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ABSTRACT 
The Riau–Lingga Archipelago, situated south of Singapore and east 
of Sumatra, holds promise from a modeling perspective for the pres
ervation of Homo erectus and other early archaeological material, as 
hominins traveled south to Island Southeast Asia. The islands in the 
archipelago are some of the only emergent lands of the now sub
merged Sunda Shelf, a region ecologically and geographically condu
cive for early hominin and faunal movements and occupation. On 
the ground surveys, however, revealed very little potential for the 
preservation of archaeology or body fossils. This very limited preser
vation potential can be attributed to geological and anthropogenic 
controls. The dominant lithology of the archipelago is granite, which 
provides neither a reliable source for production of lithics nor weath
ers in a fashion likely to allow for long-term preservation. Chemical 
weathering of granites produces acidic soils, and clays and sedi
ments produced are prone to sheet erosion which prevents the for
mation of soil horizons. A geologically long period of peneplanation, 
especially in the islands in the northern part of the archipelago, exa
cerbated these processes, as did large-scale deforestation in the 
eighteenth and nineteenth centuries for gambier cultivation. 
Nevertheless, this first large-scale field survey of the archipelago 
identified novel archaeology and fossil remains. The former includes 
a lithic scatter on Singkep, possibly associated with pottery sherds, 
as well as potential standing stones on Singkep and Kundur. 
Karimunbesar preserved recent rock art in addition to a well-known 
Sanskrit inscription, and a stone adze owned by a local villager in 
Lingga is of unknown and unlikely local provenance. A single fossil 
enamel fragment, provisionally identified as bovid, was recovered   
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from Lingga though its age could not be determined. Our study 
highlights the difficulties in locating archaeological and paleonto
logical material on stable, tectonically inactive continental islands, 
with implications for efforts to understand the Pleistocene dispersal 
of H. erectus.

Introduction

The Straits of Singapore define the modern southern extent of contiguous Mainland 
Southeast Asia, south of which lies the Riau Archipelago and the northern limit of 
Island Southeast Asia. It is therefore a highly significant region for understanding past 
faunal and human exchanges between these two regions. While the Straits currently pre
vents overland movement from Mainland to Island Southeast Asia, this is a relatively 
geologically recent phenomenon. No barriers to dispersal existed in the Straits of 
Singapore until Marine Isotope Stage (MIS) 5 (ca. 80–130 ka) based on bathymetric data 
(Bird, Pang, and Lambeck 2006), and reconstructions of past sea levels indicate broad 
terrestrial connections across Sumatra, Singapore, and Peninsula Malaysia for most of 
the Quaternary (Louys and Kealy 2024; Salles et al. 2021), although major rivers were 
present (Voris 2000).

Despite the central paleogeographical position of this region, little is known of its 
Quaternary vertebrate fossil or archaeological record. Two areas in Singapore, Pulau 
Ubin and Tanjong Karang (now Tuas), have produced surface finds of ground stone 
axes considered typical of the Southeast Asian Neolithic (Miksic 2021; Tweedie 1953); 
however, these have never been formally described or dated. An undated excavation a 
short distance away at the mainland Malaysian site of Tanjong Bunga, briefly reported 
by Tweedie (1953), yielded more reliably Neolithic stone tools, including ground axes 
and quadrangular adzes. On the southern side of the Strait, three substantial shell mid
dens associated with the Hoabinhian have been recognized on the island of Bintan 
(Simatupang et al. 2017). The Kawal Darat shell middens are approximately 5 km from 
the modern coastline in the Gunung Kijang District in eastern Bintan Island. Although 
Kawal Darat Shell Middens II and III have been lost to agriculture, Midden I remains 
largely intact. It is very large, measuring ca. 4 m thick and 18 m across, and partial exca
vation showed the midden may span approximately 400 years to 12,000 years ago as 
indicated by radiocarbon dating (Simatupang et al. 2017), although geochronological 
uncertainties exist due to limited details on sample origins within the midden as well as 
unaccounted marine reservoir effects. While mollusks are yet to be taxonomically iden
tified beyond family level, the presence of unifacial discoids identified as sumatraliths in 
conjunction with other stone artifacts suggests the site is part of the late Pleistocene to 
Holocene Hoabinhian technocomplex (Simatupang et al. 2017).

Earlier Pleistocene records of either humans or other fauna are non-existent. Despite 
that, the importance of the region for this earlier period was highlighted by Louys 
and Kealy (2024), who examined least cost pathway dispersal models for Homo erectus 
and other large faunas between northern Southeast Asia and Java. While central 
Sundaland was the likely preferred pathway during periods of lowest sea levels and 
maximum land connectivity (and see Berghuis et al. (2025) for physical evidence of 
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H. erectus from drowned deposits in Sundaland near Java), in other paleogeographic 
contexts, the least cost pathways crossed at or near the Straits as well as several islands 
in the Riau and Lingga archipelagos (Figure 1). The latter were identified as likely areas 
for further physical exploration (Louys and Kealy 2024, Figure 9.8). The reconstructions 
of settlements or activity areas and, by inference, populations and migration patterns 
from the archaeological record require a full understanding of the geological forces and 
history that have shaped that record (Waters and Kuehn 1996). Here, we detail the 
results of our survey efforts in this region and use our geological observations to inform 
on the likely controls for preservation of fossils and archaeology in these small, tectonic
ally stable continental islands.

Figure 1. Map of Batam and Bintan in the Riau–Lingga Archipelago. (A) Regional location of study 
area, with green showing the extent of the exposed Sunda plain during the Last Glacial Maximum. 
(B) Locations of islands surveyed showing least cost pathway models of Homo erectus moving south 
from Mainland Southeast Asia to Java (from Louys and Kealy 2024). (C) Geological maps of Batam 
and Bintan showing survey locations (adapted from Kusnama et al. 1994). Specific locations men
tioned in the text: 1, Bukit Kerang Kawal Darat. Base map: Natural Earth, Indonesian islands: Hijmans 
and University of California, Berkeley, Museum of Vertebrate Zoology (2015); contours: SRTM 1 Arc- 
Second Global, USGS; waterways: Open Street Map; Sea level curves Lambeck et al. (2014); Digital ele
vation model: GEBCO Bathymetric Compilation Group (GEBCO), 2024).
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Geography

The Riau Island Group (Kepulauan Riau) is an administrative province of Indonesia sit
uated south of Singapore, east of Riau and Jambi in Sumatra, and including islands 
between Kalimantan (Borneo) and the Malay Peninsula (Figures 1–3). It comprises 
more than 2000 islands, 300 of which are found in the Riau Archipelago (also known as 
Kepulauan Riau)—the core group of islands found south of Singapore and east of Riau, 

Figure 2. Map of Karimunbesar and Kundur in the Riau–Lingga Archipelago. (A) Regional location of 
study area, with green showing the extent of the exposed Sunda plain during the Last Glacial 
Maximum. (B) Locations of islands surveyed showing least cost pathway models of Homo erectus mov
ing south from Mainland Southeast Asia to Java (from Louys and Kealy 2024). (C) Geological maps of 
Karimunbesar and Kundur showing survey locations (adapted from Cameron, Ghazali, and Thompson 
1982a, 1982b). Specific locations mentioned in the text: 1, Pasir Panjang and recent rock art; 2–6, 
Kundur pH sampling locations; 7, Kundur standing stone. Base map: Natural Earth, Indonesian islands: 
Hijmans and University of California, Berkeley, Museum of Vertebrate Zoology (2015); contours: SRTM 
1 Arc-Second Global, USGS; waterways: Open Street Map; Sea level curves Lambeck et al. (2014); 
Digital elevation model: GEBCO Bathymetric Compilation Group (2024).
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Sumatra. Here, we focus on the Riau Archipelago and Lingga islands (hereafter Riau– 
Lingga Archipelago), with particular emphasis on the islands of Batam, Bintan, Kundur, 
Karimunbesar, Singkep, and Lingga.

The Riau–Lingga Archipelago straddles the equator, crossing at the northern part of 
Lingga Island. The region has a diverse population of more than 2 million people, with 
Malay, Javanese, Batak, Minangkabau, and Chinese ethnic groups making up most of 
the population, with the highest density of occupation occurring on the island of 
Batam, followed by Bintan where the capital of the province is situated. The islands are 

Figure 3. Map of Lingga and Singkep in the Riau–Lingga Archipelago. (A) Regional location of study 
area, with green showing the extent of the exposed Sunda plain during the Last Glacial Maximum. 
(B) Locations of islands surveyed showing least cost pathway models of Homo erectus moving south 
from Mainland Southeast Asia to Java (from Louys and Kealy 2024). C. Geological maps of Lingga and 
Singkep showing survey locations (adapted from Sutisna, Burhan, and Hermanto 1995). Specific loca
tions mentioned in the text: 1, Dabo lithic and pottery scatter; 2, Singkep standing stone; 3, Goa 
Kelelawar; 4, Goa Pegang; 5, Goa Kukar; 6, Goa Tanjung Kubang. Base map: Natural Earth, Indonesian 
islands: Hijmans and University of California, Berkeley, Museum of Vertebrate Zoology (2015); contours: 
SRTM 1 Arc-Second Global, USGS; waterways: Open Street Map; Sea level curves Lambeck et al. 
(2014); Digital elevation model: GEBCO Bathymetric Compilation Group (2024).
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generally low-lying, with hills commonly separated by broad marshy areas. The highest 
point is Mount Daik on Lingga (1165 m); in the Riau islands the hills are generally 
much lower: typically 50–80 m in elevation and not higher than 450 m (Johnson and 
Marjono 1963; Figures 1 and 2). The province has a wet tropical climate and is affected 
by strong winds during both the northern and southern monsoons. Average rainfall 
varies but in normal years no month has less than 100 mm; annual rainfall can vary 
from approximately ca. 2600 to 3500 mm.

The original vegetation of the islands was tropical rainforest, but large areas have 
been removed to make way for plantations, agriculture, mining, and urban development 
(Colombijn 1997). While some areas of cut-over land on the small islands have reverted 
to secondary forests, on the main islands such as Bintan, rainfall, land use (predomin
ately settlement, followed by farming), and soil type contribute greatly to erosional rates 
that average 4.7 t/ha/yr (in 2014–2018; Mulyono et al. 2021), well above the maximum 
amount that would allow for new soil formation (0.5 t/ha/yr; Lehmann 1993). Natural 
resources are few, but bauxite is currently mined.

Regional geological history
The oldest rocks in the archipelago predate the massive Triassic granitic intrusions that 
dominate the geology of the region and include possible Permo-Carboniferous outcrops 
on the islands of Bulan, Batam, and southwest Lingga, in the form of shales with meta
morphic rhyolites, dactites, and tuffs (Van Bemmelen 1949). A Permo-Carboniferous 
age for these units was suggested by correlation with similar Permo-Triassic rocks in 
Malaysia and those of the Upper Jambi Nappe of Sumatra (Zwierzycki 1930). However, 
Zeylmans van Emmichoven (1938) suggested that the volcanics were more typical of the 
Triassic of west Kalimantan, suggesting a later Triassic age for the outcrops. Other 
Permo-Carboniferous rocks could include phylittic and sandy formations with volcanic 
intercalations comparable to the Pahang Volcanic Series (Van Bemmelen 1949), found 
on Batam, Bintan, and other nearby islands, although some of these outcrops may also 
be Triassic in age (Both�e 1925). Further indications of pre-Carboniferous rocks are rep
resented by crystalline schists in Songkop (Van Bemmelen 1949). Carboniferous rocks 
could include contact-metamorphic limestones on Karimunbesar (Both�e 1925).

The Permo-Carboniferous outcrops in the Riau Archipelago are likely associated with 
a major orogenesis during the latest Permian–Middle Triassic interval, interpreted by 
Metcalfe (2013) to represent collisions between the Sukhothai Arc and Indochina, and 
between Sibumasu and the Sukhothai Arc. Clastic sediments including sandstones, con
glomerates, shales, and greywackes found on Sugi, Combol, and Citlim were thought 
younger than this orogeny, as they were not associated with regional metamorphic suites 
and assigned to the Triassic by Van Wessem (1941). They were tentatively associated 
with the Jurassic by Van Bemmelen (1949), on the presumption that they post-dated this 
orogeny and were related to greywackes of the Tigapuluh Mountains of Sumatra. Much 
of the sedimentary units exposed in Kundur, Karimunbesar, Bintan, and Batam are 
dominated by sandstone but include siltstones, shales, and conglomerates. They are vari
ously interpreted as pre- or post-granitic, and thus Triassic or post-Triassic in age, in 
relation to the major granitic intrusions formed around 230 Ma (Metcalfe 2017). Rocks 
intruded by granites or showing regional metamorphism are considered pre-Triassic, 
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while unmetamorphosed sedimentary rocks adjacent to or overlying granites are consid
ered younger (Johnson and Marjono 1963). Unconformable relations between Triassic 
and post-Triassic rocks have been reported but are considered by some as unreliable 
(Van Bemmelen 1949). The Triassic sediments are thought to have been largely depos
ited in shallow marine conditions (Van Bemmelen 1949), while post-intrusive units are 
lenticular and cross-bedded, arkosic with rare fragments of carbonized wood and plant 
material indicative of deltaic conditions (Johnson and Marjono 1963).

Most of the granites in the northern islands of the Riau–Lingga Archipelago are of 
the non-stanniferous I-types and form part of the Indonesian Tin Belt, but stanniferous 
S-types are also present on the island of Kundur and at the southwest tip of Singkep 
(Cobbing 2005). The I-type granites are subduction-related Middle Permian to early 
Late Triassic in age and intrude the Sukhothai Arc and Indochina margin (Metcalfe 
2017). S-Type granites, of mainly Late Triassic age, were formed during the Indosinian 
Orogeny, where a collision between Sibumasu and the Sukhothai Arc and Indochina 
caused the Sibumasu continental crust to become thickened and melt, producing volu
minous magmatic intrusions (Metcalfe 2017). Subsequent weathering of syenitic granites 
produced extensive bauxite concretions in much of the Archipelago.

A long period of peneplanation followed the Indosinian Orogeny, with the later part 
of the Mesozoic probably accounting for much of the sandstone and other terrestrial 
sedimentary outcrops in the Riau islands, while the Paleogene likely saw large-scale 
movement of sediments from Sundaland to the downwarps of Kalimantan, Java, and 
Sumatra (Van Bemmelen 1949). Prior to the subsidence of Sundaland around 400 ka 
(Sarr et al. 2019), the “Old Alluvium of Singapore,” a widespread marker of lower sea 
levels, indicates that considerable relief, seasonal rainfall, and extremely active erosional 
processes acted on the granites (Gupta et al. 1987; Kamaludin et al. 1993). Paleomagnetic 
dating suggests that the Old Alluvium was deposited predominantly during the 
Matuyama reversed Chron (0.78–2.58 Ma; Batchelor 1988, 2015). The Old Alluvium con
sists of deeply weathered, highly consolidated, but not lithified fluviatile sediments and 
represents the oldest Quaternary sediments in peninsular Malaysia, Singapore, and the 
Riau islands; they are widely distributed both onshore and offshore (Gupta et al. 1987). 
They may correspond to parts of the Goungon Formation found predominately on 
Batam and Bintan. Following the subsidence of Sundaland, the region would have experi
enced island conditions, with intermittent periods of connectivity between the Riau– 
Lingga Archipelago, Singapore, Peninsular Malaysia, and Sumatra during glacial periods. 
Evidence of inundation of the Sunda plain following the Last Glacial Maximum (LGM) 
has been recovered from the Putri islands north of Batam, in the form of near-shore 
GPR evidence of transgression and a corresponding change in depositional facies from 
fluvial to coastal plains (Hernawan, Geurhaneu, and Zulfikar 2019).

Geology of Palau Batam and Palau Bintan

The geology of Batam and Bintan is summarized by Both�e (1925), Kusnama et al. 
(1994), Van der Bold and Van der Sluys (1942; Batam), Van Bemmelen (1940, 1941; 
Bintan), and Hermes and de Vletter (1942; Bintan). The geological map of the island of 
Batam shows four major geological units: the late Triassic Duriangkang Formation, 
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consisting of shale and alternated with poorly sorted and strongly cemented sandstone; 
late Triassic granites; the Plio-Pleistocene Goungon Formation, consisting of white tuff
aceous sandstone with some reddish white tuff and grey siltstone; and Quaternary allu
vium on the north and northwest coast (Kusnama et al. 1994; Figure 1). The geology of 
Bintan is similar to Batam, except that the Duriangkang Formation is absent from the 
former, and with small outcrops of andesite present (Kusnama et al. 1994). Both islands 
are dominated by the Goungon Formation, which may in parts correspond to 
Roggeveen’s “Central Batam Formation” as shown in the map according to Van der 
Bold and Van der Sluys (1942). This suggests that some of the sedimentary beds 
observed on the island and marked Plio-Pleistocene on the geological maps are in fact 
Triassic (Bintan Formation, sensu Jongmans 1951)—these may perhaps be identified by 
the dips in their formation (Van Bemmelen 1949) as well as plant fossils found in car
bonaceous beds of the alternating shale and sandstone layers (Jongmans 1951; Wade- 
Murphy and van Konijnenburg-van Cittert 2008). No further published details on 
Quaternary outcrops were found.

Geology of Palau Kundur and Palau Karimunbesar

The geology of Kundur and Karimunbesar is summarized by Cameron, Ghazali, and 
Thompson (1982a, 1982b), Germeraad (1941; Kundur), and Raadshooven and Swart 
(1941; Karimunbesar). Kundur is dominated by granite outcrops; along with both older 
and younger surficial sediments (clays, silts, gravels, granite sands; Cameron, Ghazali, 
and Thompson (1982a)). The Papan Formation (shales and other granite contacts) have 
been mapped in the northern tip of the island (Cameron, Ghazali, and Thompson 
1982a) and extend along most of Bela Island. The geology of Karimunbesar is very simi
lar to that of Kundur; the only noteworthy differences are older (possibly Permian) 
schists (Tapanuli Group; Cameron, Ghazali, and Thompson 1982b) found on the 
Malolo Peninsula in the southeast of the island (Raadshooven and Swart 1941). No fur
ther published details on Quaternary outcrops were found.

Geology of Palau Lingga and Palau Singkep

The geology of these two islands is provided by Sutisna, Burhan, and Hermanto (1995). 
The oldest rocks are low grade metamorphic rocks (phyllite and schist) with alternating 
quartzite and slate of the Permo-Carboniferous Persing Metamorphic Complex possibly 
related to the schists found on Karimunbesar. This unit dominates Singkep and is 
intruded on that island by Triassic granites. In Lingga, a low-grade metamorphic unit, 
the Tanjungdatuk Formation, is found on the southwest of the island with no evidence 
of intrusion by the Triassic granites—a Jurassic age for these is suggested, with a series 
of thick (2000–2500 m) sandstone and shale units overlying this formation unconform
ably. These are presumed Cretaceous based on stratigraphic grounds, with Quaternary 
swamp and alluvium situated unconformably on top. Some unconformably deposited 
Quaternary and swamp units are also noted for Singkep, but no independent age con
trols for these sediments are available and no further published details on Quaternary 
outcrops were found.
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Field survey

We selected potential geological outcrops from satellite imagery showing obvious expo
sures. Travel to outcrops was by vehicle and on foot. Outcrop coordinates were 
recorded by GPS and any relevant geological, paleontological, or archaeological features 
noted. Samples were taken opportunistically where relevant.

Palau Batam and Palau Bintan

Most sedimentary outcrops on Batam were characterized by red, yellow, and white clays 
(Figure 4D), with some coarser-grained sediments included, usually in thin bands, but 
thicker conglomerate beds were observed in the center of the island. The source of sedi
ments is likely from in situ and minimally traveled, heavily weathered, and chemically 
altered granitic outcrops reminiscent of the west coast of Bangka and probably relates 
to the Plio-Pleistocene Goungon Formation. More lithified outcrops observed share the 
same characteristics as the unconsolidated sediments described above, except beds show 
steep inclination, anticlines, etc. of the bedding planes, indicating they likely predate the 
Triassic granites (Figure 4C). Toward the east of Batam, clays were more massive and 
heavily lateralized. More recent primary sedimentological contexts observed were 
swamp/estuarine depositional environments and probably date to the Holocene. In all 
cases, the sedimentary beds observed were not favorable to Quaternary fossil preserva
tion nor to the generation and preservation of lithics, and none were recorded.

The outcrops on Bintan were likewise characterized by heavily altered granites and 
minimally transported clays, conditions again not conducive to fossil or archaeological 
preservation, although extensive rhizoliths and some copal were present on the surface 
of some outcrops indicating more recent deltaic conditions like those observed in Jambi 
province in mainland Sumatra (Louys et al. 2021). Rare channel deposits with finely 
laminated crossbedding sitting unconformably on conglomerate, in turn unconformably 
atop a weathered granite, were also recorded, but without any evidence of fossil or arch
aeological inclusions. In the east of Bintan the topography is very flat (Figure 4I), and 
although we observed some transgressed shorelines, these are likely mid- to late- 
Holocene based on their proximity and orientation relative to modern shorelines and 
outcropping unweathered and unconsolidated sands. Previous studies at Tanjungpinang 
on the island’s soil characteristics (Danardono, Taryono, and Ridwan 2024) indicated 
very acidic soils (pH less than 4.5) with high permeability, and high surface rock values 
indicating common and widespread sheet erosion. None of these characteristics are con
ducive for the preservation of faunal remains or archaeological deposits. The only sig
nificant archaeology observed on the island is the previously discussed and excavated 
midden in the central east of the island—Bukit Kerang Kawal Darat (Simatupang et al. 
2017).

Palau Karimunbesar and Palau Kundur

The vegetation on Karimunbesar is more open and drier than the more eastern islands 
of the archipelago. Outcrops are similar to Batam and Bintan, but with more poorly 
sorted sediments, including coarser sand and gravels, with the addition of prominent 
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granite outcrops. Some of the granite is undergoing heavy chemical weathering, produc
ing the lateralized clays and quartz outcrops observed elsewhere on the island (Figure 
4A). Granodiorite xenoliths formed within the granite (Figure 4B) are harder and wea
ther out more completely, producing the only large cobbles observed. Chemical weath
ering of granites can produce soils with a complex mix of kaolinite, gibbsite, illite, 

Figure 4. Outcrops and landforms. (A) Weathering of a granite outcrop in Karimunbesar. 
(B) Granodiorite xenolith weathering out of granite, Karimunbesar. (C) Highly tilted sedimentary beds 
likely predating the Triassic granites, Batam. (D) Cutting showing the lateralized soils of the peneplain, 
Karimunbesar. (E) Heavily weathered and actively eroding sands unconformably overlying clays, 
Bintan. (F) Gloves demonstrating the rapid erosional rates in the region, Bintan. (G, H, and I) Aerial 
views of the peneplains of Bintan. (J) Interior of Goa Kelelawar. (K) Interior of Goa Pegang. (L) 
Entrance of Goa Kukar.
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quartz, vermiculite, feldspar, and amorphous material (Middelburg, van der Weijden, 
and Woittiez 1988).

More recent fluvial outcrops observed produced extensive unconsolidated sand depos
its; these are likely young as evidenced by observations of vertical and unfossilized 
wooden stumps. The only archaeology observed on Karimunbesar is the well-known 
Pasir Panjang inscription, a Sanskrit lithograph first reported in the scientific literature 
in 1873 (Caldwell and Hazlewood 1994), as well as painted rock art nearby (Figure 5). 
The latter depicts a stylized skull and crossbones in white paint on top of a granite 
boulder. The skullcap appears to have been removed from the figure, and the clenched 
teeth hold what appears to be a pipe out of the left half of the mouth. This motif, the 
medium, and its placement on the top of what appears to be a recently displaced gran
ite boulder indicates that this rock art is probably quite young. It differs notably from 
other anthropomorphic figures depicted in white paint from western Sumatra, for 
example the stick figures from Lida Ajer, tentatively attributed to relatively recent 
Islamic tariqh rituals (Arifin and Permana 2022), and a salamander-like anthropo
morphic depiction in Ngalau Sirantai of unknown age but likely also relatively recent 
(Figure 2).

Kundur is comparatively flat (Germeraad 1941) although with similar geology to 
Karimunbesar. Five sediment samples from eroded granites and colluvium provided an 
average pH of 4.7 (Figure 1), much like the soil chemistry from Bintan. We observed a 
heavily metamorphosed outcrop at the northwestern tip of the island, consisting of slate, 
shale, and weathered clays, likely related to the Tapanuli Group. A very poorly sorted, 
highly angular colluvium sits unconformably on top of this group; similar colluvium 
was observed on top of some weathered granite outcrops. Our surveys revealed what 
appears to be a megalith or standing stone in the south of the island (Figure 6), identi
fied as such due to its isolated and vertical appearance notably different from the 

Figure 5. White rock art examples found in Riau–Lingga Archipelago and Sumatra. (A) Karimunbesar 
skull and bones motif. (B) Anthropomorphs in Lida Ajer, Padang Highlands. (C) Theriomorph in 
Ngalau Sirantai, Padang Highlands. Scale bar ¼ 5 cm.
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surrounding geography. Although megaliths have been widely reported from the central 
Sumatra highlands (Bonatz 2024), if verified, this standing stone would represent the 
first such record for the Riau–Lingga Archipelago. Potential engravings, in the form of 
triangles and vertical and horizontal lines were observed but difficult to confidently dif
ferentiate from natural erosional patterns. Excavations and further surveys for megaliths 
in the region are needed to establish if this is a genuine standing stone and if so, if 
these hold the same ritual/community significance as those from the highlands.

Palau Singkep and Palau Lingga

Unlike the northern islands surveyed above, Singkep and Lingga are more mountainous 
and densely vegetated, particularly Lingga. On Singkep, we observed outcrops with 
weathered metamorphic clays and abundant rhizoliths. Some fluvial sands were noted 
in outcrops close to the ocean, with rare bedding preserved. These sands do not pre
serve anything fossiliferous or archaeological.

Lithic scatter
Just outside the town of Dabo we observed a weathered clay outcrop with abundant 
copal eroding out of the sediments. At this outcrop, a surface scatter of 100 artifacts 
from what appears to be a single reduction event were recovered. The material was 
white with a light green tint when originally recovered (Figure 7), however it became a 
dark, smoky black when gamma irradiated (50.0 kGy minimum) for Australian quaran
tine purposes. This suggests the raw material is a quartz with aluminum impurities, as 

Figure 6. Possible standing stones in Riau–Lingga Archipelago, with authors for scale. (A) Kundur 
standing stone. (B) Singkep standing stone.
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irradiation can displace unpaired electrons associated with aluminum inclusions in the 
crystal lattice, thus changing the amount of absorption of the visible light spectrum and 
producing a smoky or “morion” quartz (e.g., Lameiras 2012; O’Brien 1955). The source 
of this quartz is likely the locally occurring quartz veins found in the Persing Complex 
but might also be quartzite from the more distant Bukit Duabelas units.

Unlike most raw materials favored for flintknapping, quartz has a crystalline structure 
that affects the fracture path making it difficult to identify deliberate breakage, with 
experiments showing up to 90–92% pieces in a flaked assemblage may lack features 
diagnostic of deliberate stone flaking (Moore 1997; Spry et al. 2022). Despite this, 64% 
of the Riau surface scatter (n¼ 64) could be classified as flakes, as well as one core, 
while the remaining 35% (n¼ 35) were unidentified pieces but assumed to be the results 
of deliberate stone-flaking given the context (Supplementary Table S1). The identifiable 
flakes have a recognizable platform and initiation features, including conchoidal as well 
as bending and wedging initiations (see Cotterell and Kamminga 1987), dorsal scars, 
acute exterior platform angle, and the flakes tended to target areas of high mass (after 
Moore 2010) (Figure 8A–D). Further, the artifacts lacked the extensive shearing one 
would expect to see if they had been formed by incidental crushing from heavy machin
ery or trampling (e.g., van der Walt and Bradfield 2018).

Two conjoin sets were identified, providing strong evidence that these are deliberately 
flaked hand-made stone artifacts (Figure 8E and F). Both conjoin sets, one of two flakes 
and one of three, show controlled blows placed sequentially behind and offset from the 
prior flake to target zones of high mass. Note that we use “conjoin” to refer to two 
pieces that were separated by flaking, while “refit” describes two pieces of a single 

Figure 7. Dabo lithic scatter. (A) As observed in situ in the field. (B) Aggregated in the lab prior to 
irradiation.
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broken artifact that can be fitted back together. Two broken flakes could be refitted, 
including a flake within the smaller conjoin set that was broken by a siret fracture, a 
longitudinal break that forms during initiation often when the stone is struck with too 
much force (Inizan et al. 1999; Tsirk 2010). Eleven of the artifacts in this assemblage 
had siret fractures. Despite an extensive effort, these were the only conjoins and refits 
identified, suggesting that some artifacts are missing from the assemblage.

The artifact technology is straightforward, with flakes struck from single-facet and 
cortical platforms of an average depth of 3.38 ± 2.46 mm (mean ± SD), with no clear 
signs of platform preparation or bipolar reduction. It appears that at least one piece of 
water-rolled cobble with some natural flaw-line facets was reduced on-site. The 
unbroken flakes have an average size of 20.59 ± 7.62 mm long, 18.93 ± 7.48 mm wide, 
6.75 ± 2.78 mm thick, and of the entire assemblage each piece had an average weight of 
3.40 ± 5.80 grams. The core was bifacially flaked along a single platform edge; however, 
a single redirecting flake with prior scars at the distal end demonstrates that at some 
point during reduction a multiplatform core was flipped. It is impossible to estimate the 
age of this assemblage from the technology, though the flintknapper clearly had enough 
skill and experience to successfully reduce a difficult raw material to produce many 
sharp-edged artifacts.

Other archaeological finds
Near the artifact scatter and on top of the same geomorphic landscape, we also recov
ered six pottery sherds. These are kaolinite covered fired clay displaying even broken 
edges, with some red finish more pronounced in some pieces (Figure 9). The sherds are 
composed of sand-clay particles, including mica, feldspar, quartz contained in a black 
matrix suggesting a reducing environment during firing. The sherds had variable lengths 

Figure 8. Dabo lithic assemblage. (A–D) Flakes, blackened by irradiation. (E and F) Conjoin sets (irra
diated). Set E includes a flake broken by a siret fracture.
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and widths, 28.5 ± 7.1 mm (mean ± SD) and 21.4 ± 6.9, respectively, but a relatively uni
form average thickness of 3.7 ± 0.5 mm (Table 1). They are simply decorated with linear 
parallel motifs like some observed in modern pottery housed in the Museum Linggam 
Cahaya (Figure 9) and are likely associated with the Bau-Malay pottery tradition which 
spread through the region from AD 700 onwards (Solheim 1990).

A second standing stone was observed in a road cutting in Batu Kacang (Figure 6B). 
However, its placement within the road cutting and adjacent to a major thoroughfare 
makes it seem unlikely that it remains in its original context.

On Lingga, river conglomerates were present, and especially abundant in riverbeds 
and banks, but we did not observe in situ archaeology. We were shown a stone adze 
owned by a local villager, but its exact provenance is unknown, and it resembles adzes 

Figure 9. Pottery from Riau–Lingga Archipelago. (A) Six pottery sherds from Dabo, Singkep Island. (B) 
Pottery motifs from Dabo sherds (top left) and recent pottery housed in the Museum Linggam 
Cahaya.

Table 1. Riau pottery assemblage statistics.
No. Length (mm) Width (mm) Thickness (mm) Mass (g)

1 40.8 31.7 3.8 5.2
2 23.3 19.6 3.4 1.3
3 23.5 17.2 4.2 1.7
4 24.4 15.9 4.3 1.6
5 33.3 28.4 3.6 2.9
6 25.7 15.9 2.8 1.0
Average 28.5 21.5 3.7 2.3
Standard Deviation 7.1 6.9 0.5 1.6
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found in the Pacific (Figure 10). Otherwise, outcrops were predominately composed of 
clays and weathered paraschists.

Lingga caves
Several caves on Lingga were identified as potential locums for faunal accumulation, 
including Goa Kelelawar, Goa Pegang Cave, Goa Kukar, and Goa Tanjung Kubang 
(Figures 3 and 4J–L). Goa Kelelawar is in the Daik Mountain region at an elevation 
of approximately 600 m above sea level. The cave was formed from the collapse of 
fault walls within metasedimentary rock debris (Figure 4J), primarily conglomerates. 
No sedimentary deposits or fossil evidence of past life were observed within the 
cave, except for accumulations of bat guano which is used by the local community 
as fertilizer. The absence of any vertebrate accumulation is presumed to be due to 
the cave’s location in an area characterized by steep and rugged terrain, which 
reduces preservation potential due to high energy run off and thus erosional proc
esses, as well as posing a challenge for access by medium to large-sized fauna (nor 
was there any evidence of small to medium-sized fauna [e.g., porcupines, rats, mon
keys] in the surrounding area).

Goa Pegang is situated near the coastline; it is formed from the erosion of a fault 
scarp in a metasediment fluvial deposit (Figure 4F) and is inundated with seawater dur
ing high tide. Sedimentary layers within the cave are interpreted as coarse grained, 
poorly sorted coastal or fluvial deposits, with no evidence of fauna. Outside the cave 
and near the entrance, a conglomerate outcrop was observed, with a single enamel frag
ment identified in the field preserved (Figure 11). The enamel exhibits characteristics 
typical of the buccal side of a bovid upper molar, as indicated by its flat surface with a 
slight ridge. However, the specimen consists of only a single enamel fragment, which 
makes precise taxonomic and anatomical identification impossible, and unfortunately 

Figure 10. Adze owned by local villager in Lingga, provenance unknown.
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efforts to recover datable material for U-series and ESR dating methods (e.g., Duval 
et al. 2021; Louys et al. 2022) were unsuccessful.

Goa Kukar (Figure 4L) and Goa Tanjung Kubang are located along the shoreline and 
appear as elongated fissures formed by faulting in sandstone and paraschist bedrock, 
respectively. These caves were inaccessible due to submersion by seawater.

Discussion

At the global level, the distribution of fossil and archaeological deposits is not uniform 
through space or time due to biological, geological, and anthropological processes oper
ating at different spatial and temporal scales. As a result, certain areas contain dense 
concentrations of sites, whilst others are entirely devoid of them (Plotnick 2017; Waters 
and Kuehn 1996). These processes produce fractal properties in site distribution pat
terns (Bailey and Smith 2005; Brown and Witschey 2003; Plotnick 2017) which also 
affect the preservation of extinct organisms’ geographical ranges. At our regional level, 
this is what the current distribution and thus reconstructed former range of H. erectus 
looks like: while fossils have been relatively abundant at the northern and southern 
extremes of its distribution in Southeast Asia, evidence for this hominin between these 
extremes is scarce (Berghuis et al. 2025; Lee and Hudock 2021; Louys and Kealy 2024).

Least-cost pathway dispersal modeling suggested one area where a confluence existed 
between ease of movement for large-bodied mammals and emergent land that could be 
easily surveyed and might preserve evidence of H. sapiens, namely the Riau–Lingga 
Archipelago (Louys and Kealy 2024). Initial examination of geological maps and satellite 
imagery indicated several outcrops of the right age and sediment type for the preserva
tion of fossils or archaeological material. However, our on the ground examination of 
the Riau–Lingga Archipelago revealed very little scope for the accumulation or the 
long-term preservation of such deposits. In our region of focus, the factors controlling 

Figure 11. Enamel fragment found outside Pegang Cave, Lingga, provisionally identified as bovid and 
indicated by red arrow; inset: enamel fragment, scale bar ¼ 1 cm.
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accumulation and preservation of paleontological and archaeological material can be 
largely attributed to geological and geographical factors, although biological and 
anthropogenic influences likely also contributed. Furthermore, the identification of sites 
of potential archaeological and/or paleontological interest is currently complicated by 
the absence of independent age controls available, with very little data that could con
strain the timing and duration of sediment deposition and potential associated fossil 
and lithic accumulations on the islands.

The Riau–Lingga Archipelago largely consists of granites and the weathering products 
of granites (Figure 4A, B, and D–F). Numerous granite outcrops were observed on 
Kundur, Karimunbesar, and Singkep. While granite has frequently been used for ground 
and pecked artifacts (such as Neolithic axes and maces), and has reportedly been used 
to produce knapped artifacts in some Acheulean assemblages (e.g., Sharon 2008), the 
coarse macro-crystalline structure and lack of a conchoidal fracture make it unsuitable 
for knapping as it does not produce controlled flake propagation or the formation of 
functionally sharp edges (e.g., Eren et al. 2011; Holdaway and Stern 2004). Further, the 
granite in the Riau–Lingga Archipelago was so friable that nodules or cobbles were 
rarely observed. The availability of suitable stone for toolmaking has been argued as a 
contributory factor in successful colonization of landscapes (Dennell 2007), and thus 
the dearth of suitable knapping stone in the Riau–Lingga Archipelago is noteworthy. 
Only on Lingga did we observe evidence of extensive river cobbles and suitable 

Figure 12. Gambier harvest, ca. 1880–1890. Album Or. 27.377, Geoffrey Allan Edwards Collection. 
Universiteit Leiden Digital Collections: Southeast Asian & Caribbean Images (KITLV).
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knapping stone. While a lack of suitable stone could be mitigated by a focus on perish
able raw materials such as bamboo (Bar-Yosef et al. 2012; West and Louys 2007), the 
presence of a knapping floor and the production of lithics on Singkep indicates that 
suitable stone was sought after and used, and thus a likely limiting factor in dense or 
extensive hominin occupation of the region. Additional work is required to further con
strain the age and taphonomy of this lithic assemblage, as well as the source of the 
quartz lithics on Singkep.

The weathering of the Triassic granites is also likely to have contributed to the 
unsuitability of preservation of archaeological or fossil material. Granite can weather 
both physically and chemically, with temperature and runoff best describing chemical 
weathering in granitic watersheds (Oliva, Viers, and Dupr�e 2003). The hot, wet tropical 
climate in the Riau–Lingga Archipelago combined with extensive peneplanation likely 
contributed to extensive chemical erosion of the granites. Studies of the erosion of gran
ites from Bintan showed they form clays rich in quartz, illite, kaolinite, gibbsite, goeth
ite, and hematite (Erawan et al. 2020). Resultant soils are acidic, with recorded pH 
averaging 4.5–4.7. Highly acidic soils are a destructive agent on bones (Andrews 1995), 
limiting long-term fossil preservation. While tropical forests are characterized in part by 
development on highly weathered soils with low soil pH, differences in plant commun
ities can be attributed to different soil chemistry, in turn related to the geological his
tory of a region (Fujii et al. 2018). Soils derived from I-type granites have higher 
fertility than soils derived from S-type granites (da Silva et al. 2017), such that lower 
biodiversity may have been present on Kundur and Singkep relative to Bintan and 
Batam and contributed to the dearth of preserved biological material on those islands.

Extensive peneplanation in the region (Figure 4G and H) is also associated with 
extensive physical weathering that has produced a variety of exogenic outcrops, but few 
fluvial sequences or floodplains. Alluvial processes have variable impacts on archaeo
logical and paleontological site preservation, varying from poor (coarse channel deposits 
and colluvium), intermittent (illuvial and sandy traction deposits), to very good (suspen
sion and paleosol deposits) (Seramur et al. 2007). The latter type in particular holds 
high potential for preserving cultural horizons as they represent a stable land surface 
(Seramur et al. 2007). However, extensive and active sheet erosion observed on many of 
the islands (e.g., Mulyono et al. 2021) does not promote either the formation of soil 
horizons (Lehmann 1993) or the long-term preservation of artifacts (Gouma, van 
Wijngaarden, and Soetens 2011).

A major reason for the high rates of erosion observed across the Riau Archipelago 
(e.g., Figure 4F) was the development of the gambier industry in the eighteenth and 
nineteenth century, as recounted in detail by Colombijn (1997). Gambier was produced 
from the boiled down leaves of the shrub Uncaria gambir and was used as a dye and 
tanning agent (Figure 12). These were initially tended by Chinese laborers brought to 
the Riau islands en masse in the 1700s. By the early 1800s, Chinese cultivators domi
nated the trade and the Chinese population of laborers had exceeded that of the tradi
tional Malays. Production of gambier required vast amounts of fuel wood, and fields 
had to be abandoned after 10–12 years due to the loss of forest reserves. The result was 
massive waves of deforestation spreading across the Riau islands—somewhere between 3 
and 5% of the islands’ forest reserves were lost to gambier a year according to 
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Colombijn (1997). Once abandoned, little revegetation occurred, such that large swathes 
of the islands were subjected to erosion around former agricultural areas. Agricultural- 
associated sediment disturbance has been strongly and negatively associated with the 
preservation and visibility of archaeological finds (Krahtopoulou and Frederick 2008), 
and any archaeological remains that may have once been preserved on the landscape 
are likely to have been impacted by these processes. Past and current mining activities 
are also likely ongoing threats to archaeological preservation due to forest clearance, 
sediment removal, and loss of landscape function (Colombijn 1997; Naim et al. 2019).

Limited tectonic activity of the islands provides less opportunities for the develop
ment and subsequent exposure of sedimentary basins that could promote the accumula
tion and preservation of fossils. Extensive peneplanation of the region acted as a further 
control on the possible preservation of fossil and archaeological material. Most of the 
depositional environments recorded in the archipelago were near-shore, deltaic, or 
swamp. Active sedimentation today is largely confined to the latter, and while the for
mer paleoenvironments are mapped as Plio-Pleistocene through most of the archipelago, 
age controls on these sedimentary units are very poorly resolved and many may be 
Triassic or older. The generally low topography and limited fluvial systems present in 
the archipelago do not aid the formation of sites, which are often related to distance 
from rapids and knickpoints in fluvial systems (Seramur et al. 2007). The limited tec
tonic activity in the region also means there has not been any reef building or extensive 
limestone build up, the necessary conditions for the development of caves and thus a 
major vector for the preservation of natural and archaeological deposits (Louys et al. 
2017). The significant exception of the caves and large rivers in Lingga provides indica
tions that, on that island at least, further archaeological or paleontological deposits may 
be found.

Conclusions

While hominin movement and occupation almost certainly took place through or near 
the Riau–Lingga Archipelago, little evidence of these traces is likely to be found. This is 
attributed to mostly geological and geographical factors, the latter driven by recent 
anthropogenic activities which had the effect of removing native vegetation and promot
ing large-scale soil erosion. Any archaeological remains that may have once been found 
in many of the islands have likely mostly weathered away. The extensive presence of 
granites and their weathering products has not been conducive to long-term preserva
tion of biological material, and the landforms resultant from extensive peneplanation 
provide few opportunities for large-scale deposits of either paleontological or archaeo
logical material. It is therefore likely that the search for early Pleistocene hominins and 
associated faunas will need to target regions currently underwater. Such finds are likely 
to be incidental and lacking in precise contextual information (e.g., Berghuis et al. 
2025). Nevertheless, Lingga emerges as an island that could potentially yield more evi
dence of the original inhabitants of the Riau–Lingga Archipelago, and further survey 
efforts on this island are recommended based on the observations made through this 
research.
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