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ABSTRACT KEYWORDS

The occupation of Buang Merabak, a cave located on the island of New Ireland, Buang Merabak; lithic

by 42,000 years ago demonstrates that the colonisation of the Bismarck  technology;islands; Bismarck
Archipelago occurred soon after that of Sahul. This provides the opportunity Archipelago; adaptation;
to consider the adaptation of small groups of people to a depauperate island ~ technological organisation
environment. An analysis of a lithic assemblage from Buang Merabak was used

to consider how technological organisation reflects changing patterns of site

use and subsistence strategies from the late Pleistocene through to the early

Holocene. A strategy of small simple flake technology was identified, which

would have allowed site occupants flexibility in the face of fluctuating patterns

of faunal resource use. During the late Pleistocene, a broad range of local lithic

materials were used expediently. Gradual change occurred in the early

Holocene to a smaller variety of materials with dominant use of local chert

flakes and conservation of specific volcanic materials.

Introduction

Human exploration and colonisation of Sahul (comprising New Guinea, Australia, Tasmania, and the
Aru Islands) from Southeast Asia and Wallacea is generally accepted to have occurred by at least 50-
48,000 years ago, during periods of glacio-eustatic lower sea levels (Allen and O'Connell 2014; Balme
and O’Connor 2014; Summerhayes and Ford 2014; Veth et al. 2017). Older dates of 70-60,000 BP
have been published for sites in the Philippines (Mijares et al. 2010), Laos (Shackelford et al. 2018),
Sumatra (Westaway et al. 2017) and Northern Australia (Clarkson et al. 2015, 2017). These results
derive from uranium series, optically stimulated luminescence (OSL), and thermoluminescence (TL)
dating methods, which are still undergoing debates over taphonomic rigour (Allen and O’Connell
2014; Allen 2017; O'Connell et al. 2018).

Regardless of the specific timing of the initial colonisation event, one of the significant achieve-
ments of the colonisation of Sahul was the ability to undertake deliberate water crossings. Voyaging
from Sunda into Sahul, irrespective of whether modern humans followed the northern route into
the Bird’s Head Peninsula of New Guinea, or the southern route from Timor/Roti to northwest
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Australia, required at least five water crossings. Following colonisation of the main Sahul landmass,
modern humans completed further water crossings into the Bismarck Archipelago by at least
42,000 years ago, which is the earliest occupation date for the cave site of Buang Merabak
(Leavesley et al. 2002). Crossing into New Britain and New Ireland would have required sea voyages
of at least 50 km from New Guinea to New Britain (Summerhayes and Ford 2014). A further 180 km
separates New Ireland from Buka (although again shorter routes are possible if island hopping,
reducing the longest distance to 60 km) (Summerhayes and Ford 2014). The Bismarck Archipelago,
together with the Kilu site on Buka Island (Wickler 2001), sets the northeastern extent of this large-
scale colonisation trajectory of modern humans until the much later Austronesian expansion into
Remote Oceania (Figure 1).

Although Sahul was settled by populations with similar origins and hunter-gatherer subsistence
practices, recent genetic evidence has pointed to a long-term isolation between Australian and New
Guinean populations (Bergstrom et al. 2017; Nagle et al. 2017; Tobler et al. 2017), and also between
mainland Papua New Guinea (PNG) and the Bismarck Archipelago (Choin et al. 2021), making room
for the development of regional traditions early in Sahul’s history. This is borne out in the lithic
technology as, while there are similarities between the initial Pleistocene assemblages, there are
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Figure 1. Map of archaeological sites in the Bismarck Archipelago in relation to eastern Papua New Guinea.
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also many inter-regional and inter-site variations. For example, although the overarching late
Pleistocene to early Holocene lithic technology across Sahul was of cores, flakes, and scrapers
(Balme and O’Connor 2014; White and O’Connell 1982), in some places a variety of large formal
tool types are also present, including waisted tools at sites in mainland PNG (Ford 2017) and ground
edge axes in sites across Northern Australia (Balme and O'Connor 2014; Clarkson et al. 2017; Ford
and Hiscock 2021; Hiscock et al. 2016).

It is clear that rather than treating Sahul lithic technology as a homogenous entity, variations in
assemblages across sites need to be examined against a wide range of local factors. These include
raw material availability, the nature of the subsistence economy and local resource structure, levels
of mobility and sedentism, as well as potential cultural and social influences to determine how these
different factors impacted upon regional expressions of lithic technology.

The Bismarck Archipelago, in particular, is often treated independently of Australia and PNG as
the lithic technology here lacks the formal tool types associated with the mainland sites, with the
exception of the site of Yombon on New Britain that has a single unifacial ovoid scraper (Pavlides
2004). Bismarck technology is therefore generally described as being a simple, ‘amorphous’ (lacking
regular retouch patterns) flake technology, with variation explained primarily as reflecting raw
material availability and high mobility levels (Allen, Gosden, and White 1989; Freslov 1989;
Pavlides 2004; Torrence et al. 2004).

The islands of the Bismarck Archipelago are much smaller and have lower biodiversity than the
large landmasses of Australia and New Guinea. This is reflected in the faunal record of five sites in
New Ireland that have occupation beginning in the late Pleistocene (Matenkupkum, Matenbek,
Panakiwuk, Balof Shelters 1 and 2, and Buang Merabak). The earliest of these sites is Buang Merabak,
and a model for a changing subsistence strategy based on the faunal remains, including faunal
introductions around 20,000 years ago, has been developed by Matthew Leavesley (2004). This
model is unique for PNG, as other sites that pre-date 30,000 years ago either lack faunal remains or
their faunal assemblages remain unpublished. The lithic assemblage from Buang Merabak therefore
offers an excellent opportunity to combine the faunal and lithic knowledge from a site that has
a record of periodic occupation of more than 35,000 years, to consider how human technology,
resource procurement, subsistence, and mobility interacted in the late Pleistocene through to the
early Holocene. This is of importance in understanding adaptation to, and manipulation of, tropical
island environments by the first settlers of Near Oceania, which in itself is significant for adding
a new dimension on the range of colonisation and subsistence strategies employed by modern
humans in their global colonisation of a diverse range of environments. This approach also allows
a more holistic view of understanding lithic technology that does not simply derive from raw
material availability and that more accurately represents the plethora of human activities resulting
in the archaeological record. This study outlines the organisation of the lithic technology employed
at Buang Merabak across the late Pleistocene to the early Holocene. It will be discussed in the
context of Leavesley’s (2004) model of subsistence strategy and faunal introductions to identify the
interaction between resource procurement and use and mobility levels in a tropical island
environment.

Late Pleistocene New Ireland

New Ireland is a narrow island in the Bismarck Archipelago, 350 km long by 10-30 km wide,
northeast of mainland PNG (Figure 1). The island is covered by tropical lowland rainforest and
montane woodlands, environments that have changed little into the Holocene (Summerhayes et al.
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2016, 2). The island’s topography is dominated by the steep central Hans Meyer mountain range, up
to 2,400 m high in the south, and an uplifted eastern coral coast, reaching 1,480 m above sea level
(asl) in central New Ireland (Allen, Gosden, and White 1989; Freslov 1989; Hohnen 1978). While the
environmental and geological biodiversity are depauperate compared to mainland PNG, raw lithic
material is abundant in both quantity and diversity, exposed along the coast in outcrops, and as
cobbles throughout river systems (Figure 2). Limestone and chert are available in the uplifted central
Lelet and Surker Limestone, and volcanic tuff and altered and Quaternary volcanics collectively
make up the Jaulu Volcanics in the north, centre, south, and on the nearby small island groups of
Tabar, Lihir, Tanga, and Feni (Hohnen 1978). Outcrops of gabbro, norite, diorite, trondhjemite,
granodiorite, and some porphyritic rhyodacite intrude into these volcanics, termed the Lemau
Intrusive Complex.

There are five archaeological sites on New Ireland with occupation in the late Pleistocene. These
were either identified or re-excavated during the 1980s Lapita Homeland Project (Allen, Gosden, and
White 1989; Allen and Gosden 1996). All of the sites are rock shelters or caves and, except
Panakiwuk, are situated within the exposed coral terraces of the Lelet Limestone on the north
coast (Figure 2). Buang Merabak, Matenkupkum, and Matenbek were occupied from 42,000, 40,000,
and 20,000 years ago, respectively (Allen, Gosden, and White 1989; Leavesley 2004; O'Connell, Allen,
and Hawkes 2010), while Panakiwuk and Balof 2 in the north were occupied much later, around
15,000 years ago (Marshall and Allen 1991) and 14,000 years ago, respectively (Downie and White
1978; White et al. 1991). This collection of sites was continuously occupied since 42,000 years ago,
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Figure 2. Stone sources and archaeological sites occupied from the late Pleistocene on New Ireland.
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although with periodic use at individual sites, and the most extensive settlement was not until the
transition from the Pleistocene to the Holocene (Allen, Gosden, and White 1989). The lithic assem-
blages of Balof 2 and Panakiwuk have been described briefly and only in the initial excavation report
(Allen, Gosden, and White 1989), while material from Matenkupkum and Matenbek has been
analysed in greater detail in a BA Honours dissertation (Freslov 1989). While all sites generally
show a similar simple flake and core technology, differences between the northern and southern
sites has been attributed to differences in raw material availability in northern and southern New
Ireland.

Site description

Buang Merabak is situated c 150 m asl near the modern village Konogungus (Figure 3). The
cave has three chambers extending ¢ 30 m back. In 1985, one 0.5 m? and two 1 m? excavation
squares were excavated to a maximum of 1.65 m deep several metres in from the cave’s
entrance by Andree Rosenfeld as part of the Lapita Homeland Project (Rosenfeld 1997). In
2000, Matthew Leavesley excavated two further 1 m? squares to a depth of 2 m in between
Rosenfeld’s test pits, with extra material being collected between 2001 and 2002 (Leavesley
2004, 2005; Leavesley et al. 2002; Leavesley and Allen 1998; Leavesley and Chappell 2004). This

Lasigi Konogusngus Village

Buang Merabak

New Ireland

Kassa Creek

Figure 3. Location of Buang Merabak, New Ireland.
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work yielded detailed information on the site’s depositional history, sediment structure, and
faunal material (Leavesley 2004).

Shell midden, animal bones, stone and shell artefacts, and Celtis sp. seeds were recovered from
the excavations. Rosenfeld (1997) published a radiocarbon estimate of 31,990 + 830 BP (ANU6614;
shell) for the deepest stratigraphic layer but Leavesley (2004) excavated material at greater depth
and radiocarbon dated two shell samples from the base of his Unit 4 to produce a date of at least
42,000 cal BP (ANUA15808 shell: 39,090 + 550 BP, 43,587-42,093 cal BP 20; ANUA15809 shell:
40,090 + 550 BP, 42,770-41,584 cal BP 20) (original dates from Leavesley and Chappell 2004;
radiocarbon calibrations determined by OxCal (ver. 4.4) using Marine20 calibration curve (Heaton
et al. 2020)). There were four occupation phases at Buang Merabak (Units 1-4) from c.42,000 cal BP
to ¢.1,000 cal BP separated by three hiatus periods. The last phase, Unit 1, was occupied within the
context of Lapita colonisation and interaction within Near Oceania.

Previous studies on lithic technology of Buang Merabak

Rosenfeld (1997) briefly analysed the lithic assemblage from the 1985 excavation, concluding that
stone use was ‘opportunistic and infrequent’ and that alternative materials such as bamboo may
have been favoured. Shell tools have been recognised at Buang Merabak, Panakiwuk, Balof 2, and
Matenbek (Leavesley 2004, 42; Marshall and Allen 1991; White et al. 1991). Leavesley and Allen
(1998) also analysed the assemblage from Rosenfeld’s (1997) square 2B and described it as ‘tech-
nologically uncomplicated’, consisting of small flakes and angular fragments with no bipolar flaking,
little retouch, and some usewear, made of a variety of materials, mostly from river cobbles. The non-
obsidian lithic assemblage from the 2000 excavations has only been given a cursory description
(Henham and Leavesley 2004).

The obsidian assemblage has garnered more attention (Leavesley and Allen 1998; Leavesley and
Read 2011; Summerhayes and Allen 1993). Due to the lack of obsidian sources on New Ireland itself,
these artefacts reveal instances of raw material transport and inter-island exchange. Small amounts
of obsidian from Talasea, West New Britain, were introduced to south New Ireland around 20,000 BP
(Summerhayes and Allen 1993) (Figure 4). At Buang Merabak, it is argued that the first obsidian also
appears at 20,000 BP and this has been sourced to West New Britain (mostly to Talasea but with one
piece from Mopir at this early age) (Leavesley and Read 2011).

Faunal model for Buang Merabak

Late Pleistocene subsistence practices on New Ireland shifted from an original dominant strategy
focused on fruitbat and native fauna hunting, to another around 20,000 years ago, when evidence
for purposeful translocation of animals occurs, starting with the introduction of cuscus (Phalanger
orientalis) from the mainland of New Guinea at the site of Matenbek (Allen, Gosden, and White
1989). Generally, both strategies relied on highly mobile hunting and gathering between different
patches (coastal, cave, and forest). Allen, Gosden, and White (1989, 558) describe New Ireland
subsistence as a ‘rotational cropping system of exploitation” opportunistically targeting a wide
variety of mammals, reptiles, shellfish, fish, fruits, and nuts. Apart from the translocation of animals,
other evidence for change over time is present within the shellfish gathering, with over-exploitation
of local shellfish populations demonstrated at Matenbek, Matenkupkum, and Buang Merabak
around the start of the Holocene through the reduction of species size, concurrent with an increase
in the variety collected (Balean 1989).
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Buang Merabak itself was a desirable location economically as it was a natural roost for bats, close
to coastal beaches and mangroves, and surrounded by lowland rainforest. It has been argued that
the site was part of a pattern of high regional mobility as a dense hunting patch for bats (Dobsonia
anderseni and to a lesser extent D. praedrix), the remains of which dominate the early faunal record
(Units 4 and 3) (Leavesley 2004), although cuscus also appears for the first time in Unit 3. A dramatic
shift began in Unit 2, 13,280-7,860 cal. BP (original dates of ANU11543 shell and ANU 11540 shell in
Leavesley 2004, 80) as cuscus became the dominant protein species at Buang Merabak, with some
pademelon (Thylogale browni) also introduced. The arrival of cuscus and pademelon, species not
endemic to New Ireland, at all five New Ireland archaeological sites within 10,000 years of its first
occurrence indicates a conscious transport of these species from mainland PNG to improve protein
resources on the island (Figure 4).

As a result of changes in faunal structure, human mobility around Buang Merabak altered.
Leavesley (2004) notes that during early occupation of Buang Merabak, subsistence was focused
on the availability of high density bat resources that used the cave as a roost, supplemented by
occasional trips to the coast. This practice meant that there were high levels of regional mobility
between dense resource patches such as caves and short periods of time at each place to allow
the resources to regenerate or return. The arrival of cuscus and its subsequent dominance of the
faunal record from 13,000 years ago not only signifies a change in resource procurement
strategies, but also resulted in decreased residential mobility as stays at sites were longer term
for the hunting of dispersed low density cuscus in the surrounding area. The role of the cave
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therefore changed to become an occupation node for hunting trips, which is similar to the role
of the Balof shelters (White et al. 1991). While both the rainforest and marine zones were
regularly exploited, the forest environment consistently played a more important role to the
early inhabitants of mid-north New Ireland, as their coastal economies fluctuated in response to
sea level changes affecting resource productivity and foraging costs (O’Connell, Allen, and
Hawkes 2010). In light of these changing subsistence strategies and mobility patterns, the
question is what affect can be seen on the lithic technology and its overall organisation at
Buang Merabak?

Materials and methods

Due to the age of late Pleistocene sites in the Bismarck Archipelago, lithic artefacts are the most
common artefact type recovered. Links between lithic technology, subsistence strategies, landscape
learning, and mobility are well recognised in lithic studies but lithic assemblages are still too often
analysed independently of their environmental and subsistence contexts (Ford 2011). Yet, the
construction and organisation of lithic technology will fundamentally depend on the particular
subsistence strategy employed by the groups using it (Kuhn 1994). Different factors such as level or
type of mobility, types of tasks required to be undertaken, raw material availability, and exchange
networks available will all impact upon how a lithic technology is organised, including the different
stages of raw material procurement, manufacture, use, reuse, or recycling and final discard. Each of
these stages therefore has the ability to indicate why particular decisions are being made to
construct a technology in a particular fashion. A holistic approach, such as the chaine operatoire,
which examines the life history of an artefact, is therefore needed to understand the organisation of
the technology fully, and is particularly applicable to an ‘amorphous’ assemblage as this type of
approach looks beyond formal tool types to include the whole assemblage (debitage, raw material,
tools).

Sample and technological analysis

Stone artefacts from spits 9 to 40 (Units 2 to 4) of Leavesley’s (2004) test pit TP1B were selected
for analysis. These units date to 42-29k cal BP (Unit 4), 23.5-19k cal BP (Unit 3) and 13-7.8k cal
BP (Unit 2). Artefacts from spits 1 to 8 (Unit 1), dating to the Lapita Period of 3,300-1,000 cal BP
were excluded. The 15 obsidian artefacts from TP1B were also not included in the technological
analysis as this has been described previously (Leavesley and Read 2011) and were not available
for re-analysis. However, the counts and weights of obsidian in relation to the proportions of raw
material use at the site will be described below (Table 2). The sample (n = 1,034) was washed,
weighed, and analysed in detail at the Archaeology Laboratory, University of Otago, New
Zealand. Artefacts were identified to artefact class (flake, broken flake, angular fragment, or
core) and their technological attributes recorded such as presence/absence, and proportion,
location, and count (where applicable) for cortex, negative flake scars, flaking platforms, flaking
directions, usewear, and retouch. Metric data of weight, maximum thickness, length, and width
was recorded for each artefact, with the addition of axial length and width for each flake
(Holdaway and Stern 2004). Macroscopic usewear was identified as any edge damage such as
micro-flakes, striations, or gloss, identified with a hand lens (10x). Retouch was categorised as the
re-flaking of an artefact for edge rejuvenation or tool production, including the recycling of
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a flake as a core. The raw material of the stone artefacts were identified by Dr Mike Palin,

Department of Geology, University of Otago, New Zealand.

Results

Buang Merabak’s lithic technology is characterised by the production of a large number of small
flakes, mostly less than 5 g in weight and 30 mm in length (Figures 5 and 6). The small size of the
flakes do not greatly change over time (Figure 6). The majority of artefacts are unretouched flakes
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Table 1. Counts of each artefact class in each unit at Buang Merabak.

Artefact Class Unit 4 Unit 3 Unit 2 BM Total
Angular Fragments 168 132 135 435
Flakes 174 95 184 453
Broken Flakes 4 7 15 26
Tools 41 17 50 108
Cores 9 1 2 12
Total 396 252 386 1034

Table 2. Different raw materials at Buang Merabak by number, total weight and weight proportion to number.

Unit 2 (13-7.8k cal. BP)

Unit 3 (23.5-19k cal. BP)

Unit 4 (42-29k cal. BP)

Total Total Total
Weight Proportional Weight Proportional Weight Proportional

Material n (9) Weight (g) n (9) Weight (g) N (9) Weight (g)
Andesite 6 60.21 10.0
Andesite Crystal Tuff 10 17.73 1.8 1 0.56 0.56
Andesite/Dacite 5 4.85 1.0 6  89.05 14.8
Basalt 23 11257 4.9 3 10.34 34
Burnt Chert 3 146 4.9 47 115.78 25
Chert 169 731.68 43 95 416.19 44 122 594.32 4.9
Dacite 29  81.02 2.8 41 276.42 6.7
Diorite/granodiorite 94 20741 2.2 8 16.98 2.1 2 1.04 0.5
Hydrothermally altered 14 199 1.4 37 27312 7.4 26 126.87 49

igneous rock
Hydrothermally altered 1 137 137

dacite
Hydrothermally altered tuff 1 1.96 20
Limestone 5 35.03 7.0 28 74.34 2.7 67 244.64 37
Micro-gabbro 23 190.66 83 5 1691 34 2 422 2.1
Mudstone 4 55 1.4 2 8.01 4.0 45  419.71 9.3
Obsidian 10 5.6 0.56 2 3.2 1.6 1 0.1 0.1
Pink Chert 3 3.85 13
Porphyritic Dacite 48 131.27 2.7 16 67.11 4.2 16 94.08 5.9
Red Chert 1 0.97 0.97 28.77 3.2 9 45.6 5.1
Vesicular glassy volcanic 1 1.55 1.55

rock
Weathered Basalt 1 7.27 7.27
Weathered Porphyritic 2 1493 7.5

Dacite/Andesite

(n = 453) and angular fragments (n = 435) which suggests flake production occurred on site
(Table 1). Cores only account for 1.2% of the sample (n = 12), mostly from Unit 4. Just under 10%
of the total assemblage (108/1034) are tools, here defined as any artefact that has been used,
evidenced by macroscopic usewear or retouch.

Raw materials

Twenty-one types of sedimentary and volcanic materials were present within the Buang Merabak
assemblage (Table 2), nearly all of which are available within 20 km of the site. Sandy coloured chert,
available as river cobbles or as nodules within the limestone cave or surrounding bedrock, is by far
the dominant material for flake production and was consistently selected for tools (Figure 7). Other
lithic nodules and cobbles were sourced locally (<5 km) from the Lelet Limestone, as river cobbles
from the Dalum river system, and from further south from the Jaulu Volcanics and Lemau Intrusive
Complex (Figure 3). Mudstone is the only material that may be derived from river beds further north
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Figure 7. Proportion of raw material used for artefact classes over time at Buang Merabak.

near Panakiwuk (Hohnen 1978). Sedimentary and volcanic materials were sourced as river cobbles
from local rivers, with a thin worn river cobble patina, supplemented by material obtained from
natural outcrops, with a thicker, weathered cortex.

Across the three units there is a large shift in the proportions of the main lithic classes, notably an
increase in volcanic materials and decline in use of some sedimentary materials: limestone, mud-
stone, and red and pink cherts (Figure 8, Table 3). In particular, the use of Jaulu Volcanic materials
increases, resulting in the assemblage from Unit 2 consisting of sandy coloured chert and several
volcanic materials, including diorite/granodiorite, porphyritic dacite, basalt, micro-gabbro, and
hydrothermally altered igneous rock. The use of these volcanic materials may also mark a shift in
procurement strategies, as the cortex present on the diorite/granodiorite, porphyritic dacite, micro-
gabbro and basalt indicate that these were sourced from outcrops, rather than water-rolled river
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Table 3. Raw material changes over time at Buang Merabak.

Unit 4 Unit 3 Unit 2
N Weight (g) N Weight (g) N Weight (g)
Volcanics 102 655.6 86 502.99 204 670.44
Sedimentary 293 1382.86 137 541.91 179 773.18

cobbles, suggesting that people were returning to known outcrops of trusted materials rather than
searching local river systems for variable quality material.

A number (n = 50) of chert artefacts show evidence of burning, such as a change in surface colour
towards a pale pink, blue or white, evidence for potlidding, crazing (surface cracking) and a powdery
interior that made the artefacts very fragile and lightweight, which may indicate heat treatment of
stone (Figure 9). Burnt chert was largely present in Unit 4 but dropped out of use in the other two
periods, with only three retouched artefacts present in Unit 3. It is unclear whether the burning
occurred accidently after discard or intentionally to alter the stone’s properties. However, the level
of heat applied would appear to be detrimental to the chert’s properties, which may suggest either
it was completed incorrectly or it was accidental. That only chert appears to be burnt may be of
significance here.

Manufacture

As noted above, the presence of angular fragments, flakes, and cores suggests on-site manufacture,
although the number of cores present is limited and no hammerstones were identified. The highest
number of cores, angular fragments, and flakes are in Unit 4. The cores, with the exception of two
larger cobbles of chert, are generally of small size (ranging in weight: 1.09-117.38 g; maximum
length: 19-55 mm) with few appropriate platform angles remaining for flaking. All of the cores have
a low number of platforms (1-3), flaking directions (1-3), and negative flake scars (1-6, although one
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Figure 9. Burnt chert artefacts from Buang Merabak.

has 12). The low numbers of flake scars and platforms suggests that they were flaked non-intensively
until the core shape was unusable, then discarded. It is likely that this casual use of the cores was
a result of their largely being made of limestone and chert which can be readily sourced from nearby
riverbeds and outcrops. Most of the chert cores had been burnt. Of the obsidian artefacts, these
were all recorded as flakes or angular fragments, with no cores or tools identified, although it is not
clear if usewear was investigated (Leavesley and Read 2011).

Only one core of a more distant volcanic source (hydrothermally altered igneous rock) was
recovered, in Unit 3. Cores of favourable non-local materials may have been flaked and then carried
to the next camp for further use, although the overall small number of cores (n = 12) may indicate
that this may also have occurred for locally available raw materials such as chert. The majority of the
cores (n = 9) were recovered from the first occupation period (Unit 4), with one core in Unit 3 and
two in Unit 2.

Use: tools

The majority of artefacts at Buang Merabak have no evidence of use, either usewear or retouch.
Similar to the evidence of casual exploitation of the cores, tool production was also informal, and
was limited to longer and heavier flakes/angular fragments that were then either retouched and/or
used (Figures 5 and 6). Of the total assemblage (n = 1043), 10% of artefacts have been retouched
and/or used, classifying them as tools, and the proportion of tools remains generally low across the
three occupation periods of Buang Merabak (Table 1). Many of the tools also have low intensity of
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Figure 10. The intensity of usewear (percentage of circumference of complete tools) of different raw materials at
Buang Merabak.

use, with usewear or retouch on only 1-25% of the total edge, before breakage (Figure 10). Only five
tools have been retouched, with small scalar or dentate retouching for sharpening an edge.

Chert and hydrothermally altered igneous rock are the only materials that are consistently used
as tools over time at Buang Merabak (Figure 11). Other materials are used in small amounts,
including pink chert, burnt chert, limestone, dacite, and mudstone in Unit 4, micro-gabbro, por-
phyritic dacite, dacite, and andesite crystal tuff in Unit 3, and basalt, micro-gabbro, porphyritic
dacite, and diorite/granodiorite in Unit 2. Retouched tools are limited to chert, burnt chert and
basalt. These results indicate that volcanics and cherts are the main focus of the Buang Merabak
assemblage, with chert the most dominant raw material used as tools across all units. Limestone is
the second most common tool in Unit 4 but then reduces in importance with volcanics such as
porphyritic dacite and diorite/granodiorite increasing in number (Figure 7).

Intensity of use was generally low across all materials but with higher intensities for volcanics
(Figure 10). The proportion of volcanic artefacts with high amounts of usewear also increases over
time, again suggesting an increase focus on the use of these raw materials.

Discussion

The tool technology in play during the three occupation phases at Buang Merabak produced a large
number of small-sized flakes and angular fragments of a wide range of local volcanic and sedimen-
tary materials sourced from river beds and outcrops in the surrounding rainforest. However, there
are subtle changes in the lithic technology, primarily with regard to procurement strategies that can
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Figure 11. Basalt and chert tools with macroscopic usewear present on one or more edges.

be contrasted to the faunal model described by Leavesley (2004) to investigate landscape use in
a holistic fashion. To begin with, the initial occupation of the cave was suggested to be for the
specialised hunting of bats, particularly Dobsonia sp. This indicates that the cave was itself
a destination as part of a mobile hunting/gathering strategy. This mobility and destination is
mirrored in the lithic technology, as it is during this early stage of occupation that the widest variety
of raw materials are present, indicating sourcing from multiple locations across the landscape.
However, the lithic technology is also dominated in this period by locally available chert and
limestone, hence the lithic sources of the cave itself may indicate its use as a double procurement
strategy, for both bats and lithic material.

In the second stage of occupation, Unit 3, there is a change to the resources available, through
the introduction of cuscus (Phalanger orientalis) from the mainland and the importing of obsidian
from New Britain, although the amount of obsidian is limited. Both of these introductions represent
a transformation of the faunal and the lithic landscapes, moving beyond utilising what is locally
available to actually implementing an artificial change in the resource structure. This is an important
conceptual step, moving from utilising the local landscape to modifying and manipulating it.
However, at this stage, there appears to be little local impact upon the lithic technology at Buang
Merabak, which suggests that despite changes to the resource structure, the overall lithic technol-
ogy was still suitable as a response to these changes.

In the final stage of occupation, Unit 2, there is a divergence in lithic and faunal use. For the fauna,
shellfish exploitation changes in this time period, with an increase in shellfish diversity mirrored by
a decrease in shellfish size, likely as a result of overexploitation. At the same time, it is during this
period that cuscus becomes the dominant protein source. In contrast, the lithic sources decrease in
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diversity, with a greater focus on higher quality material obtained from known outcrops in the
Lemau Intrusive Complex. This divergence can be explained as a result of the different nature of the
faunal and lithic resource structure. The overexploitation of faunal species requires a shift in
procurement strategies to procure a similar resource base. The procurement of lithic raw material,
however, has not shifted as a result of overexploitation, but is more likely to represent a refinement
of procurement strategies, where known resources of high-quality raw materials have become the
focus of targeted use.

The lithic technology of Buang Merabak can also be compared to contemporary sites in New
Ireland, such as Panakiwuk, Balof 2, Matenbek and Matenkupkum, although these sites still remain
to have more substantial discussions of their lithics published. In New Ireland, the lithic technologies
of its small hunter gatherer population remained relatively stable across tens of thousands of years,
from first colonisation in the late Pleistocene into the early Holocene. This employment of a small
and unspecialised flaked tool kit, with infrequent retouch, continued against a scene of changing
subsistence and procurement behaviors during the Last Glacial Maximum. Such a pattern contrasts
with developments in larger tool types with formal morphologies on mainland Sahul, such as
waisted tools in PNG and ground stone axes in Australia and may be evidence of the isolation of
the Bismarck communities following initial colonisation, as seen in the genetic evidence.

Although it is not clear why a small tool and flake technology persisted in the Bismarck Archipelago,
it could be argued that the use of these small informal tools reflects a technological strategy suited to
the specific resource structure of New Ireland, both in terms of geology but also subsistence resources.
To begin with, quality raw materials appear relatively abundant within the New Ireland landscape,
therefore raw material can be acquired with relative ease, meaning that tool use can be expedient and
casual, reflecting the informal nature of the technology. At the same time, a small and low weight tool
kit that is portable but also highly adaptable in terms of uses, may be more suitable for groups that are
highly mobile. These strategies are a mixture of what Kuhn (1994, 2004) describes as provisioning the
individual (or the use of mobile tool kits) and provisioning the activity (where raw material is acquired
and used as needed, which is possible in rich raw material landscapes).

In terms of hunting strategies, there are no large terrestrial protein sources present in New
Ireland, with bats and subsequently cuscus, the main terrestrial meat sources. Neither of these
species are usually hunted with a lithic technology (Bulmer 1968; Hawkins, O’'Connor, and Kealey
2016; Leavesley 2004), with the exception of axes which are often used to fell trees which may have
cuscus present (Bulmer 1968), which also means that there was little need from the resource base to
create a specialised or formal lithic technology for hunting purposes. Subsistence challenges were
also not seasonal but geographical (Gosden and Robertson 1991, 21). A mobile toolkit made up of
a large number of consistent, small flakes in easily accessible but quality material supported human
mobility between patches of rainforest bound cuscus or caves that provided bats.

Around 20,000 BP there is a major shift with introductions of cuscus from mainland PNG and
obsidian from several locations in New Britain. Around this time, populations in the Bismarcks are
evidently on the move, possibly with a slight population increase, with new settlements at
Matenbek in south New Ireland and at Balof 2 and Panakiwuk in the north. The long distance
import of obsidian from New Britain is indicative of increasing frequency of interactions between
island groups and the defining of social territories (Summerhayes 2007) as instead of humans
travelling to and staying at a direct source, they are returning home with newly acquired resources,
whether through trade, gifting, or other social exchange. Connectivity throughout the Bismarcks in
this period appears to be stronger, with inter- and intra-island relationships between small groups
over thousands of years being developed through transport and trade of resources.
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The use of stone resources on New Ireland transitioned from a period of exploration and
experimentation towards preference of several key materials, with shifts from siliceous rocks in
the initial stages to increasing use of volcanics at the sites of Buang Merabak, Matenkupkum,
Matenbek, Panakiwuk and Balof 2 (Summerhayes and Ford 2014). This shift in procurement
strategies may reflect different behaviours. It has been argued above that the process at Buang
Merabak identifies landscape learning and a resulting preference for certain materials that were
of higher quality. However, for other sites, such as Matenkupkum and Matenbek, the focus on
volcanics has been considered to result from the depletion of siliceous rocks from the landscape
over time, therefore the shift may have been of necessity rather than choice (Allen, Gosden, and
White 1989; Leavesley and Allen 1998). Alternatively, it may also be argued that shifts in
mobility may have caused changes in raw material procurement strategies as previously used
sources may have been more difficult to access, although this is contrary to the Buang Merabak
evidence which shows that more distant volcanic sources were increasing in use. The problem
here is that without knowing the exact geological origin of many of the raw materials being
discussed, understanding the behaviours that drove changes in raw material selection are
difficult to interpret. There is a clear need here to understand more fully the structure of the
geological landscape available to the first colonists of New Ireland and the quality of the raw
materials.

In summary, while the logistics of exploitation of the coastal forest and marine environ-
ments were somewhat altered on New Ireland around the LGM with the introduction of
cuscus and over-exploitation of shellfish, the focus of resource gathering within the same
environmental zones and the environmental make up itself (species present, biodiversity, and
climate) changed little from the late Pleistocene to the early Holocene. Population size is also
estimated to have stayed small. Therefore, a small and flexible flake toolkit was the most
suitable within a mobile hunter gatherer subsistence system, utilising abundant and reliable
volcanic and sedimentary materials. Editing of this toolkit over time occurred as these groups
identified the best available lithic materials within relatively easy reach of hunting bases.

Conclusion

Intentional introductions of important mammal species and lithic materials from nearby PNG islands
highlight the adaptation and manipulation of a narrow and mountainous landscape covered in
tropical equatorial rainforest by people. A small and portable stone tool technology utilising local
abundances of stone, supplemented by small amounts of high-quality exotic obsidian, is evident at
Buang Merabak. By viewing this technology and toolkit within the context of late Pleistocene to
early Holocene small island environments, migration, and resource translocations it is clear that the
‘simple’ technology of the Bismarck Archipelago is intrinsically tied to human adaptation to different
geological and subsistence constraints to those of the larger landmasses of New Guinea and
Australia.
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