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Lake Matano includes a complex of sites related to an iron-smelting industry that developed at the northeast tip
of South Sulawesi between the 8th and 17th centuries AD. The sites include recently discovered underwater sites
which possibly submerged because of an earthquake that had occurred in the region. An interesting finding at
each site is the presence of flaked artifacts from chert. This raises the question of what was the role of flaked chert
in the local tradition of iron smelting. The present study was conducted by combining ethnographic data from
Lake Matano and analysis of chert artifacts excavated from the Rahumpu’u lakeshore site. The results show that
chert artifacts were used as strike-a-lights and in particular for the combustion of fuel for iron smelting. Flaking
chert was one of the skills possessed by the Matano indigenous iron smelters in utilizing the resources in their
environment to produce a high quality of iron.

1. Introduction
The production of tools and weapons through flaking and, less
consistently, grinding and polishing stone was practiced across regions
where metal was absent to rare at the time of European contact, such as
southern Africa, Australia, Melanesia, and North America. Early Euro
pean colonists were uninterested or at best puzzled by the widespread
use of stone that they witnessed, and they introduced alternative ma
terials such as iron, glass and porcelain that rapidly supplanted stone
amongst the contacted indigenous populations. As a result, unfortu
nately, ethnographic information on these societies’ lithic technology is
irregular (Hayden, 2015; Morrow, 2021; Mulvaney & Kamminga, 1999;
White, 1967; Wiessner, 1983).
In other places, in ancient times, the availability of metal and espe
cially iron provided an alternative hard material that only gradually
supplanted stone for producing implements. An excellent example is the
tradition of flaking flint that continued in the Levant through the
Chalcolithic (Copper Age), Bronze Age and early Iron Age due to the flint

knappers’ desisting from producing outmoded stone tools and their
focus shift onto new implements appropriate to economic change
(Rosen, 1999). Iron sickles finally replaced flint sickles during the
middle Iron Age, but as noted by Rosen (1997, 163–164):
“Even then, it is clear that the use of chipped stone did not end. Threshing
teeth of basalt and flint were manufactured into the twentieth century …
Strike-a-lights of flint were a necessity until the wide availability of
matches … Gunflints were also used. However, they are truly the last poor
vestiges of earlier lithic industries.”
Vestiges they may be but they have been the subject of systematic
’salvage’ ethnography. In the 18th and 19th centuries, the flint knappers
of Brandon in England were studied for their production of scrapers,
strike-a-lights and gunflints, and production of the latter two imple
ments employing a bifacial technique was recorded in Ioannina, Greece
in the 19th century (Runnels, 1994). Another example of a relic tradition
is the continued production of hafted end scrapers for scraping hides in
southern Ethiopia, in this case associated with considerable variability
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Fig. 1. The technique of ignition practiced by the villagers of Kampung Ngada, Flores (A). The technique of holding a flint with a fibre swab and directing the
position of the edge of a sharp artifact before being struck (B) (Source: Brumm, 2006).

Fig. 2. A Matano villager demonstrating how to light a fire using stone flakes and an iron artifact (A). The equipment used to light a fire consisted of fibre, chert
artifacts, and an iron artifact (B). Chert pieces selected by the informant as flints. Some of these were taken directly from around the lake without being flaked as they
were already suitable for use (C). The stone flaking activity involved the direct percussion technique using iron as the hammer and resulting in the production of flints
(D) or small flakes during the generation of sparks (E). (Source: The National Research Center of Archaeology, 2018).
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Fig. 3. Stages of a retouched flake when used as a flint. Before being retouched, the flake has sharp edges (A). The flake intensively retouched using an iron hammer
to produce sparks (B). After being retouched, the flake gets smaller and the edges become blunt approaching a 90-degree angle (C).

in the stone materials and reduction sequences employed (Weedman,
2006).
In this contribution, we add to the available literature by addressing
the ethnographic production of strike-a-lights in Island Southeast Asia.
This region is renowned for its ’Negrito’ societies who maintained a
forager lifestyle until the 20th century, but in fact there is an absence of
ethnography on their stone-flaking practices, because they had learned
to use iron acquired through trade in the distant past (Bulbeck, 2003;
Coutts, 1983). Instead, the two documented examples are settled
farmers who speak local idioms of the Austronesian languages that were
introduced to Island Southeast Asia, along with agriculture, around
4000 years ago (Bellwood, 2017). The Lake Matano example, on which
we focus, is of particular interest because, not only was it not supplanted
by iron, but also it was an intrinsic part of a local iron-smelting industry
that flourished for approximately a millennium.

stored in bamboo to keep it dry. However, knowledge of this technology
has been lost except amongst a few villagers over the age of 80 who still
remember it.
The ancillary equipment used with the “strike-a-lights” included iron
artifacts and two types of fibre (Fig. 2B). One of the types of fibre grows
on the leaves of the sugar palm (Arenga pinnata Merr.). The fibre is
covered in fibers, brown and very smooth, and highly flammable
(Lempang, 2012). But to use this fibre, it needs to be mixed with another
fibre from flowers that grow on the breadfruit tree (Artocarpus altilis),
pounded on a coconut shell to make the fibre smoother and more
flammable.
The iron hammers used must be very good quality steel. The selected
stone pieces have a length between 3 and 5 cm and have sharp edges. As
long as these criteria are met, the selected pieces include chert nodules
that can be used directly as a flint without needing preparatory flaking
(Fig. 2C). Larger stone pieces are used as cores to be reduced with direct
percussion employing an iron hammer. This practice also produces
flakes suitable for use as a flint owing to their sharp edges and a size
between 3 and 5 cm (Fig. 2D).
The selected and produced flints tend to be thin and so they are more
effective when clamped by hand. To produce a spark, the flints are
clamped together with fibre and struck directly and forcefully using an
iron hammer (Fig. 2D and 2E). The sharp edges experience damage and
blunting from this forceful retouch (Fig. 3).
Apart from recording the general size and morphology of our in
formants’ chert strike-a-lights, we did not measure them in greater detail
or record the struck-off spalls. We should also note that, according to our
informants, stone pieces also had an additional function when their
ancestors were still carrying out iron smelting. Stone pieces were
collected and heated with ironstone to produce a much hotter fire.
However, our survey of the literature has been unable to justify this
proposal, which we suspect may have been prompted by our queries on
why such large quantities of chert were recovered from our excavation
of Lake Matano archaeological sites, to which we now turn.

2. Ethnographic observations on stone flaking in Island
Southeast Asia
Brumm (2006) briefly reported a tradition of stone strike-a-lights
carried out by the villagers of Kampung Ngada, Lembah Soa, central
Flores, Indonesia. They are an Austronesian-speaking community living
in a grassland region, working as water-buffalo breeders and farmers.
Their cultural tradition for making fire involves igniting fire by striking a
small stone clamped by hand along with fibre from a palm tree. From
Brumm’s photographic evidence, the flints employed for flaking had
sharp edges (Fig. 1B). The utilized hammer is an iron artifact (Brumm,
2006).
Essentially the same techniques and equipment are used in the
tradition of igniting fire in Matano village, Sulawesi, Indonesia. Our
interviews with Asmauna, 88 years old, and Amran, 87 years old,
revealed that chert artifacts were formerly used as a flint on a daily basis.
According to our informants, knowledge of this technology had been
passed down from their ancestors who had long inhabited Matano
village, including when their ancestors practiced metal smelting. They
continued to do this into the 1960 s, especially during the years of
turmoil when their village was occupied by the Darul Islam or Indone
sian Islamic Army rebels (DI/TII). They often brought stone pieces from
the forest when they went hunting, along with ancillary equipment

3. Background to the study region
Lake Matano is located in East Luwu Regency in the northeast of
South Sulawesi Province, where it borders Central Sulawesi Province at
3
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Fig. 4. The location of the Rahampu’u site and several underwater sites found in the Lake Matano region. The sites of Sukouyo 1, Pontanoa Bangka and Nuha (red
symbols) have been reported by Bulbeck and Caldwell (2000). The Rahampu’u site has also been reported before but was re-researched by the National Research
Center for Archaeology in 2018 and 2019. Underwater sites found are Pulau Ampat, Sukouyo 2 and Pontada (source: Triwurjani et al., 2018, 2019).

the east of the lake (Fig. 4). It is located 50 km from the Regency capital
city of Malili with geographical coordinates 2 26′ 01.4′′ S 121 18′′ 22′′ E.
The word Matano in the local language is the name of a spring in Matano
village. A pool measuring 8x12 m has been built at the spring and is a
source of drinking water for the Matano villagers (Fig. 5B). The Matano
villagers carry out activities at the edge of the lake on a daily basis.
Lake Matano is an ancient tectonic lake formed by the movement of
the earth’s crustal plates towards the end of the Pliocene Epoch around
2–4 million years ago. It is located above an active fault zone called the
Matano fault (Haffner et al., 2001). The depth of the lake is 587 m
making it the 10th deepest lake in the world and the deepest in South
east Asia. The area of the lake is 164.1 km2, with a length of 28 km and a
maximum width of 8 km. The surface elevation of Lake Matano is 394 m
above sea level, thus the deepest part of the lake floor is estimated to lie
197 m below sea level.
The iron deposits at Lake Matano contain nickel and other heavy
metals that underpinned the production of the legendary pamor Luwu
iron of exceptional quality. The medieval trade of this iron as far as Java
was crucial for the rise of the kingdom of Luwu by the 14th century CE.
Iron tools from Matano were still traded even up to the 20th century CE
in Java, Kalimantan, and northern Sumatra because of their quality
(Bulbeck, 2010; Do, 2013; Reid, 2011; Sumantri et al., 2017, 2018).
Sites on the shores of Lake Matano that were excavated in 1998 and

1999 by the ’Origin of Complex Society in South Sulawesi’ project are
Rahampu’u, Nuha, Pontanoa Bangka and Sukouyo 1 (Fig. 1). Flaked
chert artifacts along with iron slag and ceramics were found at all of the
sites (Bulbeck & Caldwell, 2000). The potential of Lake Matano as an
iron production center has continued to attract the attention of re
searchers. Indonesia’s National Research Center of Archaeology (Pusat
Penelitian Arkeologi Nasional) conducted intensive research from 2016 to
2019 and discovered several underwater sites. The sites are Pulau
Ampat, Sukoiyo, and Pontada, all of which produced similar finds. These
finds are pottery with a variety of decorative motifs, iron artifacts, iron
slag and flaked chert artifacts. The results point to the occupation of the
underwater sites submerged caused by an earthquake that occurred in
the region, but it is not yet known when the disaster occurred (Adhi
tyatama et al., 2017; Triwurjani, 2018; Triwurjani & Adhityatama,
2019; Triwurjani et al., 2018, 2019). As flaked stone artifacts and iron
slag were abundant on the surface of the Rahampu’u site (Fig. 5C and
5D), the Indonesian authors decided to re-excavate it in 2018 and 2019,
to collect contextual information on its contents, stratigraphy, and cul
tural layers.
The flaked chert artifacts at all of the Lake Matano sites are an
arresting finding. Their association with the Lake Matano iron industry
site is not replicated at other iron industry sites, such as those around the
Barito watershed in Central Kalimantan (Hartati, & Sofian, 2018) and at
4
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Fig. 5. Matano village at the northwestern edge of the Lake Matano (A). A pool of water which is used as a source of drinking water for the Matano villagers (B). Iron
slag (C) and stone artifacts from chert material (D) visible on the surface of the Rahampu’u site.

Fig. 6. Excavation squares in 2018 and 2019 at the Rahampu’u Site (A). Pottery and an iron artifact found embedded in an iron slag outcrop (B). Iron artifacts from
the excavation squares (C). Stone artifacts were concentrated above the iron slag outcrop (D). A pottery tuyère shaped like a pipe from an excavation square (E)
(Source: Triwurjani et al., 2018, 2019).
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Fig. 7. Stratigraphic excavation square and position of charcoal samples from 2018 and 2019 on the Rahampu’u site (Source: Triwurjani et al., 2019).

Tonle Bak in Cambodia (Hendrickson et al., 2019). If metal supposedly
replaced flake stone, why do we find such large quantities of it at a major
center for the production of iron? What was the role of flaked stone in
the tradition of iron smelting practiced in the Lake Matano region?
Based on their excavation at the Rahampu’u site, Bulbeck and Caldwell
(2000) concluded that the stone flakes were probably used as strike-alights, but they did not provide a technological analysis, and their
ethnographic support was limited to a brief remark from the owner of
the land where the Rahampu’u site is located.
Here, we present new evidence for the purpose of the flaking stone
activities that lasted throughout the development of the iron industry in
the Matano region. The evidence includes new data on the stratigraphy
and chronology of the artifacts from the Rahampu’u site, set in the
context of our ethnographic observations on Matano villagers’ strike-alights. Our archaeological evidence transcends our ethnographic infor
mation, for two reasons: it relates directly to the functional use of chert
lithics, rather than relying on a largely discontinued tradition; and the
available sample sizes for analysis are large.

respectively excavated to a depth of 110 and 90 cm from the baseline.
Every excavation square contained outcrops of iron slag along with
lithics and pottery. These were often found embedded in the slag
(Fig. 6B and 6D), as also observed by Bulbeck & Caldwell (2000: 27) in
their description of flaked chert and potshards embedded in a hardpan of
iron-smelting waste along the Matano village lakeshore. A total of 9,332
lithics and 1,446 pottery shards was excavated. In addition, seven iron
artifacts with a maximum length between 5 and 8 cm were recovered,
although it is difficult to identify their shape or function due to their
advanced corrosion (Fig. 6C). There were also two tubular pottery pieces
with a hole in the middle like a pipe (Fig. 6E), identified as tuyères for
bellows (Bulbeck & Caldwell: 28, 2000; Triwurjani et al.: 67, 2019).
The Rahampu’u stratigraphy shows five layers of excavated deposit
(Fig. 7). Layer 1 was topsoil of blackish-brown sandy silt with a thickness
of 5 to 10 cm. It was mixed with recently deposited materials such as
plastic and wood. Layer 2a was a sandy clay with a brownish-black
color. The layer was 30 to 50 cm thick, visible to a depth of 30 to 65
cm from the baseline. This layer was archaeologically characterized by
iron slag, charcoal, lithics, and pottery. A charcoal sample from this
layer came from the U1T2 square, spit 5 and was dated at the Pusat
Survei Geologi Laboratory using the C14 radiocarbon method (Table 1),
producing an age of 1030 ± 120 BP (calAD 889–1155/68% confidence
interval, calAD 717–1246/95% confidence interval).
Layer 2b has a texture and color that are not different from layer 2a
but it is distinguished by the highest concentration of lithics. This layer
occurred as a lens cutting into layer 2a at the east wall of the U1T2 and
S1T2 square where it has a thickness of 5 to 25 cm and is visible to a
depth of 45 cm from the baseline. Layer 2c was a brownish sandy clay
deposit, underlying layer 2a. The thickness of this layer was 10 to 20 cm,
visible to a depth of 60 to 85 cm from the baseline. Lithics, iron slag, and
pottery were still found but at a lower concentration than in layer 2a.
Layer 3, the lowest layer in the excavation, consisted of archaeologically
sterile clay with a brownish yellow color. This layer first appeared at a
depth of 60 cm (in some places) and extended to the base of the
excavation.
The radiocarbon dates from the Rahampu’u site include three be
tween approximately the 6th and 12th centuries AD and eight between
the 15th and 17th centuries AD (Table 1). Bulbeck and Caldwell (2000)
associated their two early dates with habitation at Rahampu’u before
iron smelting was established here, even though they accepted that iron

4. Lithics Analysis: Materials and methods
The Rahampu’u site is located south of Matano village, with
geographical coordinates of 2 degrees 27′ 24.4′′ S 121 degrees 12′ 52.2′′
E and an elevation of 432 m above sea level. According to local tradition,
initial settlement of Lake Matano occurred on the west shore of the lake
at Rahampu’u, which is still a residential part of Matano village (Figs. 4
and 5A). In the Austronesian language of the Matano villagers,
Rahampu’u combines the words raha meaning house and mpu’u meaning
first. Thus, the name Rahampu’u means the first house. Rahampu’u was
also the name of the village before it was changed to Matano.
The excavation squares, which had not been disturbed by agricul
tural activities, were covered with iron slag along with many lithics. The
squares measured 1x1 m and were excavated in spits of 10 cm, with
depths recorded from a baseline for recording vertical data. The 2019
squares were labeled S1B1, U1B1, U1T1 and U1T2 and the 2018 squares
were labeled S1T1, S1T2, S2T1, and S2T2. (This is analogous to using
North-South-East-West labeling, because in the Indonesian language,
Utara means North, Selatan means South, Timur means East and Barat
means West.) Six of the squares were excavated to a depth of 50 cm from
the baseline while the other two square, U2T2 and S1T2, were
6
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& O’Connor, 2013). Conversely, lithics that do not have these markers
are categorized as non-flaked, which is a covering term for nonartifactual pieces (such as heat shatter and manuports) and artifacts
with non-definitive traces of their production through flaking. The
flaked category is further divided into the subcategories of complete
flakes, flake fragments, and cores, to allow the analyst to determine the
intensity of flaking (Hiscock, 2002).
The retouched category includes artifacts with evidence of damage
along one or more edges. Retouched artifacts are divided into flaked,
core and, where the artifactual status of the worked piece is unclear
prior to its retouch, non-flaked subcategories. This classification aims to
compare the main artifact categories in terms of their percentage
selected for retouching.
All lithics were also classified into size categories based on their
maximum length to provide an insight into any size parameters.
Maximum length was the main selected variable to tie in with our
ethnographic observation on a size between 3 and 5 cm for the flints to
be used as strike-a-lights (Fig. 8). In addition, we carried out morpho
metric measurements on the complete flakes and retouched lithics, in
order to characterize their tendencies and to facilitate comparison of the
lithics that were used as a flint (Fig. 9A). We also measured the edge
angles of the retouched lithics (Fig. 9B), and sampled them for micro
scopic observation of their retouch edge scars using a Dinolite micro
scope (AM4113T5X series). Supplementary data on the results of our
analysis can be visited on the link: https://doi.org/10.17605/OSF.
IO/N9483

Table 1
Radiocarbon dating results on sites of the Matano Region.
Site

Lab. Code

Result
(BP)

Calibrated date
(95% confidence
interval)

References

Rahampu’u

057/D/GL/
P4/03/10/
2018
OZE646
(AMS)

1030 ±
120*

calAD 717–1246

This paper

1000 ±
40

calAD 973–1153

Rahampu’u

ANU-11081

1400 ±
110

calAD 420–865

Rahampu’u

ANU-11080

400 ±
60*

calAD 1424–1637

Rahampu’u

ANU-11079

310 ±
90*

calAD 1423–1950

Rahampu’u

ANU-11078

410 ±
80*

calAD 1328–1652

Rahampu’u

ANU-11074

350 ±
70*

calAD 1431–1663

Rahampu’u

ANU-11076

310 ±
90*

calAD 1423–1950

Rahampu’u

ANU-11077

430 ±
120*

calAD 1282–1950

Rahampu’u

ANU-11083

480 ±
130*

calAD 1259–1798

Rahampu’u

ANU-11084

410 ±
70*

calAD 1412–1642

Lemogola

ANU-11277

120 ±
70

calAD 1664–1950

Pontanoa
Bangka

ANU-11107

1520 ±
70

calAD 120–871

Pontanoa
Bangka

ANU-11108

1010 ±
60*

calAD 893–1160

Nuha

ANU-11105

960 ±
70*

calAD 900–1222

Nuha

ANU-11278

130 ±
50*

calAD 1667–1950

Sukouyu 1

ANU-11271

2070 ±
50

calBC 204–calAD
50

Sukouyu 1

ANU-11272

830 ±
70*

calAD 1038–1279

Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000
Bulbeck &
Caldwell,
2000

Rahampu’u

5. Analysis of the lithics from the Rahampu’u site
The two Rahampu’u excavation squares with the largest numbers of
lithics were selected for analysis. These were S1T2 with 725 lithics and
U1T1 with 3205 lithics. Visual inspection indicated that the material
used was chert colored red, green and black, dominated by two colors,
namely red with a percentage of 64.0% (n = 2515) and green with a
percentage of 34.0% (n = 1337). Only 2.0% (n = 78) are black. Iden
tification of the utilized raw material was confirmed through a survey of
the local geology and chemical analysis using a handheld X-ray fluo
rescence (XRF) following the methodology detailed by Triwurjani et al.
(2019). The mineral content of the five analyzed, green and red artifacts
is dominated by silica (SiO2), with a percentage ranging between 89%
and 92%. XRF analysis of a chert nodule from the Matano Formation
found a 95% silica composition, indicating it is the same material as used
for the Rahampu’u lithics (Triwurjani et al., 2019). Thus, it is concluded
that chert sources around the site were exploited for the Rahampu’u
lithics and there was certainly no obstacle to finding suitable raw
material.
The three categories of lithics (Table 2) consist of flakes comprising
48.9% (n = 1923), non-flaked 42.4% (n = 1666) and retouched 8.7% (n
= 341). The high percentage of flaked artifacts indicates intense stone
reduction activity. The non-flaked category also accounts for a fairly
high percentage. Thus, pieces that were not clearly flaked also have a
role so they must have accumulated during the iron smelting activities.
This category includes pieces whose original form has been distorted
through potlid scarring, shattering and other effects of exposure to heat
as well as the potlid and shatter flakes themselves.
Flaked stone artifacts are dominated by the complete flake subcat
egory with a percentage of 26%, while flake fragments are only 11%
(Table 2). The success rate of flaking stone was relatively high because
the material used was chert with very high silica content. Complete
flakes with a feather termination are more easily detached from a core if
the flaked material is high in silica.
The retouched lithics are less than 10%, far less than those that are
unretouched (flaked and non-flaked). The retouched lithics consisted of
three subcategories, namely flakes 4.6% (n = 183), cores 1.2% (n = 47)
and non-flaked 2.8% (n = 111). These data indicate that the debris used
for retouching included not only intentionally flaked artifacts but also

Note: All calibrations undertaken using Oxcal v4.3 with Intcal13 (Bronk Ram
sey, 2017), with no Southern Hemisphere correction as Lake Matano lies very
close to the equator.
* Associated by the excavators with full-scale iron smelting.

smelting had started along the north shore of Lake Matano by this time.
However, the new radiocarbon date from the Rahampu’u site indicates
iron smelting at Rahampu’u by approximately the 10th century, where it
continued to the 17th century as documented by radiocarbon dates re
ported by Bulbeck and Caldwell (2000).
Technological analysis was carried out on the lithics excavated from
the Rahampu’u site. Lithics were classified and counted according to the
categories of non-flaked lithics, and flaked and retouched artifacts. The
flaked category is used for artifacts that have indications of intentional
flaking, such as a striking platform or bulb of percussion, or a bulbar scar
and other flake scars as also found on cores (Andrefsky, 2008; Clarkson
7
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Fig. 8. Comparison of the maximum length of lithics in each category.

Fig. 9. Scatterplot and boxplot showing the variation of the length and width of the complete flakes and retouched lithics (A). Histogram (binwidth = 2) and
estimated density of the retouched angle on the retouched lithics (B).
8
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• The unretouched, non-flaked lithics include a miscellany of chert
manuports and primary flaking products that were rejected for use as
flints, along with heat-shatter products, explaining their wide size
variability, albeit weighted towards a larger size than the other
categories;
• The unretouched, flaked lithics include cores and flakes prepared for
use as flints but then rejected for this type of use, along with the
spalls detached during spark generation, explaining their variable
weighting towards a smaller size than the other categories, as sta
tistically documented for the complete flakes;
• The retouched lithics became reduced to very reduced in size during
the retouching process, explaining why a modal flint size between 3
and 5 cm (to judge by our ethnographic observations) resulted in
used products with a modal maximum length between 2 and 4 cm,
along with about 20% of even smaller utilized discards.

Table 2
The results of classification of the Rahampu’u site lithics.
Category

Subcategory

Count

Percentage (%)

Flakes
(1923/48.9%)

Complete flake
Flake fragment
Core

1014
416
493
1666
183
47
111

25.8
10.6
12.5
42.4
4.7
1.2
2.8

Non-flaked
Retouched
(341/8.7%)

Flake
Core
Non-flaked

pieces that had not been intentionally flaked. The retouch was generally
carried out on artifacts that have sharp edges, without following a
specific shape pattern. Therefore, lithics that did not necessarily result
from flaking can also be retouched, as long as they have sharp edges, as
also observed ethnographically. However, a higher proportion of
retouched pieces originated from definitively flaked than non-flaked
lithics.
The retouch on the retouched lithics mostly has a unifacial direction
and at a very high intensity, which reduces the size of the piece and
blunts the edges until they approach an angle of 90◦ (Fig. 10C, F–L).
Measurement of the retouched angle shows a dominance of high angles
between 72 and 90 degrees with an average angle of 77.7 degrees (S.D.
= 9.88) (Fig. 9B). In addition, the retouch angles shows a characteristic
pattern of graded, step scar terminations (Fig. 11). This pattern occurs
because the blows were delivered repeatedly and forcefully on the same
focal point. Traces of iron were also observed trapped near the scars,
which suggests that the hammer used for striking the retouched lithics
was made of iron. As observed ethnographically, when a piece is used as
a flint it must be repeatedly struck resulting in size reduction, breakage
and an increasingly obtuse angle compared to the originally sharp edges
(Fig. 3). This correspondence is a strong indication that most or all of
retouched lithics from the excavation relate to producing sparks for fire
ignition. Other evidence in support of this conclusion is that the iron
smiths who used the Rahampu’u site needed to generate constant
combustion to execute the site’s specialized iron-smelting function, and
that tasks other than generating sparks would have been comfortably
accommodated by the iron implements available to the Rahampu’u
residents (see also Bulbeck & Caldwell 2000).
The large cores and small cores show different reduction patterns.
The large cores were generally only reduced slightly with irregular
patterns (Fig. 10A and 10B), but the small cores were reduced with high
intensity and bifacially (Fig. 10E and 10F), mainly at their sharp edges
(Fig. 10F). This technique of bifacial core retouch was also a possible
way to decrease the cores’ size so that they could be used as flints.
The maximum length of the lithics in each category is dominated by
the 21–40 mm size range (Fig. 8). The proportion in this size range is
highest for retouched lithics with a percentage above 75%. As for the
1–20 mm size range, the best represented categories are the flaked ar
tifacts with a percentage of 37% and the retouched lithics with a per
centage of 21%. Under 3% of the non-flaked categories fall in this size
range, in contrast with the 23% of them in the 41–60 mm size range
(compared with below 5% for the two artifact categories).
Measurements on length and width show that the complete flakes
tend to be smaller yet more heterogeneous than the retouched lithics
(Fig. 9A). The complete flakes have an average length of 25.63 mm (S.D.
= 7.42) with a range between 10.81 and 68.1 mm (IQR = 9.4), and an
average width of 24.07 mm (S.D. = 7.27) with a range of 5.13 to 64.01
mm (IQR = 23.55). In comparison, the retouched lithics have an average
length of 27.41 mm (S.D. = 5.49) ranging from 14.45 to 45.6 mm (IQR
= 6.78) and the average width of 22.96 mm (S.D. = 5.1), ranging from
10.25 to 20.87 mm (IQR = 6.7). The greater heterogeneity of the
complete flakes suggests their generation at diverse points in the lithic
reduction sequence.
Our interpretation of the above data runs as follows:

6. Discussion
The production of flaked stone artifacts has a deep antiquity in
Sulawesi. They date back to as early as 180,000 years ago in the
Walennae valley in the southwest peninsula (van den Bergh et al., 2015).
Flaking stone activity using chert continued when hunter-gatherers
inhabited caves between approximately 30,000 and 4000 years ago
(Brumm et al., 2018, 2017; Bulbeck et al., 2004; Ono et al., 2020; Sur
yatman et al., 2019, 2016). Flaked stone retained its importance in the
production of cutting and scraping tools even after Austronesianspeaking ismmigrants from the north introduced farming (Bellwood,
2017). Sites along the Karama River in West Sulawesi mark the begin
ning of Austronesian settlement by 3800 years ago along with the
technologies of polished stone artifacts and pottery, although the
tradition of flaking stone was still visible in the chert and obsidian flakes
dating to before 2500 years ago (Simanjuntak, 2008, 2015; Simanjuntak
et al., 2008).
In Island Southeast Asia, over the last two millennia, metal tools
increasingly provided the cutting and scraping functions that had been
the domain of flaked stone artifacts for earlier inhabitants (Bellwood,
2017). In the Karama valley, the presence of flaked stone dwindled after
evidence for metal artifacts along with glass beads began to appear
(Anggraeni, 2012; Anggraeni, et al., 2014). At the Sakkarra site, evi
dence of early metal culture is dated to approximately 2000 years ago,
but only three chert flakes were found compared with tens of thousands
of pottery shards (Fakhri et al., 2015; Suryatman et al., 2018). On the
other hand, survey and excavation at the Sabbang Loang site, to the
south of Lake Matano, consistently recorded flaked stone artifacts in
habitation contexts dated to the early centuries AD. The Sabbang Loang
analogy is important because the habitation deposit included frag
mented iron artifacts and evidence for rudimentary iron smelting (Bul
beck & Caldwell, 2000: 59–63).
Iron smelting at Lake Matano may have commenced after the early
first millennium AD (Table 1). Basal occupation deposits dating to this
time, without evidence for local iron smelting, are reported for several
Lake Matano sites including Sukouyu 1 (ANU-11271), Pontanoa Bangka
(ANU-11107) and Rahampu’u itself (ANU-11081). Bulbeck and Cald
well (2000) reported evidence for iron smelting at the Pontanoa Bangka,
Nuha and Sukouyu 1 by the 10th and 11th centuries. All of these sites
produced iron slag, lithics, and pottery, although not in the same con
centration as found at the Rahampu’u site—where the antiquity of iron
smelting can now be dated back to around the 10th century. Thus, we
conclude that the Matano inhabitants established a local iron industry
assisted with the use of chert lithics between approximately the 8th and
17th centuries AD.
Stone flaking activities are facilitated by an abundance of suitable
raw material in the environment, and so the location of the Lake Matano
iron industries might have been related to the ready availability of chert
around the iron-smelting sites. The chert may have been collected as
naturally available nodules from outcrops or may have been mined to
9
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Fig. 10. Stone artifacts from excavation of the Rahampu’u site. Cores with flake scars on multiple sides (A, B and D). Cores retouched at their sharp edges (C and F).
Cores with a bifacial reduction pattern (E and F). Flakes retouched with a high intensity (G, H, I, J, K, and L). Unretouched complete flakes (M, N, and O). Iron slag
attached to complete flakes (N and O).

produce chert nodules to transport to the iron-smelting locations. Larger
nodules were then flaked to produce suitably proportioned flakes with a
size range between 3 and 5 cm. The flakes had directly formed sharp
edges that further facilitated the flakes’ use as a flint. Flaked and nonflaked lithics with similar size tendencies ended up being discarded on

the fireplaces. This scenario is confirmed by the numerous lithics found
with the iron slag including many that were embedded in the iron slag
concretions (Fig. 6B, D).
The declining use of flints in traditional iron smelting at Lake Matano
is registered by the uppermost deposits of the Nuha site and also by the
10
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Fig. 11. Retouched flakes with the characteristic pattern of graded, step scar terminations (A1, B1, C1). In addition, there are traces of iron trapped in the scars (A2,
B2, C2).

Lemogola site near Rahampu’u in Matano village (Bulbeck & Caldwell,
2000). Lemogola, in particular, consisted of piled-up ironstone along
with slag and other smelting waste, dated to between the 17th and early
20th centuries by its sub-recent radiocarbon date (Table 1) and its shards
of late Ming to Qing Chinese porcelain. Excavation recovered tuyère
fragments in abundance but only six flaked chert artifacts. Thus,
although iron smelting continued at Lake Matano after the abandonment
of the Rahampu’u workshop, it no longer involved intensive use of
strike-a-lights. By the late 20th century, according to information
collected by Bulbeck, local iron production had relocated to Soroako at
the eastern end of Lake Matano, utilizing scrap iron as part of a ’puddled
iron’ technology (Bulbeck, 1996–7).
Finally, it is unlikely that the tradition of igniting fire from stone was
newly developed knowledge in Indonesia with the onset of iron smelt
ing. For instance, the early blacksmiths in Matano may have met and
exchanged knowledge with previous residents who knew how to ignite
fire from flints. Analysis of the flaked-stone assemblages of Sulawesi’s
pre-Austronesian inhabitants, such as those who occupied the Lake
Towuti region between 19,000 and 2500 years ago, has focused on the
production of tools for the multiple cutting and scraping tasks that were
part and parcel of their forager lifestyle. However, these foragers’
knowledge of fire technology is abundantly clear from the remains of
burnt bone and well-defined hearths at these sites (Bulbeck et al., 2019;
O’Connor et al., 2018; Suryatman et al., 2016). The retouch signature
for the utilization of strike-a-lights, which the Rahampu’u lithics illus
trate based on their archaeological context and on local ethnography,
can now be sought as a minority component in older lithic assemblages,

with the potential for shedding light son the antiquity of strike-a-lights
in Indonesia.
7. Conclusion
The iron-smelting industry of Lake Matano between the 8th and 17th
centuries AD was very important to the rise of early civilization in South
Sulawesi. The iron tools produced from this region supported the
development by the 14th century CE of the Luwu kingdom as a preeminent power, documented to have been an important partner of the
Majapahit empire of medieval Java. A particular and potentially unique
skill possessed by the Matano blacksmith community, in the production
of their pamor Luwu iron of exceptional quality, was the mass production
of chert flints to generate the fiery temperatures that were crucial for
extracting molten iron from ore. This skill is testament to the adapt
ability and local genius of the Matano people in utilizing the natural
resources in their environment.
The results of this study indicate that the behavior of stone flaking
was one of the initial stages in iron smelting activities. Most of the chert
derived from nodules was reduced by direct percussion to produce
smaller flakes with sharp edges to be used as flints for generating sparks
to make fires. These were deposited in the fireplaces along with other
flaked and non-flaked lithics.
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