACT, 2600 

Australia 
3Balai Arkeologi Yogyakarta, JL. Gedongkuning No. 174, Yogyakarta, Indonesia 

4Departemen Arkeologi, Fakultas Ilmu Budaya, Universitas Gadjah Mada, Yogyakarta, 55281 Indonesia 
5ARC Centre of Excellence for Australian Biodiversity and Heritage, College of Asia and the Pacific, Australian National University, 

Canberra, ACT, 2600 Australia 

 

Corresponding author: Hendri A. F. Kaharudin, hendri.kaharudin@anu.edu.au 

Keywords: initial occupation, Homo sapiens, Island Southeast Asia, Wallacea, absolute dating 

 

ABSTRACT 

In the last 35 years Indonesia has seen a sub-

stantial increase in the number of dated, cave 

and rockshelter sites, from 10 to 99. Here we 

review the published records of cave and 

rockshelter sites across the country to compile a 

complete list of dates for initial occupation at 

each site. All radiocarbon dates are calibrated 

here for standardization, many of them for the 

first time in publication. Our results indicate a 

clear disparity in the distribution of dated ar-

chaeological sites across Indonesia, which seem 

to be mostly influenced by ease of access, inter-

national collaboration focus, and the history of 

prior research success in a region. In addition, 

our review of the literature revealed a clear 

lack of standardization in the presentation of 

radiocarbon dates and their usage in publica-

tions. Despite the impressive increase in dating 

across Indonesia, our review of the literature 

suggests numerous excavated prehistoric sites 

in Indonesia remain undated at this time. Stud-

ies such as this, and possible others focused on 

Indonesia’s other archaeological sites, are use-

ful for providing researchers with a dataset for 

investigations of some of the bigger questions in 

archaeology in the region.  

ABSTRAK 

Sejak 35 tahun terakhir, Indonesia mengalami 

peningkatan dalam usaha pertanggalan situs 

gua dan ceruk dari 10 ke 99. Di sini, kami 

meninjau ulang data gua dan ceruk yang telah 

dipublikasikan untuk menghimpun daftar yang 

lengkap terkait jejak hunian tertua di setiap si-

tus. Kami melakukan kalibrasi terhadap setiap 

pertanggalan radiocarbon sebagai bentuk 

standardisasi. Beberapa di antaranya belum 

pernah dilakukan kalibrasi sebelumnya. 

Temuan kami mengindikasikan disparitas yang 

jelas pada distribusi situs yang telah 

dipertanggali di seluruh Indonesia, yang 

sebagian besar kemungkinan dipengaruhi oleh 

kemudahan akses, fokus kolaborasi 

internasional, dan kesuksesan penelitian 

sebelumnya di area yang bersangkutan. Sebagai 

tambahan, tinjauan pustaka kami menemukan 

kurangnya standardisasi dalam 

mempresentasikan dan cara menggunakan data 

pertanggalan dalam publikasi. Meski terdapat 

peningkatan yang sangat mengesankan dalam 

jumlah pertanggalan di Indonesia, masih 

banyak situs yang sudah diekskavasi namun 

belum dipertanggali hingga saat ini. Studi 

seperti ini, dan beberapa yang lebih berfokus 

pada situs-situs arkeologi di Indonesia lainnya, 

sangat bermanfaat untuk menyediakan data 

yang lengkap demi menjawab pertanyaan yang 

lebih besar.  
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INTRODUCTION 

Archaeology has benefited enormously from the 

development of scientific dating methods. Most 

modern societies see time as a scale unit to 

measure events and determine their order, dura-

tion, and/or interval. In archaeology however, 

time is most often used as a tool to conceptual-

ize the development of human communities, 

cultures, and technologies, based on their arti-

facts, unearthed remains, ruins, and other ar-

chaeological data (Simonetti 2013). Archaeo-

logical interpretation is very dependent on the 

context of the material data. Having the answer 

for ‘what’ and ‘where’ is not enough to continue 

to ‘how’ and ‘why’ questions without having 

the answer of ‘when’ already understood. With 

knowledge of the temporal context related to 

select archaeological data, we are able to meas-

ure their lifespan and form inferences on the 

story behind it. For instance, an artifact has its 

own lifespan beginning from when it is being 

made, then transported, marketed, used, and fi-

nally discarded (Adams 2003). 

Two different dating methods are used by ar-

chaeologists, both of which have been devel-

oped to serve the same purpose; providing the 

best temporal explanation about the archaeo-

logical materials in question. The earliest 

method available to archaeologists was ‘rela-

tive’ dating, whereby the age of an object is in-

ferred based on its association with other mate-

rials in a sequence from oldest to youngest; 

hence it is dated as older or younger relative to 

the other material. Absolute dating on the other 

hand refers to the direct, actual age of the object 

in question in a quantitative rather than qualita-

tive manner (Michels 1972; Walker 2005). 

Modern relative dating techniques rely heavily 

on data obtained with absolute dating methods. 

Absolute dating techniques have been ap-

plied in archaeological research all over the 

world in various degrees. Dating records in pre-

historic sites have a practical application to es-

tablish the period of occupation, changes in oc-

cupation intensity or site abandonment, changes 

to subsistence strategies (technological and die-

tary), and to mark the deposition of important 

discoveries such as a burial layer or unique arti-

fact. Furthermore, partial dating records from 

each site can potentially be accumulated to help 

answer larger, more generalized archaeological 

questions such as migration, trade, cultural dis-

tribution, and regional occupation trends. For 

instance, dating records in relation with pa-

leoenvironmental or paleogeographical data al-

low us to estimate the type of landscapes which 

Homo sapiens encountered as they migrated 

from mainland East Asia into Sunda (continen-

tal Southeast Asia; Bird et al. 2005), or from 

Sunda to Sahul (Australia-New Guinea; Kealy 

et al. 2016). In terms of artifactual analysis, dat-

ing records allow us to see cultural and techno-

logical distribution among sites during the same 

period, and the possibility of trading activities 

(Reepmeyer et al. 2019; Shipton et al. 2020a). 

An effort to make a list of absolute dating re-

cords (i.e., radiocarbon) in Indonesia was made 

by Bronson and Glover in 1984. Thirty-five 

years after the method was developed, they suc-

cessfully gathered 65 radiocarbon records from 

sites all over Indonesia. Even then this number 

of dated sites was considered very few com-

pared to other countries. As they stated: “… 

[the] single site of Ban Chiang in north-east 

Thailand has more radiocarbon dates than the 

whole of Indonesia.” (Bronson and Glover 

1984:37). More than three decades after that 

paper was published, the numbers of archaeo-

logical sites, and sites for which there are corre-

sponding dates, have increased substantially 

across Indonesia. However, large regions of the 

country remain largely unexplored by archae-

ologists and many sites have very limited or no 

absolute dates (Mansyur 2007; Prasetyo 2014; 

Kealy et al. 2018a). More recent attempts in 

cataloguing archaeological dating records in In-

donesia have tended to focus on just a single 

island and/or temporal period, such as the list 

made by Bulbeck (2018) on Holocene sites in 

Sulawesi. He compiled 73 known sites in Su-

lawesi with compatible radiometric determina-

tions. By using the dating records, he was able 

to analyze the level of site use at 500 year inter-

vals (Bulbeck 2018).  

Here, we review published archaeological 

dates from Indonesia, focusing on the dating 

records of initial occupation by Homo sapiens 

of cave and rockshelter sites. We focus on cave-
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sand rockshelters not only because they repre-

sent a reliable source of shelter for prehistoric 

communities, but they also have a good chance 

for preserving archaeological materials. While 

cave stratigraphies are often complex (see Suti-

kna et al. 2016; O’Connor et al. 2017), over-

hangs and chambers offer greater protection to 

archaeological deposits, and enable a greater 

degree of sediment build-up and maintenance of 

stratigraphic layers, than do open sites. Simi-

larly, dating of burial and shell midden sites of-

ten only captures a brief moment in time and is 

at even greater risk of stratigraphic disturbances 

or redeposited materials than most cave sites 

(Attenbrow 1992; Bedford et al. 2011). This 

‘time capsule’ capacity makes cave and rock-

shelter sites ideal for prehistoric archaeological 

research and dating. As some Indonesian sites 

have recovered upwards of 50 dates from a sin-

gle excavation (e.g., Kealy et al. 2020), repro-

ducing this data here is excessive. Instead we 

provide a single, initial occupation date, indicat-

ing that dating has been successfully conducted 

at the site and providing some estimate as to the 

temporal range of the preserved archaeological 

deposit.  

The collection of absolute dates for this study 

drew to a close in August 2020 when the revised 

manuscript was accepted for publication. 

Development of radiocarbon dating methods in 

archaeology  

As noted above, there are two different types of 

dating methods in archaeology; relative and ab-

solute dating. Since at least the 19th century, 

relative dating has been used by antiquarians to 

interpret their findings. Relative dating often 

depends on the Law of Superposition and con-

textual components such as stratigraphy or bio-

stratigraphy to produce a more precise sequen-

tial order of events (Lyman et al. 1998). The 

Law of Superposition is a fundamental part of 

the principles of geochronology coined by Nico-

laus Steno (1669) which states that in any undis-

turbed stratigraphic formation, the deeper the 

layer, the older it is; thus, the topmost layer will 

be the youngest and the bottom layer the oldest. 

Other related principles include the Principle of 

Original Horizontality, which refers to the hori-

zontal deposition of sedimentary layers through 

gravity; the Principle of Lateral Continuity, 

which describes original sedimentary beds as 

continuous layers that extend laterally in all di-

rections; and lastly, the Principle of Cross-

cutting Relationships, which states that a sedi-

mentary feature which cuts across another must 

be younger than the sediment it cuts across 

(Kravitz 2014). All four of these laws of strati-

graphy have been adapted to interpret strati-

graphic sequences in archaeology. 

In the early 1950s, the radiocarbon revolution 

brought a new wave of dating methods into ar-

chaeology. Absolute (also known as chrono-

metric) quantitative measurement is now the 

favored method to estimate the age of archaeo-

logical data. The moment Arnold and Libby 

(1949) published their ground-breaking paper 

on radiocarbon age determination, numerous 

archaeological samples were sent in for dating 

(Arnold and Libby 1951). Without a doubt, ra-

diocarbon has become the fundamental compo-

nent for building our understanding of the 

earth’s chronological events for the last 50 thou-

sand years. Today, this dating methodology is 

usually conducted in the following steps: collec-

tion, pre-treatment, measurement, calibration, 

and sometimes the application of Bayesian sta-

tistical models (Wood 2015). Pre-treatment in 

particular is critical for the removal of contami-

nants which can result in erroneous results if 

present during the dating process (Bird et al. 

2014; Wood 2015). Two main methods for 

charcoal pre-treatment exist, the more common 

or standard acid–base–acid (ABA) method, and 

the Acid Base Oxidation – Stepped Combustion 

(ABOx-SC) method developed by Bird et al. 

(1999). ABOx-SC is increasing in global use 

(Scott et al. 2018) and considered the “most re-

liable pre-treatment for sample decontamination 

prior to radiocarbon dating” (Bird et al. 

2014:31). Unfortunately, for samples in the hu-

mid tropics such as Indonesia, ABOx-SC often 

proves too intense, resulting in oxidation and 

loss of the sample (Bird et al. 2014; Wood 

2015).  

While radiocarbon is the most prominent 

method that has been applied to archaeological 

sites, it has its own limitations. Due to the poor 
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preservation of organic remains encountered in 

the tropics (Louys et al. 2017; Morley 2017), 

the oldest (i.e., Pleistocene) radiocarbon dates in 

Indonesia are rarely obtained from charcoal; 

instead relying on shell (see Table 1). Radiocar-

bon dating of marine shell is however consid-

ered more problematic than terrestrial plant car-

bons such as charcoal, due to a greater number 

of uncertainties affecting the results. In particu-

lar, local marine reservoir (ΔR) effects, the 

“hard-water effect” for shells from limestone 

rich areas, and effects of recrystallization 

(Douka et al. 2010), all detract from the accu-

racy of the final calibrated date. While taxo-

nomic identification of shells and the use of 

staining with Feigl’s solution minimize errors 

associated with hard water and recrystallization 

(Dickson 1966; Douka et al. 2010), there has 

been very limited research investigating local 

reservoir effects across the Island Southeast 

Asia region (Southon et al. 2002). 

 Dating beyond the radiocarbon limit  

Despite continued improvements in radiocarbon 

techniques, the limit of the calibration curve 

remains at ca. 55 ka (Reimer et al. 2020). Addi-

tionally, it is understood that the older the sam-

ple, the harder it becomes to get a precise date 

using radiocarbon dating due to unstable ¹⁴C 

isotopes (Jones 1999), while the risk of con-

tamination increases exponentially as the age 

approaches 50 ka (Price et al. 2011; Wood 

2015). Moreover, not every site recovers a high 

abundance of materials that can be used for ra-

diocarbon analysis. Fortunately, radiocarbon is 

not the only absolute dating method available to 

researchers today (Walker 2005). 

In the early 1990s, Roberts and colleagues 

published their research at Madjedbebe (back 

then called Malakunanja II) claiming that the 

site had been occupied since 50 ka based on 

thermoluminescence (TL) dating techniques 

(Roberts et al. 1990). This site is located on the 

Arnhem Land escarpment, Northern Territory of 

Australia (Figure 1), and had previously been 

dated to 18 ka using radiocarbon (Kamminga 

and Allen 1973). TL was developed in the 

1970s and had received some application in ar-

chaeology for dating quartz grains in pottery 

(Zimmerman 1971; Mejdahl 1979; Wintle and 

Huntley 1982); however, its use at Madjedbebe 

by Roberts et al. (1990) was the first instance 

where TL was used to date archaeological sedi-

ments for determining initial occupation. Un-

surprisingly, this claim by Roberts et al. (1990) 

received numerous protests and scepticism from 

the archaeological community (e.g., Hiscock 

1990; David 1993; Lourandos 1993). 

Roberts et al. (1998a) then suggested that 

Optically Stimulated Luminesence (OSL) dating 

was a more suitable and reliable dating tech-

nique than TL, as it is less susceptible to expo-

sure inconsistencies and any such inconsisten-

cies can also be better detected in OSL samples. 

TL dating has since been largely abandoned for 

dating in Australasian archaeology and Roberts 

et al. (1998b) subsequently re-dated Madjebebe 

using OSL. The new OSL study recovered dates 

of 44.2 ± 4.7 ka and 55.5 ± 8.2 ka which contin-

ued to support the >50 ka colonisation date for 

Australia (Roberts et al. 1990; Roberts et al. 

1998b). Thus, the debate continues (see 

O’Connell and Allen 2004; Allen and 

O’Connell 2014).  

In particular, O’Connell et al. (2018) con-

ducted a thorough critique of the various post-

depositional influences at Madjedbebe, which 

they consider responsible for an erroneously 

older date of occupation at the site. As lumines-

cence dating concerns the age on the sediments 

and cannot therefore be directly connected with 

human occupation (unlike radiocarbon, e.g., 

charcoal from hearths, shells from middens, 

etc.), a sound understanding of site formation 

processes, stratigraphic integrity and confidence 

in the association between sediment and cultural 

materials is essential. Extensive investigations 

into the chronology and stratigraphy at Madjed-

bebe over the last few years by Clarkson et al. 

(2015, 2017, 2018), have however, provided 

strong support for the stratigraphic integrity of 

this site.  

One argument against OSL dating is a poten-

tial lack of comparability with radiocarbon dates 

(compounded by the obvious lack of available 

radiocarbon dates beyond 50 ka). Recent work 

at Madjedbebe (Clarkson et al. 2015, 2017) and 

another northern Australian site, Riwi (Wood et 



 

84 

 

al. 2016), recovered strong support for corre-

spondence between radiocarbon and OSL dates 

obtained from the <50 ka levels of these depos-

its, supporting the validity of deeper >50 ka 

OSL dates. The few other Australian sites where 

multi-dating techniques have been applied (e.g., 

Ngarrabullgan, Jinmium, Devil’s Lair) have 

generally recovered good agreement between 

the radiocarbon and OSL dates, supporting the 

reliability and accuracy of both dating tech-

niques (David et al. 1997; Roberts et al. 1998a; 

Turney et al. 2001; Wood et al. 2016). 

Examples of dual (radiocarbon and OSL) 

dating of a site are rare, particularly in Indonesia 

where Liang Bua (Table 1:69) on Flores re-

mains the only cave/rockshelter site combining 

radiocarbon with other absolute dating tech-

niques to date human occupation layers (Sutikna 

et al. 2016). Recent re-excavations at the site of 

Asiatu Kuru (previously Jerimalai) on nearby 

Timor-Leste recovered the first OSL dates for 

the site (Shipton et al. 2019). Shipton et al. 

(2019) also recovered good agreement between 

their OSL determinations and radiocarbon dates 

on charcoal but did identify a lack of this 

agreement with dates on shell. It is clear that 

much greater efforts to apply multi-dating tech-

niques to archaeological investigations are re-

quired across the region to improve our under-

standing of the correspondence between these 

methods and develop a comparable dataset of 

their results. Additionally, work on inter-

laboratory comparisons for OSL analysis needs 

to be expanded to meet similar quality control 

and consistency protocols that exist for radio-

carbon (Scott et al. 2007, 2018; Murray et al. 

2015). 

A major criticism of the Madjedbebe OSL 

dates is the complete absence of any other sites 

across Sahul (Australia-New Guinea) which 

have recovered dates of similar antiquity (see 

O’Connell et al. 2018). However, the number of 

sites recovering initial occupation date ranges 

which include 50 ka, have increased signifi-

cantly in recent years (e.g., Wood et al. 2016; 

Delannoy et al. 2017; Veth et al. 2017; Maloney 

et al. 2018; McDonald et al. 2018; David et al. 

2019). Also, a number of re-dating efforts of 

previously >50 ka sites have resulted in their 

revision to substantially younger occupation 

dates (e.g., Jinmium, Roberts et al. 1998a; see 

also O’Connell et al. 2018). This proliferation 

of initial occupation dates around 50 ka, in addi-

tion to similar molecular clock estimates from 

studies of Aboriginal mitochondrial DNA (To-

bler et al. 2017) and Y chromosomes 

(Bergström et al. 2016), led O’Connell et al. 

(2018) and Allen and O’Connell (2020) to sug-

gest that Australia was colonized at 50 ka, but 

no earlier. However, it should be noted that the 

vast majority of these dates are from radiocar-

bon samples, bringing their ages right up against 

the radiocarbon barrier (see above) and raising 

the possibility that these sites may have been 

occupied earlier but require an alternative dating 

method to investigate. 

Another dating method which extends be-

yond the radiocarbon limit is Uranium series 

(U-Series). U-series dating commonly uses con-

centrations of inorganically precipitated calcium 

carbonate usually found in caves, open air car-

bonate deposits, or fossil soils (Schwarcz 1980). 

As with OSL techniques, U-series does not di-

rectly date human occupation, but rather associ-

ated materials, recovering ‘maximum’ and/or 

‘minimum’ ages which bracket the ‘true’ dates 

for occupation (see Aubert et al. 2014). This 

method has recently seen increased applications 

in Indonesia, most famously by Aubert et al. 

(2014, 2018, 2019) to date the rock art of Su-

lawesi and Kalimantan. Additionally, at the site 

of Lida Ajer (Table 1:5) in Sumatra (Figure 1), 

Westaway et al. (2017) applied OSL and U-

series dating techniques to bone-bearing sedi-

ments and speleothems, and combined U-series 

with electron spin resonance (ESR) dating tech-

niques on human and faunal teeth recovered 

from the site. The combined dating effort pro-

duced a range between 73–63 ka (Westaway et 

al. 2017), considered by the authors as consis-

tent with the estimated time of Homo sapiens 

arrival in Island Southeast Asia. 

While speleothems are rich in Uranium (U) 

which is co-precipitated with the calcium car-

bonate at the time of formation, bones and teeth 

typically contain little or no U when fresh. Ar-

chaeological bones and teeth on the other hand 

commonly have high concentrations of U as 
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they are a well-known ‘open systems’; meaning 

that U from the surrounding environment is 

taken up by these biological tissues following 

burial, with the radioactive decay chain begin-

ning thereafter (Pike et al. 2002; Eggins et al. 

2005). However, being open systems means that 

not only is U taken up by bones and teeth but it 

can also be subsequently lost; due to leaching 

by flowing water, mineral alteration, or minera-

logical transformation, leading to age overesti-

mation, a particularly common scenario in cave 

environments (Pike et al. 2002; Pons-Branchu et 

al. 2014, 2020). While the possibility for leach-

ing can be recognized and tested for (e.g., Price 

et al. 2013), and different models applied to ac-

count for perceived ‘open’ or ‘closed’ system 

scenarios (Pike et al. 2002; Eggins et al. 2005), 

this known issue of U-series dating of biological 

items has led many to question the reliability of 

such dates (e.g., O’Connell et al. 2018). 

History of dating human occupation in Indone-

sia  

Interest in Indonesian prehistory can be traced 

back to its colonial occupation, to the likes of G. 

E. Rumphius—an 18
th

 century antiquarian, and 

Eugène Dubois—famously known for his dis-

covery of Homo erectus at Trinil during his 

1891–1892 exploration (Dubois 1894). Later in 

1907–1908 Dubois carried out larger excava-

tions to recover more hominin remains, but only 

found faunal material. Research on ‘Java Man’ 

was further pursued by von Koenigswald in 

1931–1933. He found more hominin and pri-

mate fossils in Java (von Koenigswald and 

Weidenreich 1938, 1939; Tobias and von 

Koenigswald 1964) including the famous 

Meganthropus palaeojavanicus (since thought 

to be H. erectus but recently resurrected as a 

distinct species; Zanolli et al. 2019), which have 

inspired discussion among palaeoanthropolo-

gists ever since. 

The earliest recorded archaeological cave ex-

ploration in Indonesia was made by P. and F. 

Sarasin in 1902. Both naturalists visited Su-

lawesi between 1902 and 1903, discovering the 

Toalian culture which triggered a later influx of 

researchers to the region (Soejono 1969). Nev-

ertheless, it was not until the late 1960s–early 

1970s that absolute dating samples were first 

collected and published from Indonesian sites 

(Jacob 1967; Mulvaney and Soejono 1971; 

Glover 1976). One of the earliest dating efforts 

in Indonesia arose from the collaborative Aus-

tralian-Indonesia research team led by Raden 

Panji Soejono and Derek John Mulvaney (Mul-

vaney and Soejono 1970). 

Soejono, later considered “the father of Indo-

nesian prehistory”, and Mulvaney, later “the 

father of Australian archaeology”, conducted 

research together on Sulawesi, and dated several 

sites. From their joint research they concluded 

that “Typological comparison of artefacts too 

often degenerates into diffusionist conjecture, 

but we hope that our final report will be based 

on quantitative data.” (Mulvaney and Soejono 

1970:176). Archaeological research and col-

laboration between Indonesia and international 

counterparts became more common into the 

later 1970s and 1980s, producing further dating 

results (e.g., Bronson and Asmar 1975; Bell-

wood 1976; Glover 1976, 1981). 

Mulvaney was one of the earliest archaeolo-

gists to apply radiocarbon in archaeological re-

search (Mulvaney 1960), discovering the first 

stratigraphic proof that Aboriginal people had 

been in Australia during the last glacial period 

(Mulvaney and Joyce 1965:183). This research 

also had subsequent implications for Indonesian 

prehistory, precipitating further questions about 

the ancestors of Australia’s indigenous peoples 

and the timing and pattern of their dispersal 

through the islands of Indonesia (Birdsell 1977). 

As mentioned above, current dates from Mad-

jedbebe in Northern Australia support occupa-

tion of Sahul prior to 50 ka (Clarkson et al. 

2017; Allen and O’Connell 2020). Based on 

models of early human movements through the 

region (e.g., Birdsell 1977; Kealy et al. 2018a), 

this indicates occupation of numerous Indone-

sian islands well before 50 ka. This is supported 

by the >60 ka dates for occupation from Lida 

Ajer in Sumatra (Westaway et al. 2017), then 

part of continental Sunda. 

The island nation of Indonesia shares land 

borders with Papua New Guinea (New Guinea), 

Malaysia (the island of Borneo), and Timor-

Leste (Timor), from which a number of notable 

early occupation dates for the region have been 
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recovered (Figure 1). In particular, the Papua 

New Guinea (PNG) site of Vilakuav provides 

good support for a >50 ka colonisation of Sahul 

(Summerhayes et al. 2010), with other notable 

Pleistocene sites including Latichu, Nombe, 

Kiowa, and Kosipe (Gaffney et al. 2015; 

O’Connor and Chappell 2003). In neighboring 

Malaysian Borneo, the well-known site of Niah 

cave was one of the earliest discoveries to pro-

mote occupation of the region back to 50 ka 

(Harrisson 1970; Higham et al. 2009). Mean-

while, archaeological research in the country of 

Timor-Leste has recovered a number of Pleisto-

cene dates from sites such as Lene Hara, Laili, 

Matja Kuru 2, Bui Ceri Uato, and Uai Bobo 2 

(Kealy et al. 2016; Hawkins et al. 2017), with 

the most notable being Asitau Kuru with an oc-

cupation date extending back to 46.5 ka (Ship-

ton et al. 2019). 

Caves and rockshelters are not the only type 

of prehistoric site that has been dated in Indone-

sia. Researchers have also worked to date mega-

lithic, shell midden, burial, and open sites. Most 

non-cave and rockshelter prehistoric sites are 

dated from the middle to late Holocene, with the 

exception of early Holocene shell middens such 

as Pangkalan (Wiradnyana 2016) and Pleisto-

cene limestone-fissure sites such as Punung and 

Wajak (Westaway et al. 2007; Storm et al. 

2013). Yet caves and rockshelters represent an 

easily identified locality with a good likelihood 

for preserving evidence of prehistoric occupa-

tion, making them a favorite of archaeologists 

when conducting surveys of novel regions 

(Kealy et al. 2018b). 

METHODS 

Revision of the literature 

 

We conducted an extensive revision of the pub-

lished literature pertaining to archaeological re-

search within the country of Indonesia. In par-

ticular, we worked to include papers written in 

languages other than English (i.e., Bahasa Indo-

nesia), as well as those in earlier publications 

not readily available online. The focus of this 

study was on cave and rockshelter sites with 

published absolute dates.  

Once sites were recognized, we identified the 

earliest date representing initial occupation of 

the site and catalogued these with the associated 

dating method. In the case of U-series dates the 

published calibrated range was recorded without 

modification. For radiocarbon results the radio-

carbon date, error, laboratory code, and material 

type, were all documented where available.  

All identified site localities were plotted on a 

map of the region with the best available accu-

racy, dependent on the detail of published de-

scriptions and GPS coordinates. In addition, we 

distinguished sites based on their initial occupa-

tion period as either Pleistocene, Holocene, or 

Transitionary between the two geological ep-

ochs. According to the ICS International 

Chronostratigraphic Chart v. 2020/01, the Holo-

cene epoch began 11,700 years ago (Cohen et 

al. 2013 updated). Here we allow for a transi-

tionary period of 1000 years (i.e. 12,200–

11,200), and any site with an initial occupation 

calibrated date range which overlaps with this 

transitionary range was marked on our maps as 

occurring during the Pleistocene–Holocene 

transition.  

Calibration of radiocarbon dates 

In the name of consistency, all radiocarbon 

dates regardless of how recently they were pub-

lished, were re-calibrated here. For calibration 

we used the online platform OxCal v.4.4 (Bronk 

Ramsey 2009), and applied the recently released 

International calibration curve—IntCal20 

(Reimer et al. 2020) for samples of terrestrial 

carbon (e.g., charcoal and tooth enamel). Int-

Cal20 is considered to provide a more reliable 

estimate than SHCal20 (the Southern Hemi-

sphere calibration curve; Hogg et al. 2020) for 

equatorial regions, thus we elected to use this 

curve for all our calibrations, including those 

from sites located south of the equator. For ma-

rine shell samples we applied the Marine20 

calibration curve (Heaton et al. 2020).  

A single study by Southon et al. (2002) has 

reported marine reservoir data for Indonesia, 

with five ΔR values applicable to Indonesian 

waters; one from northern Australia, one from 

southwest Java, one from southwest Kaliman-

tan, and two from Singapore. Their values range 
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from -80ΔR to +74ΔR with an average of           

-2.4ΔR, suggesting that the effect is minimal in 

the region (Southon et al. 2002). Considering 

our focus here on early dates, such low values 

for ΔR have a neglectable effect on the final 

calibrated dates. Minimal local reservoir effects, 

in addition to a complete lack of ΔR data from 

central and eastern Indonesia, led to our deci-

sion to calibrate all our marine shell dates with-

out a ΔR offset (e.g. O’Connor et al. 2018; 

Samper Carro et al. 2019). Temporal errors can 

also occur in charcoal samples due to the ‘old 

wood’ effect (Kennett et al. 2002); however, in 

the tropical environment of Indonesia this error 

range is unlikely to reach, and certainly not ex-

ceed, the local reservoir effect for shells (Ken-

nett et al. 2002; Petchey et al. 2012). With our 

focus here on prehistoric dates, the majority of 

which are older than 1000 years, errors of ~100 

to 200 years are unlikely to have a substantial 

impact on the overall calibrated result (Petchey 

et al. 2012).  

As calibration of radiocarbon dates uses ei-

ther an atmospheric calibration curve (e.g. Int-

Cal20; Reimer et al. 2020) or a marine curve 

(e.g., Marine20; Heaton et al. 2020), freshwater 

shell dates are particularly problematic (e.g., 

Glover 1981) as freshwater systems are known 

to experience substantial variability in their 
14

C 

reservoir effects (Fernandes et al. 2012). Unless 

the freshwater shells can be taxonomically iden-

tified, directly associated with a specific local-

ity, and a corresponding 
14

C reservoir correction 

calculated (e.g. Berger and Meek 1992), any 

calibration attempt will be subject to substantial 

uncertainty (Culleton 2006; Fernandes et al. 

2012). For dates obtained on freshwater shells 

we therefore combined the calibration ranges 

produced using both IntCal20 (i.e., atmospheric) 

and Marine20 (i.e., marine) curves. This was 

done to obtain a broad age estimate accounting 

for the range of possible ecological zones (e.g. 
intertidal – mostly marine, to inland – freshwa-

ter) from where the samples may have origi-

nated, and the variability in their 
14

C reservoir 

effects. Similarly, we applied the same proce-

dure to dates where published information on 

the material sampled was unavailable or unclear 

(e.g., they could be either shell or charcoal). Un-

fortunately, one published date also lacked in-

formation on the associated error with the radio-

carbon date. For this we applied an error of 

±500 to the calibration as a rough estimate 

based on the general average error across sites 

(see Table 1). 

We are aware that the methods applied to the 

freshwater shells, unknown samples, and those 

missing error information, have likely under- or 

over-estimated the ages of these sites. Neverthe-

less, we consider these calibrations as useful 

estimates to aid archaeologists with general site 

interpretation, perhaps inspiring their reinvesti-

gation in the future.  

RESULTS 

A total of 99 cave and rockshelter sites with 

published absolute dates were catalogued for 

Indonesia (Table 1, Figure 1). Eight dates are 

available only from publications in Bahasa In-

donesia, and yet of particular significance as 

they concern key sites such as Gua Pawon (Ta- 

ble 1:9), the only dated cave site in West Java 

(Yondri 2010); Gua Toroan (Table 1:20) and 

Delubang (Table 1:21), the only two records for 

cave occupation on the island of Madura (Muda 

2017); and Gua Gede (Table 1:23) the only 

known site on Nusa Penida (Hidayah 2017). As 

Figures 2–8 illustrate, the most common sites 

are dated to the Holocene, with Transitionary 

sites understandably few in number. The major-

ity of sites are located on the island of Sulawesi 

with 23 sites (Figure 5), followed by Java (Fig-

ure 3) with 13 sites. With the exception of the 

Nusa Tenggara islands (Figure 6), the rest of 

Indonesian’s smaller, more easterly islands (i.e., 

Figures 7 and 8) record a notable reduction in 

relative numbers of known Pleistocene-aged 

sites. 

Based on our calibrations, Indonesia pre-

serves 44 Pleistocene archaeological records for 

initial Homo sapiens occupation in caves and 

rockshelters, 46 Holocene records, and nine 

sites which record initial occupation over the 

Pleistocene–Holocene transition. Of the 81 ra-

diocarbon dates we catalogued, at least 30 are 

calibrated here for the first time (Table 1).  

Of the more than 18,000 islands in Indonesia, 

about 6000 are inhabited in the country today 
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(Rigg 1996; Cribb and Ford 2009); however, 

only 28 have known, dated archaeological sites 

(Table 1, Figures 1–8). The most commonly 

dated material is terrestrial carbons (e.g., char-

coal and bone), utilizing radiocarbon methods. 

Eleven of these dates lack information on the 

material sampled, and one date is missing the 

associated radiocarbon error.

Figure 1: Map of Indonesia and its neighbouring countries. Regional archaeological sites of interest are indicated by black circles. 

The extent of the continental shelves delineating Sunda and Sahul is shown in grey. Boxes correspond to Figures 2–8 in the Results. 

Bathymetric basemap from the General Bathymetric Chart of the Oceans (GEBCO_19) dataset (Smith and Sandwell 1997). Figure 
designed by Kaharudin and Kealy. 
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Figure 2: Map of Sumatra showing location of cave and rockshelter sites with absolute dates. Numbers correspond to Table 1. Sites 

documenting initial occupation during the Pleistocene (black circles), Transitionary period (red triangles), and the Holocene (white 

squares), are indicated. Figure by Kealy and Kaharudin. 
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Figure 3: Map of Java and Bali showing location of cave and rockshelter sites with absolute dates. Numbers correspond to Table 1. 
Sites documenting initial occupation during the Pleistocene (black circles), Transitionary period (red triangles), and the Holocene 

(white squares), are indicated. Figure by Kealy and Kaharudin . 

 

 

Figure 4: Map of Kalimantan showing location of cave and rockshelter sites with absolute dates. Numbers correspond to Table 1. 

Sites documenting initial occupation during the Pleistocene (black circles), Transitionary period (red triangles), and the Holocene 
(white squares), are indicated. Figure by Kealy and Kaharudin. 
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Figure 5: Map of Sulawesi, the Sula islands, and the Talauds (inset), showing location of cave and rockshelter sites with absolute 

dates. Numbers correspond to Table 1. Sites documenting initial occupation during the Pleistocene (black circles), Transitionary peri-
od (red triangles), and the Holocene (white squares), are indicated. Figure by Kealy and Kaharudin. 
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Figure 6: Map of Nusa Tenggara Timur and Kisar island showing location of cave and rockshelter sites with absolute dates. Numbers 
correspond to Table 1. Sites documenting initial occupation during the Pleistocene (black circles) and the Holocene (white squares), 

are indicated. Figure by Kealy and Kaharudin . 

 

Figure 7: Map of Maluku showing location of cave and rockshelter sites with absolute dates. Numbers correspond to Table 1. Sites 

documenting initial occupation during the Pleistocene (black circles) and the Holocene (white squares), are indicated. Figure by 

Kealy and Kaharudin .  
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Figure 8: Map of Maluku Utara and Papua Barat showing location of cave and rockshelter sites with absolute dates. Numbers corre-
spond to Table 1. Sites documenting initial occupation during the Pleistocene (black circles), Transitionary period (red triangles), and 

the Holocene (white squares), are indicated. Figure by Kealy and Kaharudin. 
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Table 1: Cave and rockshelter sites in Indonesia preserving archaeological records for which absolute dates have been obtained, detailing site location, dating methods, and earliest 

date for occupation. Radiocarbon dates were calibrated in OxCal Online v.4.4 (Bronk Ramsey 2009) following the methodology detailed above. Calibration ranges are shown for a 

2-sigma error (i.e., 95.4% probability). U-series dates are reported here according to their published calibrations—please refer to the individual sources for methodological details. 

Sumatra 

No. Site name Island 
Dating 

method 
Dating code Dating material 

14C 

Date 

±   er-

ror 

Calibrated Date 

(2σ) BP 
Source

a 

1 
Loyang Ujung 

Karang 
Sumatra Radiocarbon – Burn ashes 5080 120 6176–5589 1 

2 Loyang Mendale Sumatra Radiocarbon – – 8430 80 9545–8547
 b
 1 

3 Gua Togi Ndrawa Nias Radiocarbon – – 12,170 400 15,529–12,736
 b
 1 

4 Tianko Panjang Sumatra Radiocarbon P-2250 Charcoal 10,250 140 12,593 – 11,401 2 

5 Lida Ajer Sumatra 
U-Series/ 

ESR 

modeled 

composite 
Breccia/teeth – – 73,000–63,000 3 

6 Gua Harimau Sumatra Radiocarbon – Charcoal 13,055 120 15,995–15,276 4 

7 
Gua Pondok 

Selabe I 
Sumatra Radiocarbon – – 4520 290 5895–4425

 b
 5 

8 Gua Pandan Sumatra Radiocarbon – – 9270 380 11,690–8987
 b
 5 

 

Java and Bali 

No. Site name Island 
Dating   

method 
Dating code Dating material 

14C 

Date 

±    

error 

Calibrated Date    

(2σ) BP 
Source 

9 Gua Pawon Java Radiocarbon – Human bone 9525 200 11,311–10,248 6 

10 Gua Braholo Java Radiocarbon – Bone 33,100 1260 40,970–35,400 7 

11 Song Keplek Java Radiocarbon – Bone 24,420 1000 31,020–27,085 7 

12 Song Gupuh Java Radiocarbon Wk-14650 Charcoal 9961 60 11,699–11,241 8 

13 Song Terus Java U-Series ST9901 Bone – – 11,800–10,600 9 

14 Gua Tabuhan Java U-Series – Bovid enamel – – 56,000–50,000 9 

15 Gua Lawa Java Radiocarbon – – 8190 170 9524–8127
 b
 7 

16 Gua Kidang Java Radiocarbon – Marine shell 9600 160 10,815–9825 10 

17 Song Gentong Java Radiocarbon ANU-10584 – 8760 190 10,275–8690
 b
 11 

18 Gua Perahu Java Radiocarbon – – 6971 – 9010–6224
 c
 12 

19 Gua Peturon Java Radiocarbon – – 7670 120 8850–7668
 b
 7 
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20 Gua Toroan Madura Radiocarbon – Marine shell 3750 30 3671–3365 13 

21 Gua Delubang Madura Radiocarbon – Marine shell 4470 30 4635–4270 13 

22 Gua Macan Java Radiocarbon – – 2490 90 2745–1717
 b
 11 

23 Gua Gede 
Nusa 

Penida 
Radiocarbon 

GGD-U11-

D7sp22pg 
Tooth 8800 50 10,147–9562 14 

24 Gua Arca Kangean Radiocarbon Wk-49954 Marine shell 5850 44 6241–5905 15 

 

 

Kalimantan 
 

No. Site name Island 
Dating   

method 
Dating code Dating material 

14C 

Date 

±    er-

ror 

Calibrated Date    (2σ) 

BP 
Source 

25 Lubang Payau Kalimantan Radiocarbon ANU-11261 
Freshwater 

shell 
17,730 250 22,165–19,863

 b
 16 

26 Kimanis Kalimantan Radiocarbon ANU-11259 
Freshwater 

shell 
23,630 480 28,979–25,969

 b
 16 

27 Liang Abu Kalimantan Radiocarbon UBA-20842 Charcoal 12,660 58 15,284–14,914 17 

28 Lubang Jeriji Saléh Kalimantan U-Series LJS1.3 
CaCO3 over 

rock art 
– – 41,720–40,040 18 

29 Lubang Ham Kalimantan U-Series LH2.3 
CaCO3 over 

rock art 
– – 9670–9310 18 

30 Liang Sara Kalimantan U-Series LSR2.3 
CaCO3 over 

rock art 
– – 15,260–14,570 18 

31 Liang Banteng Kalimantan U-Series LBT1.3 
CaCO3 over 

rock art 
– – 19,920–19,680 18 

32 Liang Jon Kalimantan Radiocarbon SacA-19317 Charcoal 2665 35 2849–2740 17 

33 Diang Kaung Kalimantan Radiocarbon ANU-12131 Charcoal 9700 35 11,222–10,875 19 

34 Diang Balu Kalimantan Radiocarbon ANU-43333 Charcoal 12,475 40 14,979–14,336 19 

35 Gua Babi Kalimantan Radiocarbon – – 6620 110 7679–6627
 b
 20 

36 Gua Payung Kalimantan Radiocarbon – 
Freshwater 

shell 
3070 130 3564–2335

 b
 21 
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Sulawesi, Sula, and Talauds 

No. Site name Island 
Dating   

method 
Dating code Dating material 

14C 

Date 

±    

error 

Calibrated Date    (2σ) 

BP 
Source 

37 
Leang Bulu Sipong 

4 
Sulawesi U-Series BSP4.3.5 

CaCO3 over 

rock art 
– – 44,900–43,920 22 

38 Leang Timpuseng Sulawesi U-Series LT2.3 
CaCO3 over 

rock art 
– – 41,570–39,860 23 

39 Leang Jarie Sulawesi U-Series LJ1 
CaCO3 over 

rock art 
– – 39,990–39,350 23 

40 Leang Sampeang Sulawesi U-Series LS1.2 
CaCO3 over 

rock art 
– – 33,360–31,840 23 

41 Gua Jing Sulawesi U-Series GJ1.3 
CaCO3 over 

rock art 
– – 32,600–29,100 23 

42 Leang Lompoa Sulawesi U-Series LL2.2 
CaCO3 over 

rock art 
– – 30,500–28,200 23 

43 
Leang Barugayya 

1 
Sulawesi U-Series LB1.2 

CaCO3 over 

rock art 
– – 32,300–26,000 23 

44 
Leang Barugayya 

2 
Sulawesi U-Series LB4.2 

CaCO3 over 

rock art 
– – 53,100–35,700 23 

45 Leang Sakapao 1 Sulawesi U-Series Wk-3821 
Freshwater 

shell 
31,280 570 36,867–33,906

 b
 24 

46 Leang Burung 1 Sulawesi Radiocarbon ANU-6175 Apatite 4610 220 5893–4655 25 

47 Leang Burung 2 Sulawesi Radiocarbon GRN-8649 
Freshwater 

shell 
32,160 330 37,354–35,113

 b
 26 

48 Leang Bulu Bettue Sulawesi U-Series – Anoa tooth – – 40,000–39,600 27 

49 Batu Ejaya 1 Sulawesi Radiocarbon Wk-5464 Marine shell 4430 50 4608–4186 25 

50 Leang Karassak Sulawesi Radiocarbon Wk-3823 Charcoal 2690 60 2933–2727 25 

51 Gua Pasaung Sulawesi Radiocarbon Wk-20381 Charcoal 6026 70 7155–6674 28 

52 Ulu Leang 1 Sulawesi Radiocarbon GRN-8648 
Freshwater 

shell 
10,740 50 12,763–11,700

 b
 25 

53 Gua Batti Sulawesi Radiocarbon Wk-30264 Charcoal 2928 26 3167–2968 29 

54 Topogaro 1 Sulawesi Radiocarbon TMNA1-2 Charcoal 8742 31 9890–9555 30 

55 Topogaro 2 Sulawesi Radiocarbon TMNA2-5 Charcoal 25,424 83 29,983–29,314 30 
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56 Gua Mo’o Hono Sulawesi Radiocarbon 
D-AMS- 

001620 

Freshwater 

shell 
6855 32 7779–6999

 b
 31 

57 Gua Talimbue Sulawesi Radiocarbon 
D-AMS-

004043 
Charcoal 15,863 69 19,375–18,947 32 

58 Gua Sambangoala Sulawesi Radiocarbon 
D-AMS-

001993 
Charcoal 4923 30 5718–5591 33 

59 Gua Tengkorak Sulawesi Radiocarbon 
D-AMS-

009676 
Charcoal 7239 36 8170–7971 34 

60 Gua Fatiba 
Sanana 

(Sula) 
Radiocarbon ANU-10502 Marine shell 14,200 150 16,815–15,910 35 

61 Gua Manaf 
Sanana 

(Sula) 
Radiocarbon ANU-10500 Marine shell 14,090 140 16,635–15,770 35 

62 Leang Tahuna  
Merampit 

(Talauds) 
Radiocarbon ANU-10207 Marine shell 10,610 100 12,117–11,340 35 

63 
Leang Tuwo 

Mane’e 

Karakelong 

(Talauds) 
Radiocarbon ANU-1717 Marine Shell 4860 130 5112–4355 36 

64 Leang Balangingi 
Karakelong 

(Talauds) 
Radiocarbon ANU-393 Charcoal 950 130 1176–663 36 

65 Leang Buidane 
Salebabu 

(Talauds) 
Radiocarbon ANU-1516 Charcoal 510 80 662–327 36 

66 Leang Sarru 
Salebabu 

(Talauds) 
Radiocarbon ANU-10499 Marine shell 30,750 720 36,085–32,960 35 

67 
Leang 

Arandangana 

Kabaruan 

(Talauds) 
Radiocarbon ANU-10202 Marine shell 1130 70 712–396 35 

68 Leang Buida 
Kabaruan 

(Talauds) 
Radiocarbon 

TERRA-

070407a06 
Marine shell 1358 31 893–631 37 

Nusa Tenggara Timur and Kisar 

No. Site name Island 
Dating   

method 
Dating code Dating material 

14C 

Date 

±    er-

ror 

Calibrated Date    (2σ) 

BP 
Source 

69 Liang Bua Flores Radiocarbon 
OxA-X-

2648-13 
Charcoal 42,500

 d
 900 47,276–43,846 38 

70 Liang Toge Flores Radiocarbon GX-209 Bone 3550 525 5451–2725 39 

71 Lie Madira Sawu Radiocarbon ANU-10916 Marine shell 5800 90 6260–5770 40 
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72 Lua Meko Rote Radiocarbon ANU-10908 Marine shell 24,420 250 28,346–27,240 40 

73 Lua Manggetek Rote Radiocarbon ANU-10915 Charcoal 13,390 430 17,465–14,844 40 

74 Pia Hudale Rote Radiocarbon ANU-10912 Marine shell 11,290 150 12,992–12,266 41 

75 Makpan  Alor Radiocarbon ANU-53609 Marine shell 35,232 427 40,360–38,585 42 

76 Tron Bon Lei Alor Radiocarbon ANU-40130 Marine shell 17,630 70 20,661–20,109 43 

77 Here Sorot Entapa Kisar Radiocarbon Wk-43368 Marine shell 13,395 33 15,525–15,080 44 

Maluku 

No. Site name Island 
Dating   

method 
Dating code Dating material 

14C 

Date 

±    er-

ror 

Calibrated Date    (2σ) 

BP 
Source 

78 Labarisi Buru Radiocarbon – Marine shell 6600 90 7150–6644 45 

79 Hatuhuran Seram Radiocarbon Beta-181924 Charcoal 1180 40 1243–972 45 

80 Hatusua Seram Radiocarbon 
D-AMS-

013933 
Marine shell 1092 24 641–417 46 

81 Batususu Ambon Radiocarbon Beta-73693 – 780 60 898–44
 b
 45 

82 Liang Watu Tewa Seram Radiocarbon 
D-AMS-

013930 
Marine shell 4086 28 4118–3775 46 

83 Liang Fanga 2 Seram Radiocarbon 
D-AMS-

013929 
Marine shell 4850 28 5135–4780 46 

84 Liang Kilbidi Seram Radiocarbon 
D-AMS-

013931 
Marine shell 3607 27 3479–3186 46 

85 Liang Nabulei Lisa  
Kobroor 

(Aru) 
Radiocarbon OZF518 Eggshell 13,130 80 16,014–15,501 47 

86 Liang Lemdubu  
Kobroor 

(Aru) 
U-Series LC28 Flowstone – – 27,310–26,730 48 
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Maluku Utara and Papua 

No. Site name Island 
Dating   

method 
Dating code Dating material 

14C 

Date 

±    er-

ror 

Calibrated Date    (2σ) 

BP 
Source 

87 Daeo 2 Morotai Radiocarbon ANU-9450 Marine shell 13,930 140 16,417–15,571 49 

88 Tanjung Pinang Morotai Radiocarbon ANU-7782 Marine shell 8860 110 9622–9028 49 

89 Sambiki Tua Morotai Radiocarbon ANU-7784 Charcoal 720 180 1055–326 49 

90 Gua Siti Nafisah Halmahera Radiocarbon ANU-7789 Marine shell 5120 100 5548–4971 49 

91 Gua Uattamdi Kayoa Radiocarbon ANU-7776 Marine shell 3440 110 3432–2835 49 

92 Golo Gebe Radiocarbon ANU-9447 Marine shell 32,490 1070 39,137–34,305 49 

93 Wetef Gebe Radiocarbon Wk-4627 Marine shell 25,540 420 29,855–28,002 49 

94 Buwawansi Gebe Radiocarbon Wk-4628 Marine shell 8550 70 9245–8720 49 

95 Um Kapat Papo Gebe Radiocarbon ANU 9318 Marine shell 6670 60 7165–6755 49 

96 Kelo 2 Obi Radiocarbon Wk-49406 Marine shell 10,447 29 11,694–11,269 50 

97 Kelo 6 Obi Radiocarbon Wk-49410 Marine shell 14,974 39 17,552–17,035 50 

98 Gua Toe’ Papua Radiocarbon OZG-063 Eggshell 25,940 180 30,739–29,948 51 

99 Gua Kria Papua Radiocarbon OxA-6043 Charcoal 6900 80 7927–7590 51 

a Sources: 1) Wiradnyana 2016. 2) Bronson and Asmar 1975. 3) Westaway et al. 2017. 4) Matsumura et al. 2018. 5) Forestier et al. 2006. 6) Yondri 2010. 7) Simanjuntak 

and Asikin 2004. 8) Morwood et al. 2008. 9) Sémah et al. 2004. 10) Nurani and Murti 2017. 11) Simanjuntak 2001. 12) Lahagu et al. 1991. 13) Muda 2017. 14) Hidayah 

2017. 15) Alifah, 2020. 16) Arifin 2017. 17) Plutniak et al. 2014. 18) Aubert et al. 2018. 19) Kusmartono et al. 2017. 20) Widianto 1997. 21) Fajari and Kusmartono 2013. 

22) Aubert et al. 2019. 23) Aubert et al. 2014. 24) Bulbeck et al. 2004. 25) Bulbeck et al. 2000. 26) Glover 1981. 27) Li et al. 2016. 28) Hakim et al. 2009. 29) Oktaviana et 

al. 2016. 30) Ono et al. 2020. 31) O’Connor et al. 2018. 32) Bulbeck et al. 2019. 33) Fakhri 2018. 34) Bulbeck 2018. 35) Tanudirjo 2001. 36) Bellwood 1976. 37) Ono et 

al. 2018. 38) Sutikna et al. 2018. 39) Jacob 1967. 40) Mahirta 2003. 41) Mahirta et al. 2004. 42) Kealy et al. 2020. 43) Samper Carro et al. 2016. 44) O’Connor et al. 

2019. 45) Latinis and Stark 2005. 46) Lape et al. 2017. 47) O’Connor et al. 2005a. 48) O’Connor et al. 2005b. 49) Bellwood 2019. 50) Shipton et al. 2020b. 51) Pasveer 

2004. 

b Where there is no known dating material the calibration ranges from both IntCal20 and Marine20 were combined. 

c Where there is no known error we applied an average estimate error of ±500. 

d Here we list the start of Homo sapiens occupation in Liang Bua, not the earlier arrival of other members of the genus (i.e., H. floresiensis). 
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DISCUSSION 

Here we present a catalogue of archaeological 

sites and their corresponding dates for initial 

occupation, compiled for the first time in over 

35 years for the entirety of Indonesia. Our study 

demonstrates the rapid growth seen in the field 

of Indonesian archaeology over the last few 

decades. Where Bronson and Glover docu-

mented just 15 dated sites (ten of them caves 

and rockshelters) across the country in 1984, 

here, despite limiting our catalogue to only 

caves and rockshelters, we list 99 sites (an in-

crease of almost 3 sites per year).  

An unequal distribution of sites 

Sulawesi, Java, and Kalimantan are the regions 

with the greatest abundance of absolute dating 

records. This is not to suggest however that 

other regions of Indonesia have not preserved 

evidence of prehistoric occupation. As the re-

cent wealth of archaeological discoveries on the 

island of Kisar demonstrates, a previous lack of 

sites is more likely an indicator of a lack of re-

search than a lack of preservation (see 

O’Connor et al. 2019, this volume). Even com-

paratively better-known regions such as Su-

lawesi still have large areas unexplored and 

likely a large number of prehistoric sites yet to 

be discovered (see Figure 5).  

So far, accessibility seems to be a dominant 

factor in the number of sites recorded for a re-

gion. For instance, it is much easier to conduct 

an excavation near a village in Java compared to 

somewhere in the middle of the jungle of Kali-

mantan or Papua. Both the availability of set-

tlements and transport networks, as well as 

physical distance from key centers of infrastruc-

ture and administration (Jakarta in particular), 

appear to have had a substantial impact on the 

intensity of both initial exploratory research as 

well as more extensive excavation and dating 

efforts in Indonesia. This situation is highlighted 

in the islands and regions missing or poorly rep-

resented here in our catalogue. In particular we 

highlight the regions of Maluku Utara, Nusa 

Tenggara Barat, and central and northern Su-

lawesi as key areas for future archaeological 

research to fill in the geographic gaps.  

While a number of open sites, caves, and 

rock art have been reported from Papua (Fairyo 

2010, 2016; Suroto 2012), to date, only two 

cave sites have produced dating records (Gua 

Toe’, Table 1:98 and Gua Kria, Table 1:99; 

Pasveer 2004). This situation highlights another 

factor affecting the distribution of dating efforts 

across Indonesia—international research col-

laboration. International collaboration is one of 

the main driving factors for the increase in dat-

ing records in Indonesia that we see over the last 

few decades (about 65% of the dates catalogued 

here are the result of international collabora-

tion). Indonesia has its own radiocarbon dating 

laboratories (the geology research center; P3G 

in Bandung, and two labs associated with the 

national nuclear facility-BATAN, one in 

Yogyakarta: PTAPB and one in Jakarta: 

PATIR; Faisal 2009), and there are good exam-

ples of independent research efforts using these 

facilities (e.g., Simanjuntak and Asikin 2004). 

Several explanations may describe the lack 

of chronological narrative in some sites. Many 

cave and rockshelter sites identified in Indone-

sia as having prehistoric archaeological poten-

tial have yet to be excavated, or have not yet 

had their excavations completed. Of the sites 

that have been excavated, not all have been 

dated using absolute methods (our reading of 

the literature would suggest at least 30 exca-

vated prehistoric sites in Indonesia remain un-

dated). Furthermore, even those sites for which 

absolute dates have been recovered, not all are 

well reported in the literature, making it difficult 

for later investigations of their chronology. 

A wrinkle in the oldest age 

Radiocarbon dating is the most common tech-

nique applied in archaeological sites, including 

in Indonesia. Although some of the earlier pub-

lications provide limited information on their 

dating methods and results, a number of them 

were published before publications of conven-

tions in radiocarbon terminology and reporting 

(see Stuiver and Polach 1977; Mook and van 

der Plicht 1999). These publications often lack 

detailed information on dating materials, labora-

tory sample numbers, as well as the margin of 

error, which can negatively impact future revi-
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sions and research of the sites. We encourage 

future dating efforts by both technicians and ar-

chaeologists involved, to work to produce, ob-

tain, and clearly publish all relevant dating in-

formation in accordance with current radiocar-

bon conventions.  

The calibration of radiocarbon dates signifi-

cantly improves the accuracy of the estimated 

age of a sample; converting from a radiocarbon 

determination to an estimated ‘true age’ (ORAU 

2020). However, a calibration curve spaning the 

last 55 thousand years (i.e., IntCal20; Reimer et 

al. 2020) has not always been available. Ar-

chaeological research prior to 2009 was limited 

to calibrations of ages of less than 26 ka 

(Reimer et al. 2004, 2009). For example, Pas-

veer (2004) reported 26,000 years of rainforest 

exploitation in Papua based on the raw date she 

obtained from Gua Toe’ (Table 1:98). She cali-

brated the majority of her samples but was un-

able calibrate the oldest two (OZF-847: 

23,140±150 and OZG-063: 25,940±180; Pas-

veer 2004:69). Our current calibrated date 

(30,739–29,948 cal BP) indicates a clearly older 

record, pushing back the story of rainforest ex-

ploitation by at least another 4 ka. This example 

demonstrates the significance of continued im-

provements in calibration curves and calibration 

techniques, in addition to the importance of re-

calibration of previously published dates.  

In addition to re-calibration, some sites may 

be worth revisiting for either their archived col-

lections or physically for re-excavation, in order 

to increase their dating record. Improvements in 

the techniques of radiocarbon analysis and labo-

ratory methods mean earlier excavated sites 

such as Liang Toge (Table 1:70) in particular 

could benefit from a modern re-dating effort. 

Liang Toge (Jacob 1967) was dated well before 

Bird et al. (1999) developed the improved 

ABOx-SC pre-treatment method, while labora-

tory techniques more generally have improved 

substantially for all materials, and bone in par-

ticular (Wood 2015). Similarly, advancements 

in excavation techniques and the possibilities of 

combining dating techniques such as OSL with 

radiocarbon makes re-excavation of certain sites 

particularly attractive. The success of such ef-

forts by Clarkson et al. (2015, 2017) at Madjed-

bebe in northern Australia is an inspiration for 

similar actions to be taken in Indonesia. Fur-

thermore, the increase in international collabo-

rations and funding, and relative decline in dat-

ing costs, have somewhat reduced the financial 

constraints on the numbers of dates possible for 

archaeological sites in Indonesia.  

A higher volume of dates from a single site 

also provides researchers with the capacity for 

detailed Bayesian modeling which further im-

proves the accuracy of age estimates (Wood 

2015). The success of this technique at the north 

Australian site of Riwi is a testament to the use-

fulness of Bayesian modelling in dating ar-

chaeological sites, although it also highlights the 

high number of individual dates required (Wood 

et al. 2016). Recently, work by O’Connor et al. 

(2019) on the island of Kisar produced 21 ra-

diocarbon determinations from two 1 x 1 m 

square excavations. They successfully used 

these dates to produce a Bayesian model for oc-

cupation across the site, one of the very few 

such attempts in Indonesian archaeology so far.  

CONCLUSION 

Thirty-five years after Libby (Arnold and Libby 

1949) developed radiocarbon dating, Bronson 

and Glover (1984) catalogued ten dated cave 

and rockshelter sites in Indonesia. Another 35 

years on and the number of dated archaeological 

sites in Indonesia has increased substantially. 

Further aided by improvements in absolute dat-

ing techniques, methodologies, and calibration, 

today there are 99 cave and rockshelter sites 

across the country with published dates. While 

this study is restricted to cave and rockshelter 

sites, we acknowledge that these assemblages 

comprise just a part of Indonesia’s archaeologi-

cal record. The increase in research generally 

and dating in particular has not been restricted 

to Indonesia alone, such efforts have continued 

throughout the wider Southeast Asian region 

(e.g., Habu et al. 2017; Piper et al. 2017); how-

ever, Indonesia is remarkable for the number 

and significance of its new discoveries since 

1984. This massive improvement in the chrono-

logical record for Indonesian prehistory further 

enables researchers to interpret the archaeologi-
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cal assemblages, patterns of occupation, and 

broader cultural narratives of this archipelago. 

This review clearly documents improvement 

in dating efforts across Indonesia, while also 

highlighting both geographical and temporal 

gaps in our record. Indonesia, with its fossil re-

cords of various archaic hominins (e.g., Homo 

erectus, H. floresiensis), and prehistory of 

multi-cultural turnover, holds a wealth of re-

search potential in these under- and un-explored 

areas. Further improvements in both the dating 

records and methodologies across Indonesia 

have the capacity to inform on more regional 

and global questions of early hominin admix-

tures, trade and migration, and pose new ques-

tions for Indonesia’s prehistoric story.  

We are looking at the bright future of Indo-

nesian archaeology. In doing so, improvements 

in dating technology and their applications 

should be encouraged. Similarly, international 

collaboration has proven a key boost to the re-

search milieu, and so should continue to be sup-

ported in the future. Investing in Indonesia’s 

dating capability will provide a key contribution 

on the development of archaeological theory, 

models, and framework in Indonesia.  

ACKNOWLEDGMENTS 

Many thanks to the Indonesia Endowment Fund 

for Education (LPDP) awarded to Kaharudin for 

the opportunity to pursue postgraduate study 

during which this research was conducted. We 

thank the two anonymous reviewers whose 

comments helped us improve this manuscript. 

REFERENCES 

Adams, W.H. 2003. Dating historical sites: The 

importance of understanding time lag in the 

acquisition, curation, use, and disposal of 

artifacts. Historical Archaeology 37(2):38–

64.  

Alifah. 2020. The contribution of recent data 

from islands in the North Java Sea on In-

donesian prehistoric archaeology. 

Walennae 18(2):65–72. 

 https://walennae.kemdikbud.go.id/index.ph

p/walennae/article/view/430 

Allen, J. and J. O’Connell. 2014. Both half 

right: Updating the evidence for dating first 

human arrivals in Sahul. Australian Ar-

chaeology 79(1):86–108. 

Allen, J. and J.F. O’Connell. 2020. A different 

paradigm for the initial colonisation of 

Sahul. Archaeology in Oceania 55(1):1–14. 

Arifin, K. 2017. Terminal Pleistocene and early 

Holocene human occupation in the rainfor-

ests of East Kalimantan. In P.J. Piper, H. 

Matsumura and D. Bulbeck (eds.), New 

Perspectives in Southeast Asian and Pacific 

Prehistory, pp. 97–124. Terra Australis 45. 

Canberra: ANU Press.  

 https://press.anu.edu.au/publications/series/

terra-australis/new-perspectives-southeast-

asian-and-pacific-prehistory 

Arnold, J.R. and W.F. Libby. 1949. Age deter-

minations by radiocarbon content: Checks 

with samples of known age. Science 

110(2869):678–680. 

Arnold, J.R. and W.F. Libby. 1951. Radiocar-

bon dates. Science 113(2927):111–120. 

Attenbrow, V. 1992. Shell bed or shell midden. 

Australian Archaeology 34(1):3–21. 

Aubert, M., A. Brumm, M. Ramli, T. Sutikna, 

E.W. Saptomo, B. Hakim, M.J. Morwood, 

G.D. van den Bergh, L. Kinsley and A. 

Dosseto. 2014. Pleistocene cave art from 

Sulawesi, Indonesia. Nature 

514(7521):223–227. 

Aubert, M., P. Setiawan, A.A. Oktaviana, A. 

Brumm, P.H. Sulistyarto, E.W. Saptomo, 

B. Istiawan, T.A. Ma’rifat, V.N. 

Wahyuono, F.T. Atmoko, J.X. Zhao, J. 

Huntley, P.S.C. Taçon, D.L. Howard and 

H.E.A. Brand. 2018. Palaeolithic cave art 

in Borneo. Nature 564(7735):254–257. 

Aubert, M., R. Lebe, A.A. Oktaviana, M. Tang, 

B. Burhan, Hamrullah, A. Jusdi, Abdullah, 

B. Hakim, J.X. Zhao, I.M. Geria, P.H. 

Sulistyarto, R. Sardi and A. Brumm. 2019. 

Earliest hunting scene in prehistoric art. 

Nature 576:442–445. 

Bedford, S., H. Buckley, F. Valentin, N. Tayles 

and N.F. Longga. 2011. Lapita burials, a 

new Lapita cemetery and post-Lapita buri-

als from Malakula, northern Vanuatu, 



 

103 

 

Southwest Pacific. Journal of Pacific Ar-

chaeology 2(2):26–48. 

Bellwood, P. 1976. Archaeological research in 

Minahasa and the Talaud Islands, north-

eastern Indonesia. Asian Perspectives 

19(2):240–288. 

Bellwood, P. 2019. The Indonesian-Australian 

Archaeological Research Project in the 

Northern Moluccas. In P. Bellwood (ed.), 

The Spice Islands in Prehistory: Archaeol-

ogy in the Northern Moluccas, Indonesia, 

pp. 1–15. Terra Australis 50. Canberra: 

ANU Press.  

 https://press.anu.edu.au/publications/series/

terra-australis/spice-islands-prehistory 

Berger, R. and N. Meek. 1992. Radiocarbon da-

ting of Anodonta in the Mojave River ba-

sin. Radiocarbon 34(3):578–584. 

Bergström, A., N. Nagle, Y. Chen, S. McCar-

thy, M.O. Pollard, Q. Ayub, S. Wilcox, L. 

Wilcox, R.A. van Oorschot, P. McAllister, 

L. Williams, Y. Xue, R.J. Mitchell and C. 

Tyler-Smith. 2016. Deep roots for Aborigi-

nal Australian Y chromosomes. Current 

Biology 26(6):809–813. 

Bird, M.I., L.K. Ayliffe, L.K. Fifield, C.S. 

Turney, R.G. Cresswell, T.T. Barrows and 

B. David. 1999. Radiocarbon dating of 

“old” charcoal using a wet oxidation, 

stepped-combustion procedure. Radiocar-

bon 41(2):127–140. 

Bird, M.I., D. Taylor and C. Hunt. 2005. 

Palaeoenvironments of insular Southeast 

Asia during the Last Glacial Period: A sa-

vanna corridor in Sundaland?. Quaternary 

Science Reviews 24(20–21):2228–2242.  

Bird, M.I., V. Levchenko, P.L. Ascough, W. 

Meredith, C.M. Wurster, A. Williams, E.L. 

Tilston, C.E. Snape and D.C. Apperley. 

2014. The efficiency of charcoal decontam-

ination for radiocarbon dating by three pre-

treatments–ABOX, ABA and hypy. Qua-

ternary Geochronology 22:25–32. 

Birdsell, J. B. 1977. The recalibration of a para-

digm for the first peopling of greater Aus-

tralia. In J. Allen, J. Golson and R. Jones 

(eds.), Sunda and Sahul: Prehistoric Stud-

ies in Southeast Asia, Melanesia, and Aus-

tralia, pp. 113–167. London: Academic 

Press Inc. 

Bronk Ramsey, C. 2009. Bayesian analysis of 

radiocarbon dates. Radiocarbon 51(1):337–

360. 

Bronson, B. and T. Asmar. 1975. Prehistoric 

investigations at Tianko Panjang cave, Su-

matra: An interim report. Asian Perspec-

tives 18(2):128–145. 

Bronson, B. and I. Glover. 1984. Archaeological 

radiocarbon dates from Indonesia: A first 

list. Indonesia Circle 12(34):37–44. 

Bulbeck, D. 2018. Holocene site occupancy in 

Sulawesi. In S. O’Connor, D. Bulbeck and 

J. Meyer (eds.), The Archaeology of Sula-

wesi: Current Research on the Pleistocene 

to the Historic Period, pp. 93–116. Terra 

Australis 48. Canberra: ANU Press. DOI:  

http://doi.org/10.22459/TA48.11.2018 

Bulbeck, D., S. O'Connor, J.N. Fenner, B. Mar-

wick, F. Aziz, B. Hakin and U.P. Wibowo. 

2019. Patterned and plain baked clay from 

pre-pottery contexts in Southeast Sulawesi, 

Indonesia. Antiquity 93(371):1284–1302. 

Bulbeck, D., M. Pasqua and A. Di Lello. 2000. 

Culture history of the Toalean of South Su-

lawesi, Indonesia. Asian Perspectives 

39(1–2):71–108. 

Bulbeck, F.D., I. Sumantri and P. Hiscock. 2004 

Leang Sakapao 1, a second dated Pleisto-

cene site from South Sulawesi, Indonesia. 

In S.G. Keates and J.M. Pasveer (eds.), 

Quaternary Research in Indonesia, pp. 

118–128. Modern Quaternary Research in 

Southeast Asia 18. Leiden: A.A. Balkema. 

Clarkson, C., M. Smith, B. Marwick, R. 

Fullagar, L.A. Wallis, P. Faulkner, T. 

Manne, E. Hayes, R.G. Roberts, Z. Jacobs 

and X. Carah. 2015. The archaeology, 

chronology and stratigraphy of Madjedbebe 

(Malakunanja II): A site in northern Aus-

tralia with early occupation. Journal of 

Human Evolution 83:46–64. 

Clarkson, C., Z. Jacobs, B. Marwick, R. 

Fullagar, L. Wallis, M. Smith, R.G. Rob-

erts, E. Hayes, K. Lowe, X. Carah, S.A. 

http://doi.org/10.22459/TA48.11.2018


 

104 

 

Florin, J. McNeil, D. Cox, L.J. Arnold, Q. 

Hua, J. Huntley, H.E.A. Brand, T. Manne, 

A. Fairbairn, J. Shulmeister, L. Lyle, M. 

Salinas, M. Page, K. Connell, G. Park, K. 

Norman, T. Murphy and C. Pardoe. 2017. 

Human occupation of northern Australia by 

65,000 years ago. Nature 547:306–310. 

Clarkson, C., R.G. Roberts, Z. Jacobs, B. Mar-

wick, R. Fullagar, L.J. Arnold and Q. Hua. 

2018. Reply to comments on Clarkson et al. 

(2017) ‘Human occupation of northern 

Australia by 65,000 years ago’. Australian 

Archaeology 84(1):84–89. 

Cohen, K.M., S.C. Finney, P.L. Gibbard and J.-

X. Fan. 2013; updated. The ICS Interna-

tional Chronostratigraphic Chart. Episodes 

36:199–204. 

Cribb R. B. and M. Ford. 2009. Indonesia as an 

archipelago: Managing islands, managing 

the seas. In R. B. Cribb and M. Ford (eds.), 

Indonesia Beyond the Water’s Edge: Man-

aging an Archipelagic State, pp. 1–27. Sin-

gapore: Institute of Southeast Asian Studies 

(ISEAS). 

Culleton, B.J. 2006. Implications of a freshwa-

ter radiocarbon reservoir correction for the 

timing of late Holocene settlement of the 

Elk Hills, Kern County, California. Journal 

of Archaeological Science 33(9):1331–

1339. 

David, B. 1993. Nurrabullgin Cave: Preliminary 

results from a pre‐37,000 year old 
rockshelter, North Queensland. Archaeolo-

gy in Oceania 28(1):50–54. 

David, B., R. Roberts, C. Tuniz, R. Jones and J. 

Head. 1997. New optical and radiocarbon 

dates from Ngarrabullgan Cave, a Pleisto-

cene archaeological site in Australia: Im-

plications for the comparability of time 

clocks and for the human colonization of 

Australia. Antiquity 71(271):183–188. 

David, B., J.-J. Delannoy, J. Mialanes, C. Clark-

son, F. Petchey, J.M. Geneste, T. Manne, 

M.I. Bird, B. Barker, T. Richards, E. 

Chalmin and G. Castets. 2019. 45,610–

52,160 years of site and landscape occupa-

tion at Nawarla Gabarnmang, Arnhem 

Land plateau (northern Australia). Quater-

nary Science Reviews 215:64–85. 

Delannoy, J.-J., B. David, J.-M. Geneste, M. 

Katherine, B. Sadier and R. Gunn. 2017. 

Engineers of the Arnhem Land plateau: Ev-

idence for the origins and transformation of 

sheltered spaces at Nawarla Gabarnmang. 

In B. David, P.S.C. Taçon, J.-J. Delannoy 

and J.-M. Geneste (eds.), The Archaeology 

of Rock Art in Western Arnhem Land, Aus-

tralia, pp. 197–244. Terra Australis 47. 

Canberra: ANU Press. DOI:  

http://dx.doi.org/10.22459/TA47.11.2017 

Dickson, J.A.D. 1966. Carbonate identification 

and genesis as revealed by stain-

ing. Journal of Sedimentary Re-

search 36(2):491–505. 

Douka, K., T.F. Higham and R.E. Hedges. 

2010. Radiocarbon dating of shell car-

bonates: Old problems and new solu-

tions. Munibe Suplemento 31:18–27. 

Dubois, M.E.F.T. 1894. Pithecanthropus erec-

tus: eine menschenähnliche Übergangs-

form aus Java. Batavia: Landes Drucherei. 

Eggins, S.M., R. Grün, M.T. McCulloch, A.W. 

Pike, J. Chappell, L. Kinsley, G. Mortimer, 

M. Shelley, C.V. Murray-Wallace, C. Spötl 

and L. Taylor. 2005. In situ U-series dating 

by laser-ablation multi-collector ICPMS: 

new prospects for Quaternary geochronol-

ogy. Quaternary Science Reviews 24(23–

24):2523–2538. 

Fairyo, K. 2010. Jejak migrasi penghuni Pulau 

Misool masa prasejarah. Papua 2(2):85–92. 

Fairyo, K. 2016. Lukisan dinding gua prasejarah 

di perbatasan Indonesia-Papua Nugini. 

KALPATARU, Majalah Arkeologi 

25(2):117–130. 

Faisal, W. 2009. Peran metode pertanggalan 

radiometris di Bidang Arkeologi dan 

Geologi. GANENDRA Majalah IPTEK 

Nuklir 12(2):70–81. 

Fajari, N.M.E. and V.P.R. Kusmartono. 2013. 

The excavation of Gua Payung, South Ka-

limantan, Indonesia. Bulletin of the Indo-

Pacific Prehistory Association 33:20–23. 

http://dx.doi.org/10.22459/TA47.11.2017


 

105 

 

Fakhri. 2018. Vertebrate fauna from Gua 

Sambangoala, Southeast Sulawesi. In S. 

O’Connor, D. Bulbeck and J. Meyer (eds.), 

The Archaeology of Sulawesi: Current Re-

search on the Pleistocene to the Historic 

Period, pp. 153–169. Terra Australis 48. 

Canberra: ANU Press. DOI:   

 http://doi.org/10.22459/TA48.11.2018 

Fernandes, R., S. Bergemann, S. Hartz, P.M. 

Grootes, M.J. Nadeau, F. Melzner, A. 

Rakowski and M. Hüls. 2012. Mussels with 

meat: Bivalve tissue-shell radiocarbon age 

differences and archaeological implica-

tions. Radiocarbon 54(3-4):953–965. 

Forestier, H., D. Driwantoro, D. Guillaud, 

Budiman and D. Siregar. 2006. New data 

for the prehistoric chronology of south Su-

matra. In T. Simanjuntak, M. Hisyam, B. 

Prasetyo and T.S. Nastiti (eds.), Archaeol-

ogy: Indonesian Perspective. R.P. 

Soejono’s Festschrift, pp. 177–192. Jakarta: 

LIPI Press. 

Gaffney, D., A. Ford and G. Summerhayes. 

2015. Crossing the Pleistocene–Holocene 

transition in the New Guinea Highlands: 

Evidence from the lithic assemblage of 

Kiowa rockshelter. Journal of Anthropo-

logical Archaeology 39:223–246. 

Glover, I. 1976. Ulu Leang Cave, Maros: A pre-

liminary sequence of post-Pleistocene cul-

tural development in South Sulawesi. 

Archipel 11(1):113–154. 

Glover, I. 1981. Leang Burung 2: An Upper 

Palaeolithic rock shelter in south Sulawesi, 

Indonesia. Modem Quaternary Research in 

Southeast Asia 6:1–38. 

Habu, J., P.V. Lape and J.W. Olsen (eds.). 

2017. Handbook of East and Southeast 

Asian Archaeology. Springer: New York. 

Hakim, B., M. Nur and Rustam. 2009. The sites 

of Gua Pasaung (Rammang-Rammang) and 

Mallawa: Indicators of cultural contact be-

tween the Toalian and Neolithic complexes 

in South Sulawesi. Bulletin of the Indo-

Pacific Prehistory Association 29:45–52. 

Harrisson, T. 1970. The prehistory of Borneo. 

Asian Perspectives 13:17–45. 

Hawkins, S., S. O’Connor, T.R. Maloney, M. 

Litster, S. Kealy, J.N. Fenner, K. Aplin, C. 

Boulanger, S. Brockwell, R. Willan and E. 

Piotto. 2017. Oldest human occupation of 

Wallacea at Laili Cave, Timor-Leste, 

shows broad-spectrum foraging responses 

to late Pleistocene environments. Quater-

nary Science Reviews 171:58–72. 

Heaton, T.J., P. Köhler, M. Butzin, E. Bard, 

R.W. Reimer, W.E. Austin, Bronk Ramsey, 

C., P.M. Grootes, K.A. Hughen, B. 

Kromer, P.J. Reimer, J. Adkins, A. Burke, 

M.S. Cook, J. Olsen and L.C. Skinner. 

2020. Marine20—the marine radiocarbon 

age calibration curve (0–55,000 cal BP). 

Radiocarbon 62(4):779–820. 

Hidayah, A.R. 2017. Jejak austronesia di situs 

Gua Gede, Pulau Nusa Penida, Bali. Forum 

Arkeologi 39(1):1–10. 

Higham, T.F., H.U.W. Barton, C.S. Turney, G. 

Barker, C. Bronck Ramsey and F. Brock. 

2009. Radiocarbon dating of charcoal from 

tropical sequences: Results from the Niah 

Great Cave, Sarawak, and their broader 

implications. Journal of Quaternary Sci-

ence 24(2):189–197. 

Hiscock, P. 1990. How old are the artefacts in 

Malakunanja II? Archaeology in Oceania 

25(3):122–124. 

Hogg, A.G., T.J. Heaton, Q. Hua, J.G. Palmer, 

C.S. Turney, J. Southon, A. Bayliss, P.G. 

Blackwell, G. Boswijk, C. Bronk Ramsey, 

C. Pearson, F. Petchey, P. Reimer, R. 

Reimer and L. Wacker. 2020. SHCal20 

Southern Hemisphere calibration, 0–55,000 

years cal BP. Radiocarbon 62(4):759–778. 

Jacob, T. 1967. Some Problems Relating to the 

Racial History of the Indonesian Region. 

Utrecht: Drukkerij Neerlandia. 

Jones R. 1999. Dating the human colonization 

of Australia: Radiocarbon and lumines-

cence revolutions. Proceedings of the Brit-

ish Academy 99:37–65. 

Kamminga, J. and H. Allen. 1973. Alligator 

Rivers Environmental Fact Finding Study: 

Report of the Archaeological Survey. Dar-

win: Government Printer. 

http://doi.org/10.22459/TA48.11.2018


 

106 

 

Kealy, S., J. Louys and S. O’Connor. 2016. Is-

lands under the sea: A review of early 

modern human dispersal routes and migra-

tion hypotheses through Wallacea. The 

Journal of Island and Coastal Archaeolo-

gy 11(3):364–384. 

Kealy, S., J. Louys and S. O’Connor. 2018a. 

Least-cost pathway models indicate north-

ern human dispersal from Sunda to Sahul. 

Journal of Human Evolution 125:59–70. 

Kealy, S., L. Wattimena and S. O’Connor. 

2018b. A geological and spatial approach 

to prehistoric archaeological surveys on 

small islands: Case studies from Maluku 

Barat Daya, Indonesia. Kapata Arkeologi 

14(1):1–14. 

Kealy, S., S. O’Connor, Mahirta, D.M. Sari, C. 

Shipton, M.C. Langley, C. Boulanger, 

H.A.F. Kaharudin, E.P.B.G.G. Patridina, 

M.A. Algifary, A. Irfan, P. Beaumont, N. 

Janowski, S. Hawkins and J. Louys. 2020. 

Forty-thousand years of maritime subsist-

ence near a changing shoreline on Alor Is-

land (Indonesia). Quaternary Science Re-

views 249:106599. 

Kennett, D.J., B.L. Ingram, J.R. Southon and K. 

Wise. 2002. Differences in 14 C age be-

tween stratigraphically associated charcoal 

and marine shell from the Archaic Period 

Site of Kilometer 4, southern Peru: Old 

wood or old water? Radiocarbon 44(1):53–

58. 

Kravitz, G. 2014. The geohistorical time arrow: 

From Steno's stratigraphic principles to 

Boltzmann's past hypothesis. Journal of 

Geoscience Education 62(4):691–700.  

Kusmartono, V.P., I. Hindarto and E. Herwanto. 

2017. Late Pleistocene to recent: Human 

activities in the deep interior equatorial 

rainforest of Kalimantan, Indonesian Bor-

neo. Quaternary International 448:82–94. 

Lahagu, F., W. Susetyo, W. Faisal and P. 

Pujiono. 1991. Pertanggalan artefak logam 

dengan metode radiocarbon. Amerta 12:31–

37. 

Lape, P.V., F.A. Aziz, D. Ekowati, J. Huff, W. 

Handoko, A. Huwae, M. Lahallo, S. 

Latupapua, A.A. Oktaviana, E. Peterson 

and M. Ririmasse. 2017. Reframing the Is-

land Southeast Asian Neolithic: Local vs 

regional adaptations. In B. Prasetyo, T. S. 

Nastiti, and T. Simanjuntak (eds.), Austro-

nesian Diaspora: A new Perspective, 

pp.65–76. Yogyakarta: Gadjah Mada Uni-

versity Press. 

Latinis, D.K. and K. Stark. 2005. Cave use vari-

ability in central Maluku, Eastern Indone-

sia. Asian Perspectives 44(1):119–136. 

Li, B., R.G. Roberts, A. Brumm, Y.G. Guo, B. 

Hakim, M. Ramli, M. Aubert, R. Grün, J.X. 

Zhao and E.W. Saptomo. 2016. IRSL da-

ting of fast-fading sanidine feldspars from 

Sulawesi, Indonesia. Ancient TL 34(2):1–

13. 

Lourandos, H. 1993. Hunter-gatherer cultural 

dynamics: Long- and short-term trends in 

Australian prehistory. Journal of Archaeo-

logical Research 1(1):67–88. 

Louys, J., S. Kealy, S. O’Connor, G.J. Price, S. 

Hawkins, K. Aplin, Y. Rizal, J. Zaim, D.A. 

Tanudirjo, W.D. Santoso, A.R. Hidayah, A. 

Trihascaryo, R. Wood, J. Bevitt and T. 

Clark. 2017. Differential preservation of 

vertebrates in Southeast Asian 

caves. International Journal of Speleolo-

gy 46(3):379–408. 

Lyman, R.L., S. Wolverton and M.J. O’Brien. 

1998. Seriation, superposition, and 

interdigitation: A history of Americanist 

graphic depictions of culture change. Amer-

ican Antiquity 63(2):239–261. 

Mahirta. 2003. Human Occupation on Rote and 

Sawu Islands, Nusa Tenggara Timur. Ph.D. 

thesis. Canberra: Australian National Uni-

versity. https://openresearch-

repository.anu.edu.au/handle/1885/11096 

Mahirta, K.P. Aplin, D. Bulbeck, WE. Boles 

and P. Bellwood. 2004. Pia Hudale 

Rockshelter: A terminal Pleistocene occu-

pation site on Roti Island, Nusa Tenggara 

Timur, Indonesia. In S.G. Keates and J.M. 

Pasveer (eds.), Quaternary Research in In-

donesia, pp. 361–394. Modern Quaternary 

Research in Southeast Asia 18. Leiden: 

A.A. Balkema. 



 

107 

 

Maloney, T., S. O’Connor, R. Wood, K. Aplin 

and J. Balme. 2018. Carpenters Gap 1: A 

47,000 year old record of indigenous adap-

tion and innovation. Quaternary Science 

Reviews 191:204–228. 

Mansyur, S. 2007. Kajian awal fungsi gua dan 

wilayah sebaran situs gua di Maluku dan 

Maluku Utara. Kapata Arkeologi 3(5):49–

71. 

Matsumura, H., K.I. Shinoda, T. Simanjuntak, 

A.A. Oktaviana, S. Noerwidi, H.O. Sofian, 

D. Prastiningtyas, L.C. Nguyen, T. Kakuda, 

H. Kanzawa-Kiriyama and N. Adachi. 

2018. Cranio-morphometric and aDNA 

corroboration of the Austronesian dispersal 

model in ancient Island Southeast Asia: 

Support from Gua Harimau, Indonesia. 

PloS ONE 13(6): e0198689. 

https://journals.plos.org/plosone/article?id=

10.1371/journal.pone.0198689 

McDonald, J., W. Reynen, F. Petchey, K. 

Ditchfield, C. Byrne, D. Vannieuwenhuyse, 

M. Leopold and P. Veth. 2018. Karnatukul 

(Serpent’s Glen): A new chronology for the 

oldest site in Australia’s Western De-

sert. PLoS ONE 13(9):e0202511. 

 https://doi.org/10.1371/journal.pone.02025

11 

Mejdahl, V. 1979. Thermoluminescence dating: 

Beta‐dose attenuation in quartz grains. 
Archaeometry 21(1):61–72. 

Michels, J.W. 1972. Dating methods. Annual 

Review of Anthropology 1(1):113–126. 

Mook, W.G. and J. Van Der Plicht. 1999. Re-

porting 
14

C activities and concentrations. 

Radiocarbon 41(3):227–239. 

Morley, M.W. 2017. The geoarchaeology of 

hominin dispersals to and from tropical 

Southeast Asia: A review and progno-

sis. Journal of Archaeological Sci-

ence 77:78–93.  

Morwood, M.J., T. Sutikna, E.W. Saptomo, 

K.E. Westaway, R.A. Due, M.W. Moore, 

D.Y. Yuniawati, P. Hadi, J.X. Zhao, 

C.S.M. Turney and K. Fifield. 2008. Cli-

mate, people and faunal succession on Ja-

va, Indonesia: Evidence from Song Gupuh. 

Journal of Archaeological Science, 

35(7):1776–1789. 

Muda, K.T. 2017. Bukti-Bukti Penghunian 

Sejak Fase Praneolitik sampai Resen di Si-

tus Delubang dan Situs Toroan, Madura. 

Unpublished Ph.D. thesis. Yogyakarta: 

Universitas Gadjah Mada. 

Mulvaney, D.J. 1960. Archaeological excava-

tions at Fromm’s Landing on the lower 

Murray River, South Australia. Proceed-

ings of the Royal Society of Victoria 72:53–

85. 

Mulvaney, D.J. and E.B. Joyce. 1965. Archaeo-

logical and geomorphological investiga-

tions on Mt. Moffatt Station, Queensland, 

Australia. Proceedings of the Prehistoric 

Society 31:147–212.  

 DOI: https://doi.org/10.1017/S0079497X00

014754 

Mulvaney, D.J. and R.P. Soejono. 1970. The 

Australian-Indonesian Archaeological Ex-

pedition to Sulawesi. Asian Perspectives 

13:163–177. 

Mulvaney, D.J. and R.P. Soejono, 1971. Ar-

chaeology in Sulawesi, Indonesia. Antiquity 

45(177):26–33. 

Murray, A., J.P. Buylaert and C. Thiel. 2015. A 

luminescence dating intercomparison based 

on a Danish beach-ridge sand. Radiation 

Measurements 81:32–38. 

Nurani, I.A. and D.B. Murti. 2017. Temuan tiga 

rangka Homo sapiens di situs Gua Kidang: 

Identifikasi dan kajian paleoantropologi-

geoarkeologi. Purbawidya 6(2):71–90. 

DOI: doi.org/10.24164/pw.v6i2.205 

O’Connell, J.F. and J. Allen. 2004. Dating the 

colonization of Sahul (Pleistocene Austral-

ia–New Guinea): A review of recent re-

search. Journal of Archaeological Sci-

ence 31(6):835–853. 

O’Connell, J.F., J. Allen, M.A. Williams, A.N. 

Williams, C.S. Turney, N.A. Spooner, J. 

Kamminga, G. Brown and A. Cooper. 

2018. When did Homo sapiens first reach 

Southeast Asia and Sahul? Proceedings of 

the National Academy of Sciences 

115(34):8482–8490. 

https://doi.org/10.1371/journal.pone.0202511
https://doi.org/10.1371/journal.pone.0202511
https://doi.org/10.1017/S0079497X00014754
https://doi.org/10.1017/S0079497X00014754


 

108 

 

O’Connor, S. and J. Chappell. 2003. Colonisa-

tion and coastal subsistence in Australia 

and Papua New Guinea: Different timing, 

different modes. In C. Sand (ed.), Pacific 

Archaeology: Assessments and Prospects, 

pp. 17–32. Proceedings of the International 

Conference for the 50th anniversary of the 

first Lapita excavation (Kon -Noum a 

2002). Noum a: Nouvelle-Cal donie: 

D partement Arch ologie, Service des 

Mus es et du Patrimoine. 

O’Connor, S., K. Aplin, J. Pasveer and G. Hope. 

2005a. Liang Nabulei Lisa: A late Pleisto-

cene and Holocene sequence from the Aru 

islands. In S. O’Connor, M. Spriggs, and P. 

Veth (eds.), The Archaeology of the Aru Is-

lands, Eastern Indonesia, pp.125-161. Ter-

ra Australis 22. Canberra: ANU Press. 

https://press.anu.edu.au/publications/series/

terra-australis/archaeology-aru-islands-

eastern-indonesia 

O’Connor, S., K. Aplin, K. Szabó, J. Pasveer, P. 

Veth and M. Spriggs. 2005b. Liang 

Lemdubu: A Pleistocene cave site in the 

Aru Islands. In S. O’Connor, M. Spriggs, 

and P. Veth (eds.), The Archaeology of the 

Aru Islands, Eastern Indonesia, pp.171–

204. Terra Australis 22. Canberra: ANU 

Press. 

https://press.anu.edu.au/publications/series/

terra-australis/archaeology-aru-islands-

eastern-indonesia 

O’Connor, S., A. Barham, K. Aplin and T. 

Maloney. 2017. Cave stratigraphies and 

cave breccias: Implications for sediment 

accumulation and removal models and in-

terpreting the record of human occupa-

tion. Journal of Archaeological Sci-

ence 77:143–159. 

O’Connor, S., D. Bulbeck, P.J. Piper, F. Aziz, 

B. Marwick, F. Campos, J. Fenner, K. 

Aplin, Fakhri, T. Maloney and B. Hakim. 

2018. The human occupation record of Gua 

Mo’o hono shelter, Towuti-Routa region of 

Southeastern Sulawesi. In S. O’Connor, D. 

Bulbeck and J. Meyer (eds.), The Archae-

ology of Sulawesi: Current Research on the 

Pleistocene to the Historic Period, pp. 

117–151. Terra Australis 48. Canberra: 

ANU Press. DOI:   

 http://doi.org/10.22459/TA48.11.2018 

O’Connor, S., Mahirta, S. Kealy, C. Boulanger, 

T. Maloney, S. Hawkins, M.C. Langley, 

H.A.F. Kaharudin, Y. Suniarti, M. Husni, 

M. Ririmasse, D.A. Tanudirjo, L. 

Wattimena, W. Handoko, Alifah and J. 

Louys. 2019. Kisar and the archaeology of 

small islands in the Wallacean Archipela-

go. The Journal of Island and Coastal Ar-

chaeology 14(2):198–225. 

O’Connor, S., S. Kealy, A. Black, M. 

Ririmasse, Mahirta, S. Hawkins, M. Husni, 

D. Tanudirjo, Alifah, L. Wattimena, W. 

Handoko and M.A. Mujabuddawat. This 

volume. The rock art of Kisar island, Indo-

nesia: A small island with a wealth and di-

versity of artistic expression. Journal of In-

do-Pacific Archaeology. 

Oktaviana, A.A., D. Bulbeck, S. O’Connor, B. 

Hakim, U.P. Wibowo and E. St Pierre. 

2016. Hand stencils with and without nar-

rowed fingers at two new rock art sites in 

Sulawesi, Indonesia. Rock Art Research 

33(1):32–48. 

Ono, R., Sriwiganti and J. Siswanto. 2018. De-

velopment of marine and terrestrial re-

source use in the Talaud Islands AD 1000–

1800, northern Sulawesi region. In S. 

O’Connor, D. Bulbeck and J. Meyer (eds.), 

The Archaeology of Sulawesi: Current Re-

search on the Pleistocene to the Historic 

Period, pp. 243–267. Terra Australis 48. 

Canberra: ANU Press. DOI:   

 http://doi.org/10.22459/TA48.11.2018 

Ono, R., R. Fuentes, A. Pawlik, H.O. Sofian, N. 

Aziz, N. Alamsyah and M. Yoneda. 2020. 

Island migration and foraging behaviour by 

anatomically modern humans during the 

late Pleistocene to Holocene in Wallacea: 

New evidence from Central Sulawesi, In-

donesia. Quaternary International 554:90–

106. 

https://www.sciencedirect.com/science/arti

cle/abs/pii/S1040618220301610 

ORAU. 2020. OxCal: Radiocarbon Calibration. 

[online]. 

http://doi.org/10.22459/TA48.11.2018
http://doi.org/10.22459/TA48.11.2018


 

109 

 

https://c14.arch.ox.ac.uk/calibration.html 

[Accessed 11 May 2020]. 

Pasveer, J.M. 2004. The Djief Hunters: 26,000 

Years of Rainforest Exploitation on the 

Bird's Head of Papua, Indonesia. Modern 

Quaternary Research in Southeast Asia 17. 

Leiden: A.A. Balkema. 

Petchey, F., S. Ulm, B. David, I.J. McNiven, B. 

Asmussen, H. Tomkins, T. Richards, C. 

Rowe, M. Leavesley, H. Mandui and J. 

Stanisic. 2012. 14 C marine reservoir vari-

ability in herbivores and deposit-feeding 

gastropods from an open coastline, Papua 

New Guinea. Radiocarbon 54(3-4):967–

978. 

Pike, A.W.G., R.E.M. Hedges and P. van 

Calsteren. 2002. U-series dating of bone 

using the diffusion-adsorption model. 

Geochimica et Cosmochimica Acta 

66(24):4273-4286. 

https://doi.org/10.1016/S0016-

7037(02)00997-3 

Piper, P., H. Matsumura and D. Bulbeck (eds.). 

2017. New Perspectives in Southeast Asian 

and Pacific Prehistory. Terra Australis 45. 

Canberra: ANU Press.  

 https://press.anu.edu.au/publications/series/

terra-australis/new-perspectives-southeast-

asian-and-pacific-prehistory 

Plutniak, S., A.A. Oktaviana, B. Sugiyanto, J.-

M. Chazine and F.-X. Ricaut. 2014. New 

ceramic data from East Kalimantan: The 

cord-marked and red-slipped sherds of 

Liang Abu’s layer 2 and Kalimantan’s pot-

tery chronology. Journal of Pacific Ar-

chaeology 5(1):90–99. 

Pons-Branchu, E., R. Bourrillon, M.W. Conkey, 

M. Fontugne, C. Fritz, D. Gárate, A. 

Quiles, O. Rivero, G. Sauvet, G. Tosello 

and H. Valladas. 2014. Uranium-series da-

ting of carbonate formations overlying 

Paleolithic art: Interest and limitations. Bul-

letin de la Société Préhistorique Française 

111(2):211–224. 

Pons-Branchu, E., J.L. Sanchidrián, M. 

Fontugne, M.Á. Medina-Alcaide, A. 

Quiles, F. Thil and H.V. Sanchidrián. 2020. 

U-series dating at Nerja cave reveal open 

system. Questioning the Neanderthal origin 

of Spanish rock art. Journal of Archaeolog-

ical Science 117:105120.  

 https://doi.org/10.1016/j.jas.2020.105120 

Prasetyo, B. 2014. Perkembangan budaya akhir 

Pleistosen-Awal Holosen di Nusantara. 

Kalpataru 23(1):1–15. 

Price, G.J., G.E. Webb, J.X. Zhao, Y.X. Feng, 

A.S. Murray, B.N. Cooke, S.A. Hocknull 

and I.H. Sobbe. 2011. Dating megafaunal 

extinction on the Pleistocene Darling 

Downs, eastern Australia: The promise and 

pitfalls of dating as a test of extinction hy-

potheses. Quaternary Science Reviews 

30(7-8):899–914. 

Price, G.J., Y.X. Feng, J.X. Zhao and G.E. 

Webb. 2013. Direct U–Th dating of verte-

brate fossils with minimum sampling de-

struction and application to museum spec-

imens. Quaternary Geochronology 18:1–8. 

Reepmeyer, C., S. O’Connor, S. Kealy and T. 

Maloney. 2019. Kisar, a small island partic-

ipant in an extensive maritime obsidian 

network in the Wallacean Archipela-

go. Archaeological Research in Asia  

19:100139. 

https://doi.org/10.1016/j.ara.2019.100139 

Reimer, P. J., M.G.L. Baillie, E. Bard, A. 

Bayliss, J.W. Beck, C.J.H. Bertrand, P.G. 

Blackwell, C.E. Buck, G.S. Burr, K.B. Cut-

ler, P.E. Damon, R.L. Edwards, R.G. Fair-

banks, M. Friedrich, T.P. Guilderson, A.G. 

Hogg, K.A. Hughen, B. Kromer, G. 

McCormac, S. Manning, C. Bronk Ramsey, 

R.W. Reimer, S. Remmele, J.R. Southon, 

M. Stuiver, S. Talamo, F.W. Taylor, J. van 

der Plicht and C.E. Weyhenmeyer. 2004. 

IntCal04 terrestrial radiocarbon age calibra-

tion, 0–26 cal kyr BP. Radiocarbon 

46(3):1029–1058. 

Reimer, P. J., M.G.L. Baillie, E. Bard, A. 

Bayliss, J.W. Beck, P.G. Blackwell, C. 

Bronk Ramsey, C.E. Buck, G.S. Burr, R.L. 

Edwards, M. Friedrich, P.M. Grootes, T.P. 

Guilderson, I. Hajdas, T.J. Heaton, A.G. 

Hogg, K.A. Hughen, K.F. Kaiser, B. 

Kromer, F.G. McCormac, S.W. Manning, 

R.W. Reimer, D.A. Richards, J.R. Southon, 

https://doi.org/10.1016/S0016-7037(02)00997-3
https://doi.org/10.1016/S0016-7037(02)00997-3
https://doi.org/10.1016/j.jas.2020.105120
https://doi.org/10.1016/j.ara.2019.100139


 

110 

 

S. Talamo, C.S.M. Turney, J. van der Plicht 

and C.E. Weyhenmeyer. 2009. IntCal09 

and Marine09 radiocarbon age calibration 

curves, 0–50,000 years cal BP. Radiocar-

bon 51:1111–1150. 

Reimer, P.J., W.E. Austin, E. Bard, A. Bayliss, 

P.G. Blackwell, C.B. Ramsey, M. Butzin, 

H. Cheng, R.L. Edwards, M. Friedrich, 

P.M. Grootes, T.P. Guilderson, I. Hajdas, 

T.J. Heaton, A.G. Hogg, K.A. Hughen, B. 

Kromer, S.W. Manning, R. Muscheler, J.G. 

Palmer, C. Pearson, J. van der Plicht, R.W. 

Reimer, D.A. Richards, E.M. Scott, J.R. 

Southon, C.S.M. Turney, L. Wacker, F. 

Adolphi, U. Büntgen, M. Capano, S.M. 

Fahrni, A. Fogtmann-Schulz, R. Friedrich, 

P. Köhler, S. Kudsk, F. Miyake, J. Olsen, 

F. Reinig, M. Sakamoto, A. Sookdeo and S. 

Talamo. 2020. The IntCal20 Northern 

Hemisphere radiocarbon age calibration 

curve (0–55 cal kBP). Radiocarbon 

62(4):725–757. 

Rigg, J. (ed.). 1996. The Human Environment. 

Singapore: Archipelago Press. 

Roberts, R.G., R. Jones and M.A. Smith. 1990. 

Thermoluminescence dating of a 50,000-

year-old human occupation site in northern 

Australia. Nature 345(6271):153. 

Roberts, R., M. Bird, J. Olley, R. Galbraith, E. 

Lawson, G. Laslett, H. Yoshida, R. Jones, 

R. Fullagar, G. Jacobsen and Q. Hua. 

1998a. Optical and radiocarbon dating at 

Jinmium rock shelter in northern Australia. 

Nature 393(6683):358. 

Roberts, R., H. Yoshida, R. Galbraith, G. 

Laslett, R. Jones and M. Smith. 1998b. 

Single-aliquot and single-grain optical da-

ting confirm thermoluminescence age esti-

mates at Malakunanja II rock shelter in 

northern Australia. Ancient TL 16(1):19–

24. 

Samper Carro, S.C., S. O’Connor, J. Louys, S. 

Hawkins and Mahirta, 2016. Human mari-

time subsistence strategies in the Lesser 

Sunda Islands during the terminal Pleisto-

cene–early Holocene: New evidence from 

Alor, Indonesia. Quaternary International 

416:64–79. 

Samper Carro, S.C., F. Gilbert, D. Bulbeck, S. 

O’Connor, J. Louys, N. Spooner, D. 

Questiaux, L. Arnold, G.J. Price, R. Wood 

and Mahirta. 2019. Somewhere beyond the 

sea: Human cranial remains from the Less-

er Sunda Islands (Alor Island, Indonesia) 

provide insights on Late Pleistocene peo-

pling of Island Southeast Asia. Journal of 

Human Evolution 134:102638.  

 https://doi.org/10.1016/j.jhevol.2019.07.002 

Schwarcz, H.P. 1980. Absolute age determina-

tion of archaeological sites by uranium se-

ries dating of travertines. Archaeometry 

22(1):3–24. 

Scott, E.M., G.T. Cook, P. Naysmith, C. Bryant 

and D. O’Donnell. 2007. A report on Phase 

1 of the 5th International Radiocarbon 

Intercomparison (VIRI). Radiocarbon 

49(2):409–426. 

Scott, E.M., P. Naysmith and G.T. Cook. 2018. 

Why do we need 14C inter-comparisons?: 

The Glasgow-14C inter-comparison series, 

a reflection over 30 years. Quaternary Ge-

ochronology 43:72–82. 

Sémah, F., A.-M. Sémah, C. Falguères, F. 

Détroit, T. Simanjuntak, A.-M. Moigne, X. 

Gallet and S. Hameau. 2004. The signifi-

cance of the Punung karst area (Eastern Ja-

va) for the chronology of the Javanese Pal-

aeolithic, with special reference to the Song 

Terus cave. In S.G. Keates and J.M. 

Pasveer (eds.), Quaternary Research in In-

donesia, pp. 45–61. Modern Quaternary 

Research in Southeast Asia 18. Leiden: 

A.A. Balkema. 

Shipton, C., S. O’Connor, N. Jankowski, J. 

O’Connor-Veth, T. Maloney, S. Kealy and 

C. Boulanger. 2019. A new 44,000-year 

sequence from Asitau Kuru (Jerimalai), 

Timor-Leste, indicates long-term continuity 

in human behaviour. Archaeological and 

Anthropological Sciences 11(10):5717–

5741. 

Shipton, C., S. O’Connor, C. Reepmeyer, S. 

Kealy and N. Jankowski. 2020a. Shell adz-

es, exotic obsidian, and inter-island voyag-

ing in the early and middle Holocene of 

Wallacea. The Journal of Island and 

https://doi.org/10.1016/j.jhevol.2019.07.002


 

111 

 

Coastal Archaeology: 1–22. 

https://doi.org/10.1080/155648942.2019.15

81306 

Shipton, C., S. O’Connor, S. Kealy, Mahirta, 

I.N. Syarqiyah, N. Alamsyah and M. 

Ririmasse. 2020b. Early ground axe tech-

nology in Wallacea: The first excavations 

on Obi Island. PLoS ONE. 

https://doi.org/10.1371/journal.pone.02367

19 

Simanjuntak, T. 2001. New light on the prehis-

tory of the Southern Mountains of Java. In-

do-Pacific Prehistory Association Bulletin 

21:152–156. 

Simanjuntak, H.T. and I. Asikin. 2004. Early 

Holocene human settlement in eastern Java. 

Bulletin of the Indo-Pacific Prehistory As-

sociation 24:13–19. 

Simonetti, C. 2013. Between the vertical and the 

horizontal: Time and space in archaeology. 

History of the Human Sciences 26(1):90–

110. 

Smith, W.H. and D.T. Sandwell. 1997. Global 

sea floor topography from satellite altime-

try and ship depth soundings. Science 

277:1956-1962. 

Soejono, R.P. 1969. The history of prehistoric 

research in Indonesia to 1950. Asian Per-

spectives 12:69–91. 

Southon, J., M. Kashgarian, M. Fontugne, B. 

Metivier and W.W. Yim. 2002. Marine res-

ervoir corrections for the Indian Ocean and 

Southeast Asia. Radiocarbon 44(1):167–

180. 

Steno, N. 1669. De solido intra solidum 

naturaliter contento dissertationis pro-

dromus. Florence: Ex typographia sub 

signo stellae.  

Storm, P., R. Wood, C. Stringer, A. Bartsiokas, 

J. de Vos, M. Aubert, L. Kinsley and R. 

Grün. 2013. U-series and radiocarbon anal-

yses of human and faunal remains from 

Wajak, Indonesia. Journal of Human Evo-

lution, 64(5):356–365. 

Stuiver, M. and H.A. Polach. 1977. Discussion 

reporting of 14 C data. Radiocarbon 

19(3):355–363. 

Summerhayes, G.R., M. Leavesley, A. Fair-

bairn, H. Mandui, J. Field, A. Ford and R. 

Fullagar. 2010. Human adaptation and 

plant use in highland New Guinea 49,000 

to 44,000 years ago. Science  

330(6000):78–81. 

Suroto, H. 2012. Hunian prasejarah Gua Karas 

Kaimana. Papua 4(2):15–25. 

Sutikna, T., M.W. Tocheri, M.J. Morwood, 

E.W. Saptomo, Jatmiko, R.D. Awe, S. 

Wasisto, K.E. Westaway, M. Aubert, B. Li, 

J.X. Zhao, M. Storey, B.V. Alloway, M.W. 

Morley, H.J.M. Meijer, G.D. van den 

Bergh, R. Grün, A. Dosseto, A. Brumm, 

L.J. Jungers and R.G. Roberts. 2016. Re-

vised stratigraphy and chronology for Ho-

mo floresiensis at Liang Bua in Indone-

sia. Nature 532(7599):366–369. 

Sutikna, T., M.W. Tocheri, J.T. Faith, R.D. 

Awe, H.J. Meijer, E.W. Saptomo and R.G. 

Roberts. 2018. The spatio-temporal distri-

bution of archaeological and faunal finds at 

Liang Bua (Flores, Indonesia) in light of 

the revised chronology for Homo 

floresiensis. Journal of Human Evolution 

124:52-74. 

Tanudirjo, D. 2001. Islands in between: Prehis-

tory of the northeastern Indonesian Archi-

pelago. Ph.D. thesis. Canberra: Australian 

National University. https://openresearch-

repository.anu.edu.au/handle/1885/10067 

Tobias, P.V. and G.H.R. von Koenigswald. 

1964. A comparison between the Olduvai 

hominines and those of Java and some im-

plications for hominid phylogeny. Nature 

204(4958):515–518. 

Tobler, R., A. Rohrlach, J. Soubrier, P. Bover, 

B. Llamas, J. Tuke, N. Bean, A. Abdullah-

Highfold, S. Agius, A. O’Donoghue, I. 

O’Loughlin, P. Sutton, F. Zilio, K. Walshe, 

A.N. Williams, C.S.M. Turney, M. Wil-

liams, S.M. Richards, R.J. Mitchell, E. 

Kowal, J.R. Stephen, L. Williams, W. Haak 

and A. Cooper. 2017. Aboriginal 

mitogenomes reveal 50,000 years of re-

gionalism in Australia. Nature  

544(7649):180–184. 

https://www.tandfonline.com/doi/full/10.1080/15564894.2019.1581306
https://www.tandfonline.com/doi/full/10.1080/15564894.2019.1581306
https://doi.org/10.1371/journal.pone.0236719
https://doi.org/10.1371/journal.pone.0236719


 

112 

 

Turney, C.S., M.I. Bird, L.K. Fifield, R.G. Rob-

erts, M. Smith, C.E. Dortch, R. Grün, E. 

Lawson, L.K. Ayliffe, G.H. Miller and J. 

Dortch. 2001. Early human occupation at 

Devil’s Lair, southwestern Australia 50,000 

years ago. Quaternary Research 55(1):3–

13. 

Veth, P., I. Ward, T. Manne, S. Ulm, K. 

Ditchfield, J. Dortch, F. Hook, F. Petchey, 

A. Hogg, D. Questiaux, M. Demuro, L. Ar-

nold, N. Spooner, V. Levchenko, J. 

Skippington, C. Byrne, M. Basgall, D. 

Zeanah, D. Belton, P. Helmholz, S. Bajkan, 

R. Bailey, C. Placzek and P. Kendrick. 

2017. Early human occupation of a mari-

time desert, Barrow Island, North-West 

Australia. Quaternary Science Reviews  

168:19–29. 

von Koenigswald G.H.R. and F. Weidenreich. 

1938. Discovery of an additional Pithecan-

thropus skull. Nature 142:715. 

von Koenigswald G.H.R. and F. Weidenreich. 

1939. The relationship between Pithecan-

thropus and Sinanthropus. Nature 144:926–

929. 

Walker, M. 2005. Quaternary Dating Methods. 

Chichester: John Wiley and Sons. 

Westaway, K.E., M.J. Morwood, R.G. Roberts, 

A.D. Rokus, J.X. Zhao, P. Storm, F. Aziz, 

G. van den Bergh, P. Hadi and J. de Vos. 

2007. Age and biostratigraphic significance 

of the Punung Rainforest Fauna, East Java, 

Indonesia, and implications for Pongo and 

Homo. Journal of Human Evolution 

53(6):709–717. 

Westaway, K.E., J. Louys, R.D. Awe, M.J. 

Morwood, G.J. Price, J.X. Zhao, M. 

Aubert, R. Joannes-Boyau, T.M. Smith, 

M.M. Skinner, T. Compton, R.M. Bailey, 

G.D. van den Bergh, J. de Vos, A.W.G. 

Pike, C. Stringer, E.W. Saptomo, Y. Rizal, 

J. Zaim, W.D. Santoso, A. Trihascaryo, L. 

Kinsley and B. Sulistyanto. 2017. An early 

modern human presence in Sumatra 

73,000–63,000 years ago. Nature 

548(7667):322–325. 

 

Widianto, H. 1997. Ekskavasi Situs Gua Babi, 

Kabupaten Tabalong, Provinsi Kalimantan 

Selatan. Banjarmasin: Balai Arkeologi 

Banjarmasin, Berita Penelitian Arkeologi, 

No. 1. 

Wintle, A.G. and D.J. Huntley. 1982. 

Thermoluminescence dating of sediments. 

Quaternary Science Reviews 1(1):31–53. 

Wiradnyana, K. 2016. Hoabinhian and Austro-

nesia: The root of diversity in the western 

part of Indonesia. European Scientific 

Journal 12(32):131–145. 

Wood, R. 2015. From revolution to convention: 

The past, present and future of radiocarbon 

dating. Journal of Archaeological Science 

56:61–72. 

Wood, R., Z. Jacobs, D. Vannieuwenhuyse, J. 

Balme, S. O’Connor and R. Whitau. 2016. 

Towards an accurate and precise chronolo-

gy for the colonization of Australia: The 

example of Riwi, Kimberley, Western Aus-

tralia. PLoS ONE 11(9):e0160123.  

 https://doi.org/10.1371/journal.pone.01601

23 

Yondri, L. 2010. Batu kendan dan manusia 

prasejarah di tepian Danau Bandung purba. 

Naditira Widya 4(1):1–10. 

Zanolli, C., O. Kullmer, J. Kelley, A.M. Bacon, 

F. Demeter, J. Dumoncel, L. Fiorenza, F.E. 

Grine, J.J. Hublin, A.T. Nguyen, T.M.H. 

Nguyen, L. Pan, B. Schillinger, F. Schrenk, 

M.M. Skinner, X. Ji and R. Macchiarelli. 

2019. Evidence for increased hominid di-

versity in the Early to Middle Pleistocene 

of Indonesia. Nature Ecology & Evolu-

tion 3(5):755–764. 

Zimmerman, D.W. 1971. Thermoluminescent 

dating using fine grains from pottery. 

Archaeometry 13(1):29–52. 

 

https://doi.org/10.1371/journal.pone.0160123
https://doi.org/10.1371/journal.pone.0160123

	Article_4 (1).pdf

