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Abstract
This study presents a detailed Lapita to Post-Lapita sequence/transition with chronology
at particular sites in west New Britain, through the medium of pottery analysis of style and
production. The data allow me to address the research questions: (1) the cultural change that
happened toward the end of Lapita, and (2) the issue of cultural continuity/discontinuity
between the Lapita and Post-Lapita periods.
This study identified a cultural change with greater break down and
regionalization/diversification of the Lapita societies in the Late Lapita phase around and after
2750/2700 BP. This study also identified detailed pottery characterization, production, and
provenance in west New Britain through compositional analysis, using a scanning electron
microscope (SEM), which helps in understanding the interactions in the Lapita and
Post-Lapita periods between west New Britain and other regions. In addition, this study
identified a distinctive vessel form of double spouted pots of Lapita pottery that might
originate from Island Southeast Asia, and demonstrates that after Lapita peoples had reached
the Bismarcks, they maintained contact with homeland communities in Island Southeast Asia,
and the double spouted pots were later introduced to the Bismarcks through interactions.
Key words: Lapita, culture transition, pottery, New Britain, Papua New Guinea, pottery
characterization, SEM, Austronesian, migration, interaction, Island Southeast Asia, Oceania.
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Chapter 1
Introduction

1.1 The Lapita Cultural Complex
1.1.1 Lapita Boundary
Lapita is an archaeological culture widely distributed in the southwest Pacific, including
the Bismarck Archipelago (the most northerly and westerly point), Solomon Islands, Vanuatu,
New Caledonia (the most southerly point), Fiji, Tonga, Wallis and Futuna, and Samoa (the
most easterly point) (Fig. 1.1).
In the latest study, pottery dated to around 3500/3300 BP was found on Koil Island on
the north coast New Guinea (in a project conducted by Summerhayes and his colleagues
including myself, paper to be published), which might extend the Lapita boundary further
west. The discovery of pottery at Koil might confirm the surface find of Lapita sherds at
Aitape by Leask (Swadling 1988), and on Ali Island by Terrell and Welsch (1997). In another
recent study, Lapita pottery was found in Caution Bay on the south coast of New Guinea,
dating from 2900 BP (David et al. 2012, McNiven et al. 2011). Those new discoveries have
extended the Lapita Boundary further west on the north coast of New Guinea and in a new
direction along the south coast of New Guinea.

Fig. 1.1 Lapita distribution in Southwest Pacific (from Bedford 2015).
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The area within the Lapita boundary is divided into Near Oceania and Remote Oceania
(Green 1991a), with a dividing line is placed at the end of Solomon Islands before the Santa
Cruz Islands. Human settlement of Near Oceania began in at least 50-40,000 BP (Pavlides and
Gosden 1994; Pavlides and Kennedy 2007; Summerhayes et al. 2010) tens of millennia before
the arrival of Lapita peoples (Green 1991a), while Lapita culture marked the first human
settlements in Remote Oceania (Green 1991a).
1.1.2 Lapita Chronology
1.1.2.1 Lapita chronology defined by Summerhayes
The chronology of Lapita culture has been divided into three phases by Summerhayes
(2000b; 2004; 2010).
In his 2000b article, Summerhayes defined Lapita chronology as follows: Early Lapita
3500/3300-2950 BP, Middle Lapita 2950-2750 BP, Late Lapita 2750-2350/2150 BP.
In Summerhayes’ 2004 article, Lapita chronology was defined as follows: Early Lapita
3500-3000/2900 BP, Middle Lapita 2900-2700/2600 BP, Late Lapita 2700/2600-2200 BP,
Post Lapita Transition phase 2200-1600 BP, and finally, the most recent 1600 years
(Summerhayes 2004).
In 2010, Summerhayes defined Lapita chronology as follows: Early Lapita 3300-3100
BP, Middle Lapita 3100-2900 BP, Late Lapita 2900-2000 BP.
These phases are heuristic devices and can be refined once more excavational evidence
becomes available (Summerhayes 2010:29). Summerhayes proposes these temporal phases to
replace the previous regional divisions of ‘Far Western’, ‘Western’ and ‘Eastern’ Lapita
Provinces. He argues that there were two-way interactions which continued throughout the
Lapita period between these provinces, and that the changes in Lapita pottery style were both
temporally and regionally influenced, so it may be more suitable to use these temporal terms
(Summerhayes 2000b).
The ‘Far Western Lapita Province’ includes the Bismarck Archipelago, ‘Western Lapita
Province’ includes Watom, Solomon Islands, Reef/Santa Cruz Islands, New Caledonia and
Vanuatu, and the ‘Eastern Lapita Province’ includes Fiji, Tonga and Samoa (Green 1978, 1979;
Anson 1983; Summerhayes 2000b). These are later refined as geographical boundaries, so
that ‘Far Western Province’ indicates the Bismarck Archipelago, ‘Central Province’ indicates
Reef/Santa Cruz and north and central Vanuatu, ‘Southern Province’ indicates southern
Vanuatu and New Caledonia, and the ‘Eastern Province’ indicates Fiji, Tonga and Samoa
(Bedford and Sand 2007). Of note is that the Solomon Islands are not allocated to any of these
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geographical provinces by Bedford and Sand (2007). As there were no Early/Middle Lapita
sites found in the western Solomon Islands, the theory of “Lapita leap-frogging or limping” is
still open to debate (Felgate 2007; Sheppard 2011; Sheppard and Walter 2006).
1.1.2.2 Lapita chronology proposed in this study
According to the literature review, and radiocarbon dates available from the Bismarcks,
the following refined phases are proposed for the Bismarck Archipelago:
(1) Early Lapita phase 3300-3000 BP (lasted for 300 years);
(2) Middle Lapita phase 3000-2700 BP (lasted for 300 years);
(3) Late Lapita phase 2700-2300 BP (lasted for 400 years);
(4) Transitional phase 2300-1700 BP (lasted for 600 years);
(5) Post-Lapita period 1700 BP onward.
This scheme is close to what Summerhayes proposed in his 2000b and 2004 publications
(see above). I apply this scheme to analyze the Arawes and Garua materials in this study.
Based on the review of pottery sequences (see Chapter 2), the Early Lapita phase was
restricted in the Bismarck Archipelago, and characterized by a dish, bowl, and pot stand
assemblage from the Mussau, where the dentate-stamped decoration was elaborate and the
face motifs were abundant (Kirch et al. 2015), or characterizated by a bowl and jar
assemblage from the Arawes, where dentate was predominantly found on bowls and pot
stands (Summerhayes 2000a:89, 152, 231). Of note is that the dishes and pot stands were
much more abundant at Mussau than at Arawes. 23% of dishes (n=97) and 34% of pot stands
(n= 143) were found in the assemblage at Talepakemalai in Mussau (Kirch et al. 2015). This
might indicate that Talepakemalai was the earliest Lapita site in the Bismarcks, as also
suggests by its earliest radiocarbon dates (Kirch 2001:219).
In the Middle Lapita phase after 3000 BP, Lapita peoples rapidly dispersed out of the
Bismarcks and into the rest of Lapita boundary (see Chapter 2). In the Bismarcks, the Middle
Lapita phase might be a continuous development from the Early Lapita phase. The difference
between the Early and Middle Lapita phases in the Bismarcks still needs to be investigated.
In the Late Lapita phase, around 2750/2700 BP onward, new decorative techniques were
appearing in the Bismarcks (see Chapter 2). Also, the later Lapita phase was mainly
characterized by an assemblage of jars, and correlates with a decline in dentate vessels of
bowls and pot stands (Summerhayes 2000a:228, 231).
The Transitional phase was identified by Stephanie Garling’s (2007) study. After
examining pottery from the Tanga Islands and making comparisons with other New Ireland
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pottery assemblages, Garling (2007) defined a “Transitional phase”, dated to between
2350-1900 BP, and characterized by sherds with a combination of dentate-stamping with
various decoration techniques. For example, at the Angkitkita (ETM) site, dated to 2360-2120
BP, one sherd was found to have combined dentate-stamping, incision, fingernail impression,
and appliqué (Garling 2003). Garling (2007:70-71) also suggests that this phase can be
applied to the entirety of Island Melanesia.
1.1.3 Lapita Cultural Assemblages
The Lapita Culture assemblage includes pottery (the archaeological signature being the
elaborate dentate-stamped decoration, in particular, face motifs), obsidian tools, shell artifacts,
ground stone adzes and axes, and the settlement pattern of stilt houses built on reef flats over
shallow water in earlier Lapita phases, while in later Lapita phases settlement had shifted onto
dry land.
1.1.3.1 Pottery
Elaborately decorated dentate-stamped pottery is the signature of Lapita culture, with
this decoration technique more finely executed in the earlier Lapita phase, and becoming
coarser dentate during the later Lapita phase. Summerhayes and Allen (2007) use a “costly
signalling” hypothesis to explain this elaborately executed decoration as a strategy for the
migration process. There are two reasons for making elaborate dentate-stamped pottery. (1)
The first is to develop peaceful relationship with the pre-Lapita residents who already living
in the area before the Lapita peoples’ arrival. This peaceful relationship was achieved by
showcasing or signaling Lapita peoples’ ability to make the elaborate dentate-stamped pottery,
which could be exchanged with the indigenous peoples for food or raw materials. (2) The
second reason is to maintain access to resources and marriage links between internal Lapita
communities (Summerhayes and Allen 2007). In other words, dentate-stamped pottery was
used as a migration strategy and to signal social identity, both internally and externally. That
dentate-stamping functioned as an expression of social identity is also indentified by Chiu
(2005, 2007, 2015).
1.1.3.2 Obsidian
Obsidian was an important resource, widely distributed within and outside the Lapita
boundary. The three main sources of obsidian within the Bismarck Archipelago are located at:
(1) Lou Island and Pam Island in the Admiralty Islands, (2) the Willaumez Peninsula in New
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Britain, and (3) Mopir source behind the Hoskins Peninsula, also in New Britain
(Summerhayes 2004; Torrence et al. 1992). Beyond the Bismarcks and within the Lapita
Boundary, there were another two important obsidian sources: the Fergusson Island on the
southeastern tip of New Guinea, and the Banks Islands on the northern Vanuatu
(Summerhayes 2009).
Obsidian can be used as an indication of Lapita chronology. For example, in terms of
technology, pre-Lapita obsidian tools were characterized by the distinctive ‘stemmed tools’
(Torrence 2004a; Torrence and Swadling 2008; Torrence et al. 2009), while during the Lapita
period, obsidian tools were mostly small flake pieces (Reepmeyer et al. 2010; Summerhayes
2007a; Torrence et al. 2000). In terms of obsidian source, the Mopir obsidian source was the
dominant source during the pre-Lapita period. It was subsequently buried under deep volcanic
tephra from the W-K2 eruption, which occurred sometime around 3480-3150 BP. It was not
until the later Middle/Late Lapita phases that Mopir obsidian was back in use (Anson et al.
2005; Petrie and Torrence 2008; Summerhayes 2004; Torrence 2004b).
Furthermore, the obsidian distribution network within the Bismarck Archipelago also
demonstrates a change in sources over time in each Lapita phase (Fig. 1.2) (Summerhayes
2004, Figure 3-Figure 7).
In the Early Lapita phase, the New Britain obsidian was predominantly found in the
assemblages at New Britain, New Ireland and Mussau, while Admiralty obsidian was only
exported to Mussau (with equal quantities of New Britain obsidian) and eastern New Ireland
in small quantities. In the Middle Lapita Phase, Admiralty obsidian became dominant in
Mussau, New Ireland and eastern New Britain, while New Britain obsidian was only
dominant in west New Britain. However, beyond the Bismarcks, New Britain obsidian
constituted the most common set of obsidian sources in Remote Oceania during the Middle
Lapita phase of migration (Galipaud et al. 2014; Ross-Sheppard et al. 2013; Sand and
Sheppard 2000). In the Late Lapita phase, Admiralty obsidian was dominant in Mussau, but
New Britain obsidian regained dominance in New Britain and New Ireland. In the
Transitional phase and the Post-Lapita period 1, New Britain obsidian was dominant in New
Britain, while Admiralty obsidian was dominant in Mussau and New Ireland (Summerhayes
2004, 2009).
Of particular note is that, while the Admiralty obsidian was never distributed to west
New Britain in large quantity, three pieces of Admiralty obsidian were however found in the
1

In Summerhayes’ 2004 article, the Transitional phase (2300-1700 BP) defined in this study is called ‘Post
Lapita Transition phase (2200-1600 BP)’, and the post-Lapita period (1700 BP onward) defined in this study is
called ‘Last 1600 years’.
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Arawe sites (one each from Apalo, Makekur, and Paligmate). This was probably the result of
epiphenomenal processes (Summerhayes, personal communication).

Fig. 1.2 Obsidian distribution network in each Lapita phase in Bismarcks (from Summerhayes
2004, Figures 3-7).
1.1.3.3 Shell artifacts
The shell artifacts of Lapita culture include adzes, fishhooks, armbands, rings, beads,
discs, and spikes (Bedford and Spriggs 2002; Kirch 2000; Szabo and Summerhayes 2002).
Shell artifacts were regarded as “exchange valuables, prestige-goods” for the Lapita societies
(Kirch 2000:114; Kirch et al. 2015). They are also used as evidence for cultural continuity
between the Lapita and Post-Lapita periods, as these non-ceramic artifacts show no change
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from the Lapita to Post-Lapita periods (Bedford and Spriggs 2002).
1.1.3.4 Settlement pattern of stilt houses built over shallow water
Lapita settlement pattern of stilt houses built on reef flats over shallow water is evident at
a number of earlier Lapita sites in the Bismarcks: the Talepakemalai site in the Mussau
Islands (Kirch 2000, 2001), the Makekur and Apalo sites in the Arawe Islands (Gosden and
Webb 1994; Summerhayes 2000a), the Tamuarawau site on Emirau Island (Summerhayes et
al. 2010a), and the Kamgot site on Anir (Summerhayes 2010). Lapita settlements seem to be
clustered on islands within inter-visible distance in the Mussau and Arawes (Gosden and
Webb 1994; Kirch 2000, 2001). The earlier Lapita stilt house settlements were shifted to
settlements on dry land during the later Lapita phase.
1.1.4 Origin of Lapita
There are two major research questions related to Lapita archaeology: one is the issue of
the origin of Lapita; the second is the transition of the Lapita culture and how it developed
into present day cultures in each region.
To date, the hypothesis that Austronesian peoples originated from Taiwan and then
migrated through Island Southeast Asia and into Oceania has been widely accepted (Bedford
and Sand 2007; Bellwood 1978, 1997, 2005; Blust 1988, 1995; Green 2003; Hung 2008;
Kirch 2000, 2010; Pawley 2002, 2007; Spriggs 1997; Tsang 2007). Some archaeologists
further suggest that those Austronesian peoples in Taiwan originated from coastal southern
China (Hung 2008; Jiao 2003; Tsang 2012). The widespread distribution of Lapita culture in
the Southwest Pacific is thought to have been brought in and developed by these Austronesian
peoples.
One of the major pieces of evidence to support this hypothesis is the discovery of
dentate-stamped pottery in northern Luzon in the Philippines, which appeared around 3700
BP (Tsang 2007; Hung et al. 2011). This belongs to the red-slipped pottery tradition, dating
from 4000 BP in northern Luzon (Hung 2008).
After leaving the Philippines, there were two possible routes by which the Austronesians
might have migrated into the Bismarcks: one through Island Southeast Asia and along the
north coast of New Guinea, and the other through Micronesia and down to the Bismarcks. In a
recent article, Mike Carson, Hsiao-chun Hung, Glenn Summerhayes and Peter Bellwood
further argue that the Lapita plain red-slipped wares reached the Bismarcks through Island
Southeast Asia and along the north coast of New Guinea, while the Lapita dentate-stamped
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wares originated from Micronesia and dispersed down to the Bismarcks (Carson et al. 2013).

1.2 What Happened at the End of Lapita
The end of the Lapita period is defined as the disappearance of dentate-stamping
decoration, which is the signature of the Lapita pottery style. This definition signifies the end
of the Lapita pottery style and Lapita period, and the beginning of the Post-Lapita period. As
Spriggs (1997:152) has noted, the Lapita culture was not only related to the pottery style.
Therefore, although dentate-stamping was dropped out, “the Lapita culture is still with us,
pointing to continuities in various material culture items, domestic animals, subsistence
techniques and language”. Kirch (1997:78) agrees that the end of Lapita was simply a change
in one aspect of material culture - ceramics.
To explain the cultural change at the end of Lapita, Spriggs synthesized the previously
proposed theories into five hypotheses, which “are not mutually exclusive and various
combinations of them might be considered” (Spriggs 1997:152-154). These five hypotheses
and further related arguments are as follows.
1.2.1 Trade and exchange systems contraction or specialization
This hypothesis was proposed by Jim Allen (1984, 1985) who suggests that a trade and
exchange system initially grew and was eventually broken down, due to the fact that the
social structures no longer had the ability to maintain a large scale system of exchange.
According to this hypothesis, the end of Lapita would show the trade and exchange systems
becoming more complex and their geographic territory shrinking. In other words, the trade
and exchange systems were becoming more regionalized.
Likewise, Kirch (1990, 2000:126) argues that the early Lapita exchange system
gradually transformed into several regional systems, and the Lapita peoples were settling
down towards the end of Lapita, as is evident in the linguistic subgroups of Oceanic
languages in the present day Bismarcks. Summerhayes (2000a:235) agrees with Kirch’s view
that the long distance network of the Lapita retracted into regional networks, and suggests that,
“where the fundamental nature of interaction does change is with the end of Lapita. This
regionalization is seen in part with the disappearance of dentate vessels. If dentate vessels
were social markers, then their change over time and their disappearance reflects a greater
social break-down”. This view is supported by Bedford and Sand (2007). Archaeologically,
the breakdown of trade systems may be seen in an increase of trade networks but a reduction
in the distance of trade (Spriggs 1997:155-157).
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1.2.2 Local adaptation
This hypothesis was proposed by linguist Andrew Pawley (1981), who suggests that the
Oceanic-Austronesian language speaking peoples who migrated into Melanesia initially kept
contact with each other because of economic needs, kinship and marriage ties, political
ambition of leaders, and love of adventure. However, these Lapita communities eventually
lost contact with their homeland communities due to population increase, and began
extensively exploiting the local and inland resources, and gradually set up inland settlements.
Kirch agrees with this hypothesis, and argues that Lapita peoples were gradually settling in at
the end of Lapita (Kirch 2000:126).
In Remote Oceania, “Adaptation to changing local conditions and constraints” has been
seen as a primary influence on the significant cultural change and development into
distinctive cultures by 2500 BP in each archipelago after the first Lapita settlement (Valentin
et al. 2014). In Vanuatu, a culture change happened from the Lapita period to the
Lapita-derived Erueti period at around 2800 BP, as at the same time the agricultural economy
became fully established. The culture change includes the dropping out of dentate-stamping
pottery style, the funerary practice becoming simpler and uniform, and the dietary emphasis
changed from marine resources to terrestrial resources (Valentin et al. 2014). In New
Caledonia, when the pottery style was changing from Lapita to Post-Lapita style at around
2750 BP, the settlements were moving inland, and the political systems probably also adapted
to a growing and geographically expanding polulation (Sand et al. 2011).
1.2.3 Socio-political transformation
This hypothesis was proposed by anthropologist Jonathan Friedman (1981, 1982), who
views Lapita as a widespread and initially hierarchical social organization with monopolized
prestige-goods trade systems necessary for marriage or other crucial payments. Over time,
this social structure was transformed into various political systems that can be found in today,
such as those that developed into the big man societies of Melanesia or theocratic feudalism in
Eastern Polynesia. The prestige-goods trade systems may have broken down due to increased
competition within the aristocracy or by environmental degradation, which in both cases
would lead to a declining hierarchy. Lapita prestige-goods included the beautifully executed
dentate-stamped pottery, decorative personal items made from shell, probably bird feathers
and woven products, and perhaps obsidian and stone adzes (Earle and Spriggs 2015). Kirch
(1988:113) further points out that these prestige-goods systems had advantages in the early
colonization stage when settling on previous uninhabited islands, because linking back to the
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homeland communities through these trade systems could provide marriage partners or
prevent resource shortage from unpredictable natural disasters.
This hypothesis is similar to the first and second hypotheses mentioned above, but places
more emphasis on the prestige-goods social system and its transformation into the political
structures found in the present day.
In a latest article, Earle and Spriggs (2015) apply the Marxist political economic
approach to understanding cultural change in the Lapita. They argue that the ability to control
the availability of prestige-goods and restrict their production was the foundation for the
emergence of stratified Polynesian societies, and that, on the other hand, resisting such control
created more decentralized structures throughout much of Melanesia.
1.2.4 Absorption by indigenous non-Austronesian-speaking groups
This hypothesis was proposed by Spriggs, who views Lapita as an originally intrusive
Austronesian-speaking cultural group moving into an already inhabited region. Over time,
two different linguistic and cultural groups developed an interactive society through
intermarriage and exchanges of technology, and gradually developed into the indistinct
Post-Lapita cultures (Spriggs 1997:158). This hypothesis emphasizes the Lapita peoples’
interactions with and influence from the indigenous Papuan-language speaking peoples.
Eventually, these interactions led to the cultural change. Summerhayes (2007b) also suggests
that Lapita social groups changed and transformed over a thousand years, interacting with
local non-Austronesian communities in the Bismarcks.
To verify this hypothesis first requires identification of the cultural assemblages
(including settlement patterns) of the newly arrived Lapita peoples and the indigenous peoples,
respectively. Next, it is necessary to identify the cultural influences between the two cultures
and how they changed over time. So far, archaeological research has placed greater emphasis
on the Lapita culture, resulting in insufficient knowledge about the cultures of indigenous
Papuan-language speaking peoples, particularly in the immediate pre-Lapita period.
1.2.5 Secondary migration
This hypothesis was proposed by Spriggs and, in turn, was based on the linguistic
hypothesis proposed by Ross (1988, 1989, 1996). In Ross’ (1988:351, 1989) “Western
Oceanic” hypothesis, New Britain was the homeland of the three Western Oceanic
Austronesian language subgroups. The three subgroups are the north New Guinea subgroup,
Meso-Melanesian subgroup, and the Papuan Tip subgroup (Fig. 1.3).
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Fig. 1.3 Western Oceanic Austronesian language subgroups (from Ross 1996).
This hypothesis suggests a dispersal of peoples from New Britain to the three regions, in
which the initial dispersal center might be located on the north coast of New Britain,
specifically around the Willaumez Peninsula (Ross 1989). One path of dispersal was from
New Britain, possibly to New Ireland, Bougainville, and the north-western Solomons, which
formed the Meso-Melanesian subgroup. Based on this hypothesis, Spriggs (1997:159)
suggests that the spread of the Meso-Melanesian subgroup may be related to the replacement
of Lapita pottery by the “Incised and Applied Relief” pottery. That is, this spread of languages
may equate with a secondary migration of peoples, bringing the pottery style of the
Post-Lapita period from the Bismarcks to the south and east, and probably as far as Fiji.
Because this secondary migration involved Lapita peoples from the Bismarcks, their material
cultures were quite similar, except for a change in pottery styles. Moreover, this secondary
migration may represent a more mixed population together with the non-Austronesian peoples
in the Bismarcks, which forms the present day populations of Vanuatu, New Caledonia and
Fiji (Spriggs 1997:159). Spriggs uses this hypothesis to explain why the appearance of people
in Vanuatu, New Caledonia and Fiji differs from the Polynesian peoples who are no doubt
direct descendants of the Lapita. However, as it relates to Vanuatu, this hypothesis is rejected
by Bedford (2006), who suggests that the Post-Lapita Mangaasi style came from the
Lapita-derived Erueti style, rather than emerging due to a new migration of people from the
west, who introduced the “Incised and Applied Relief” pottery style. However, Summerhayes
(2007) and Kirch (2000) agree with the scenario put forward by Spriggs, of further
movements of people between the Bismarcks, Vanuatu, and New Caledonia.
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Ross’ (1988, 1989) hypothesis also suggests a secondary migration of people from New
Britain through Vitiaz Strait to the north coast of New Guinea. However, the timing of this
secondary migration is unknown (Ross 1989). Lilley (2002, 2004) suggests that this
movement was caused by the W-K3 volcanic eruption near the Willaumez Peninsula on the
north coast of New Britain, which occurred between 1740-1540 BP (Petrie and Torrence
2008).

1.3 Cultural Continuity between Lapita and Post-Lapita Periods
In the Southwest Pacific, Jim Specht was one of the first archaeologists to present a
detailed Lapita to Post-Lapita pottery sequence in his work on Buka Island in the northern
Solomon Islands (Specht 1969, Spriggs 2004). Following Specht, Kennedy (1982), and other
pioneering studies (eg. Garanger 1971, 1972), Spriggs argues that (1) there was cultural
continuity from the Lapita to immediate Post-Lapita pottery styles; and (2) the immediate
Post-Lapita pottery styles in different regions of the western Pacific were similar and kept
contemporary stylistic changes until at least 1500 BP (Spriggs 1984, 1997, 2003, 2004). This
argument implies that those who made Lapita and Post-Lapita pottery were the same
Austronesian peoples, and the Austronesian peoples in Post-Lapita period also continued to
interact with each other over a large area until at least 1500 BP in the western Pacific.
The cultural continuity between the Lapita and Post-Lapita periods is agreed by Kirch
(1997:78), and so far suggested in the Admiralty Islands (Kennedy 1981a; Wahome 1995,
1997), Watom Island (Green and Anson 2000b), and Buka Island (Summerhayes 1997;
Wickler 2001: 72, 168) in Near Oceania, as well as in all Remote Oceania regions within the
Lapita Boundary, including the Reef/Santa Cruz Islands (Doherty 2007:473), Vanuatu
(Bedford 2006), New Caledonia (Sand 1999), Fiji (Burley 2005; Nunn 2007), Tonga (Burley
et al. 2015; Connaughton 2007), and Samoa (Teele 2012).
The Post-Lapita pottery sequences have been called “Incised and Applied Relief” pottery
styles in Island Melanesia, and are regarded to have appeared around 2000 BP onward
(Garanger 1971; Garling 2003; Kennedy 1982; Spriggs 1997; White and Downie 1980). The
distribution of the “Incised and Applied Relief” pottery is thought to be as wide as that of
Lapita pottery in Melanesia, from the Bismarck Archipelago and all over Island Melanesia
(Kennedy 1982, 1983; Spriggs 1997; Wahome 1995, 1997).
However, based on their work in Vanuatu and Fiji, Bedford and Clark question the
similarity of Post-Lapita pottery styles as the Melanesia-wide inter-connected “Incised and
Applied Relief” tradition. They also question the suggested inter-archipelago contact that
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caused the stylistic similarity of pottery (Bedford 2000b, 2006; Bedford and Clark 2001;
Clark 2009). Bedford suggests that the similarity of the immediate Post-Lapita pottery styles
may be due to continuities inherited from the founding Lapita tradition, rather than continued
inter-archipelago contact, and that archaeological research needs to focus on the establishment
of much more detailed regional sequences within each archipelago, and on what happened
after the Lapita period (Bedford 2006:263-265). Bedford also suggests that a comparison of
pottery sequences should not only focus on the decorative techniques, but also consider vessel
forms, motif designs, and firm chronological control (Bedford 2006: 263). Bedford and
Clark’s research implies that the foundation of cultural diversity in Island Melanesia was set
up at the end of Lapita period as points out by Spriggs (2003:207). In other words,
interactions across large archipelagos reduced during the Post-Lapita period, when Island
Melanesia was developing into its regionalized cultures and networks.

1.4 Pottery Production and Exchange Patterns of Lapita and Post-Lapita
Periods
The change in pottery production and exchange pattern could be an indication of culture
change.
1.4.1 Early Lapita
Based on a study of pottery assemblages from the Arawe Islands, Summerhayes
(2000a:225-229) models the Early Lapita pottery production pattern, in which different
temper sands were mixed with different clay sources to produce pottery of different vessel
forms and decorations locally at each Lapita site (each pottery production center) (Fig. 1.4).
Summerhayes (2000a:226-228) argues that this production pattern indicates a mobile
society, in which the potters themselves were moving and communicating between
settlements, and this explains how the different settlements produced Lapita pottery
assemblages with uniform style.
1.4.2 Late Lapita
Summerhayes (2000a: 225-229) argues that the Late Lapita phase saw a reduction in the
use of temper sands and clay sources (Fig. 1.5). This indicates a decrease in the potters’
mobility, and a shift to a more sedentary settlement pattern.
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Fig. 1.4 Early Lapita pottery production pattern (from Summerhayes 2000a, Figure 11.40).

Fig. 1.5 Late Lapita pottery production pattern (from Summerhayes 2000a, Figure 11.39).
14

1.4.3 Post-Lapita
Post-Lapita pottery production has been modeled by Summerhayes (2000a) and
Summerhayes and Allen (2007), indicating the emergence of various regional pottery
production centers and trade networks. This produced its own specialized, standardized, and
distinctive trading pottery, with each production center using its own temper sand and clay
source (Fig. 1.6). Regional pottery production centers and trade networks were well
developed during the Post-Lapita period, as evidenced and identified in the Port Moresby
region by Allen (1984), in the Mailu region by Irwin (1985), and in the Vitiaz Strait region,
where it gradually evolved into the ethnographically recorded pottery trading network (Lilley
2004, 2007).

Fig. 1.6 Post-Lapita pottery production pattern (from Summerhayes 2000a, Figure 11.38).
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1.5 The Scope and Research Questions of This Study
1.5.1 Research questions
This study aims to identify the detailed Lapita to Post-Lapita pottery sequence/transition
from the Arawes and Garua, including change in pottery style and production, about which
the data allow me to evaluate the following questions in west New Britain: (1) what was the
cultural change that occurred toward the end of Lapita, and (2) was there cultural continuity
or discontinuity between the Lapita and Post-Lapita periods?
In addition, this study investigates the nature of a distinctive vessel form of double
spouted pots and its distribution and meaning.
1.5.2 Methodology
Stylistic analysis (decoration and vessel form) and compositional analysis (temper sand
and clay paste) of pottery are applied to identify the transition and address the research
questions. The detailed methodology is presented in Chapter 3.
1.5.3 Pottery assemblages
The pottery assemblages examined in this study are derived from the Arawe Islands and
Garua Island in west New Britain in the Bismarck Archipelago in Papua New Guinea (Fig.
1.7), including the following five archaeological sites: Apalo (FOJ 2), Makekur (FOH) and
Winguru (FNZ) from the Arawes, and FSZ and FAO from Garua.
In the Arawes, the Early, Middle, and Late Lapita pottery assemblages had already been
identified and reported. The Early Lapita pottery was concentrated at the Makekur (squares
D/E/F) and at the Paligmete site, the Middle Lapita pottery was concentrated at the Makekur
(square G/H) and Apalo (squares O1-O4), and the Late Lapita pottery was concentrated at the
Apalo (squares O1-O4 upper units) (Summerhayes 2000a, 2004, 2010). However, a detailed
record of Late Lapita/Transitional and Post-Lapita pottery assemblages in the Arawe Islands
has yet to be published. Due to the currently meager evidence of Post-Lapita sequences in
northern New Guinea-Vitiaz Strait-west New Britain region, Lilley (2004) argues that the
Post-Lapita pottery sequence in the Arawe Islands urgently needs to be resolved.
On Garua Island, Late Lapita/Transitional pottery assemblages are available from the
FSZ and FAO sites, and included in this study to give a comprehensive understanding of west
New Britain.

2

Archaeological site code registered in Papua New Guinea.
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Fig. 1.7 Research area of this study (from Summerhayes 2000b, Figure 2).
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Chapter 2
Pottery Sequences within the Lapita Boundary

In this Chapter, I review pottery sequences within the Lapita boundary, to help in
understanding when Lapita ended, stylistic transitions in pottery toward the end of Lapita, and
the suggested cultural continuity or discontinuity between the Lapita and Post-Lapita periods
in each region.
I focus on the pottery sequences in Near Oceania, including the north coastal New
Guinea, Vitiaz Strait, south coastal New Guinea, Bismarck Archipelago (Admiralty Islands,
New Britain, New Ireland), Buka Island, and western Solomon Islands. In addition, I also
briefly mention the pottery sequences in Remote Oceania, including Reef/Santa Cruz Islands,
Vanuatu, New Caledonia, Fiji, Tonga and Samoa.

2.1 Pottery Sequences in Each Region
2.1.1 North coastal New Guinea
On the north coast of New Guinea (Fig. 2.1), so far only two dentate-stamped Lapita
sherds were found from the Aitape area.

Fig. 2.1 North coastal New Guinea (from Gorecki 1992, Figure 2).
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The first Lapita sherd is an unprovenanced sherd (Fig. 2.2a) collected around the Aitape
area, or perhaps on one of the nearby offshore islands during World WarⅡ (Swadling 1990;
Swadling et al. 1979, 1988, 1989; Terrell and Schechter 2011). The second Lapita sherd (Fig.
2.2b) is a surface collection on Ali Island off the Aitape coast (Terrell and Welsch 1997;
Golitko 2011). Further compositional analysis might be able to identify whether these two
Lapita sherds were locally made in the Aitape area or whether they originated from
somewhere else. The dentate-stamped sherd from Ali Island was analysed by Golitko
(2011:264), the clay geochemical result shows that this sherd is more similar to the Sepik
coast pottery, but Golitko does not rule out the possibility that it may originate from the
Bismarcks.

Fig. 2.2 Aitape Lapita sherds (from Swadling et al. 1988, Figure 44; and Golitko 2011, Figure
13.6).
In the Vanimo area on the north coast of New Guinea, pottery was discovered at the two
near-coastal rockshelter sites of the Taora (RIU) and Lachitu (RIQ) at Fichin, west of Vanimo
town (Gorecki et al. 1991; Gorecki 1992). Pottery was also found at the RIS open site,
adjacent to the current reef near the Taora rockshelter, but the RIS site is disturbed (Gorecki
1992). Two pottery styles were identified: “Fichin tradition” (Fig. 2.3a-i) and “Vanimo
tradition” (Fig. 2.3j-l) (Gorecki 1992). Fichin tradition was the earlier pottery style,
manufactured by paddle and anvil technique, with a thin wall (average 4 mm), and tempered
by fine coral beach sands (Gorecki 1992). Vanimo tradition was added to the pottery sequence
in the more recent levels, which is “thick wall, coarser, less well made and very similar to the
20

contemporary Vanimo style” (Gorecki 1992). Gorecki (et al. 1991) suggests a time period of
human activities covering the last 2100 years for the Taora rockshelter and at least the last 700
years for the Lachitu rockshelter.

Fig. 2.3 Vanimo pottery sequence (Fichin style: a-i; Vanimo style: j-l, from Gorecki 1992,
Figure 3-Figure 8).
Originally, radiocarbon dating of the Fichin style back to 5400 BP led Gorecki to suggest
that, before the Lapita pottery emerged, there could have been an inter-island trade network of
21

non-Lapita pottery stretching from mainland New Guinea to New Caledonia, between the
Vanimo pottery and the Lossu, Lasigi, Buka, Mangaasi, and Podtanean pottery (Gorecki
1992). However, from the evidence to date, we know that these pottery styles came after the
Lapita pottery. Nevertheless, Gorecki suggests a similarity between these pottery styles. The
Taora rockshelter was re-excavated in 2004 by O’Connor, who found that there was a hiatus
in deposition beginning about 7000-6000 BP, and that human activities recommenced only
within the last 2000 years (O’Connor et al. 2011). O’Connor argues that neither pigs nor
pottery arrived on mainland New Guinea before 3000 BP (O’Connor et al. 2011). As a result,
the pottery found in the Vanimo area was dated to 2000 BP onward.
From the Aitape area on the north coast of New Guinea, four prehistoric pottery wares
have been identified, starting from 2100 BP and lasting into recent times (Fig. 2.4). It is
suggested that these chronologically related pottery wares belong to a single pottery making
tradition (Terrell and Welsch 1997; Terrell and Schechter 2011). The four pottery wares from
the Aitape area are as follows:

Fig. 2.4 Aitape pottery sequence (from Terrell and Schechter 2011, Figure 7.1).
(1) Nyapin Ware, dated to around 2100-1500 BP. Decorations of Nyapin ware include
fine-line incision, fine-line linear or wavy scoring, shell impression, and stick impression.
Vessel forms include bowls and platters, which were usually washed with red clay slip prior to
firing (Terrell and Schechter 2011:88-90).
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(2) Sumalo Ware, dated to around 1500-1000 BP. Decorations include sticklike tool or
comblike dentate tool impression, wavy or random scoring, and stick impression. Vessel
forms include bowls, everted rim jars (pots), and platters. Most vessels are washed with red
clay slip (Terrell and Schechter 2011:88-90).
(3) Aiser Ware, dated to around 1000-500 BP. Decorations include diagonally scored line,
stick impression, appliqué knobs, appliqué bands, punctuate-appliqué bands. Incisions were
usually executed below the above decorations. Vessel forms include bowls and everted rim
jars (pots), which were commonly decorated with notched lip and incisions inside the rims.
Red clay slip was applied on the bowls (Terrell and Schechter 2011:90).
(4) Wain Ware, no radiocarbon date is available. Decorations include incision or stick
impression of herringbone motif design, and rare appliqué knobs. Vessel forms include pots
and bowls. Red slip was no longer used (Terrell and Schechter 2011:90).
2.1.2 Vitiaz Strait
In the Vitiaz Strait region (Fig. 2.5), five pottery styles are identified as follows (Lilley
1999, 2002, 2004, 2007; Lilley and Specht 2007; Specht et al. 2006).

Fig. 2.5 Vitiaz Strait (from Lilley 2004, Figure 1).
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(1) The first pottery style is Lapita pottery (Fig. 2.6a-i), found at the KLK site on Tuam
Island, which is so far the only known Lapita site in the Vitiaz Strait. The Lapita settlement at
the KLK was dated to 3150-2750 BP (Lilley 2002), but also dated to 3320-2360 BP by Specht
and Gosden (1997).
(2) The second pottery style is Type Y pottery (Fig. 2.6j-l), dated to 1700-850 BP at the
KLK site, but which may be associated with a radiocarbon age of 2300 BP (Lilley 2002).
However, Lilley suggests that Type Y was only made from 1700 BP onward and circulated
through the Post-Lapita trading network in the region. It may originate from west New Britain
and link with contexts from the Arawe Islands (Lilley 2002, 2004).

Fig. 2.6 Vitiaz Strait Lapita (a-i) and Type Y (j-l) pottery (from Lilley 2002).
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(3) The third pottery style is Sio pottery (Fig. 2.7), which was produced at the coastal
villages of Sio, Nambariwa and Gitua on the Huon Peninsula (Lilley 2007; May and Tuckson
2000:148-151). So far, Sio pottery has been found as far away as the Kove Islands on the
north coast of New Britain (Lilley 1991, from Specht and Torrence 2007b). Sio pottery is
divided into a three-phase sequence by Lilley (2007). The first phase dated back to
1700-600/500 BP, when Ancestral Sio was found in small quantities at the KLK site on Tuam
Island and at the KBQ site at Sio village. Vessel forms in this phase were dominated by the
incurving everted rim form (Class 2), decorated by single-tool incision (STI), gash incision
and stick impression. The second phase was dated to 600/500-350/300 BP, when Sio pottery
production started to reach intensive and specialized levels for trade. The production center
was Sio village. Vessel forms were dominated by the outcurving or everted rim form (Class 1),
and decorated by double-tool incision (DTI), including linear and wavy comb incisions. The
final phase was identified as from 350/300 BP to the present day, with further intensification
of trading networks across the Vitiaz Strait, as recorded in ethnographic data. Decoration was
initially dominated by wavy comb incision, and subsequently changed to single-tool incision
(Lilley 2002, 2007).
(4) The fourth pottery style is the Madang pottery that appeared at the Sio site around
1300-1000 BP and lasted into present day. Madang pottery was mainly produced at Yabob
Island, Bilibili Island and possibly Mindiri village in Astrolabe Bay, south of Madang (Lilley
2002, 2007; May and Tuckson 2000:163-173). Lilley (2002) suggests stylistic similarities
between Madang pottery and Sumalo pottery, with the latter dating to 1500-1000 BP on the
Aitape coast (Terrell and Schechter 2011:88-90).
(5) The fifth pottery style is Type X pottery, which was manufactured somewhere on the
Huon Peninsula and dated to around 1000-500 BP (Lilley and Specht 2007). The appearance
of Type X pottery is described as “hard and usually shiny and greasy-feeling red-brown finish”
(Lilley 1988a:92). So far, Type X pottery has been found on the Huon Peninsula and its
adjacent islands, in west New Britain, including the Arawe Islands (Summerhayes 2000a), at
the FLE site at Awakuo in Kandrian (Lilley and Specht 2007), on the Kove Islands off the
north coast of New Britain (Lilley 1991, from Specht and Torrence 2007b), and at the FABI
site at the Numundo Plantation on the Willaumez Peninsula (Lilley and Specht 2007).
According to the pottery sequence from the Vitiaz Strait region, Lilley suggests that there
was a 1000-year hiatus after Lapita, from 2750-1750 BP, in the north New Guinea-Vitiaz
Strait-west New Britain region (Lilley 2002).
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Fig. 2.7 Vitiaz Strait Sio pottery (from Lilley 2007).
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2.1.3 South coastal New Guinea
There are five chronologically sequential pottery traditions (Fig. 2.8) identified at the
Bogi 1 site at Caution Bay on the south coast of New Guinea (David et al. 2012; McNiven et
al. 2011):

Fig. 2.8 Caution Bay pottery sequence pre-2000 BP (from David et al. 2012, Figure 1).
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(1) Lapita Tradition, dated to 2900-2500 BP. Vessel forms include thick-walled, carinated,
and sometimes collared vessels. A single cylinder stand was found, but no flat bottom dishes.
Dentate-stamping decoration was executed with needlepoint and relatively broad-toothed
dentate, usually decorated with Anson’s (1983) motif collection No. 16 and 496, but face
motifs are absent. Incision was also absent. Red-slipping was applied (David et al. 2012).
(2) Post-Lapita Transformative Tradition, started to appear around 2500 BP, and ended
around 2150 BP (David et al. 2012) or 2250 BP (McNiven et al. 2011). This phase was
characterized by “sparsely-decorated, shell valve end-impressed curvilinear designs and
structurally simple geometric comb dentate-stamped designs below the lip” (McNiven et al.
2011).
From the description, it is likely that this pottery style was not Post-Lapita but rather
from the Late Lapita/Transitional phase, which still showed the Lapita dentate-stamped
designs.
(3) Linear Shell Edge-Impressed Tradition, dated to a short time period of 2150-2100 BP
(David et al. 2012). This phase was characterized by “shell valve end-impressed dentate
designs” (McNiven et al. 2011), and still shows the Lapita dentate-stamped designs.
(4) Umbo-Bordered Shell Back-Impressed Tradition, dated to 2100-1650 BP (David et al.
2012). This pottery style was found on Yule Island (Vanderwal 1973) and at Port Moresby
(Allen 1972). In the region of south coastal New Guinea, this is called “Early Papuan Pottery
(EPP)” (Allen et al. 2011). Indeed, it could be argued that the Linear Shell Edge-Impressed
Phase was just an earlier extension of EPP.
(5) Various Incised Tradition, dated to 1650-1000 BP (David et al. 2012). This style has
been reported by various scholars (Bulmer 1978; Allen 1972; Vanderwal 1973), and has
recently been found in well-dated archaeological contexts in the Gulf region, but these
discoveries have not yet been published (David et al. 2012). These all belong to the EPP.
McNiven and his colleagues have further argued that, as red-slipped pottery dating back
to 2500 BP has been found in the Torres Strait region (McNiven et al. 2006), Lapita sites will
eventually be discovered in this region, and perhaps on the east coast of Australia (McNiven
et al. 2011).
Another recent find is a plain pottery site, dated to 2800-2300 BP, on Wari Island off the
southeastern tip of New Guinea (Negishi and Ono 2009).
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2.1.4 Admiralty Islands
Four pottery wares are identified in the Admiralty Islands 3 (Fig. 2.9): Lapita ware,
M’buke ware, Sasi ware, and Puian ware (Ambrose 1991, 2002; McEldowney and Ballard
1991; Kennedy 1981a, 1981b, 1982; Wahome 1995, 1997).

Fig. 2.9 Admiralty Islands and the key archaeological sites (from Ambrose 1991).
(1) Lapita ware. So far only a handful of Lapita sherds (Fig. 2.10) were found at three
sites: the Kohin Cave (GDN) site on the southeast coast of mainland Manus (Kennedy 1981a),
the Mouk (GLT) site on Mouk Island, and the Paemasa (GFR) site on Baluan Island
(McEldowney and Ballard 1991).
At Kohin Cave, four Lapita dentate-stamped sherds (Fig. 2.10a-d) were taken from layer
7-9. A date derived from the surface of layer 10 on Tridacna shell, originally 3900±100 BP,
was corrected to the equivalent charcoal age of 3450±100 BP (ANU 2248). Layer 10 is the
lowest layer with a few plain red-slipped sherds (Kennedy 1981a). This date was later revised
to 4070-3480 BP by Specht and Gosden (1997). However, if using a △R of 320 years, as
suggested by Petchey et al. (2004), for the Mussau Islands, which are located in the same
south equatorial current set as the Admiralty Islands, it would yield an age of 3680-3480 BP
for the surface of layer 10. Therefore, the four Lapita sherds from layer 7-9 would fall into the
age after this time period.
3

The Admiralty Island pottery collections were derived from the previous archaeological excavations by Jean
Kennedy, Wal Ambrose, McEldowney and Ballard. I am grateful to Jean Kennedy and Wal Ambrose for offering
me the pottery collections to examine and photograph and discussing the excavation contexts with me when I
was visiting the Australian National University in August 2012. Photographs of the pottery collections were
taken during this visit and no scales were photographed with these sherds. Therefore, Fig. 2.10 does not present
their true relative size.
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Fig. 2.10 Admiralty Islands Lapita sherds: (a-d) Kohin Cave; (e-k) Mouk site; and (l) Paemasa
site (the illustrations of sherds had been published in Kennedy 1981a and McEldowney and
Ballard 1991; photo courtesy Jean Kennedy and Wal Ambrose).
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At the Mouk site, Lapita sherds (Fig. 2.10e-k) are reported by McEldowney and Ballard
(1991, Figure 7). One sherd was decorated by shell impression combined with plain arc
stamping (Fig. 2.10e). One sherd was decorated by shell impression and probably combined
with dentate-stamping (Fig. 2.10f). One sherd is an outcurving horizontal rim, decorated with
shell impression inside the rim (Fig. 2.10g). One sherd was decorated with Anson’s (1983)
Lapita motif collection No. 496, but executed with plain arc stamping (Fig. 2.10h). One sherd
was decorated with the typical Lapita fine vertical incision, executed above the carination (Fig.
2.10i).
Of note is that one sherd (Fig. 2.10j) was decorated with Anson’s (1983) motifs
collection No. 9, but executed with plain arc stamping and less elaborate and simplified, and
also combined with shell impression. This sherd coexisted with a Sasi sherd (Fig. 2.10k) in
the same stratigraphic layer (spits 5-6) at the Mouk site, and the Sasi ware has been dated to
around 2100 BP (Ambrose 1991). This indicates that the simplified Lapita decorative style
might be a transitional specific style, and appeared around 2100 BP to coexist with
Post-Lapita Sasi ware.
At the Paemasa site, one Lapita sherd (Fig. 2.10l) was discovered by surface collection
(McEldowney and Ballard 1991, Figure 7). This is an outcurving horizontal rim sherd,
decorated with dentate-stamping inside the rim. This Paemasa Lapita sherd is similar to the
Middle Lapita sherd found at Apalo (see Fig. 5.7c).
Judging from the handful of Lapita sherds found in the Admiralty Islands, Lapita pottery
might have occurred in the Early Lapita phase, as evidenced at the Kohin Cave, and a Middle
Lapita sherd was also found at Paemasa site. Late Lapita/Transitional pottery style may have
lasted until around 2100 BP, as is evident at the Mouk site.
(2) M’buke ware is the second pottery style identified in the Admiralty Islands (Kennedy
1981b, Figure 5; Wahome 1995, Figure 3.23-3.25). The M’buke ware is characterized by
short coarse/rough incision, designed as house motifs, square motifs, arrowhead motifs, and
cross-hatch motifs (Fig. 2.11). There were also appliqué wavy strips, appliqué knobs, and
stick impression found on the M’buke ware. Of particular note is that the house motif designs
of the M’buke ware are identical to the Lapita house motifs of Anson’s (1983) collection No.
245-247 (Fig. 2.11).
The M’buke style is identified from the M’buke site on M’buke Island (Kennedy 1981b).
Based on my own examination on the Admiralty Islands pottery collections 4, M’buke style
4

Wahome (1995) reported on the pottery collections from the Admiralty Islands. However, the images in his
thesis did not point out the provenance (in particular from which site), but grouped them according to decorative
attributes.
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Fig. 2.11 Admiralty Islands M’buke ware at M’buke site (from Kennedy 1981b, Figure 5) and
Linkul site.
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pottery is found at Pisik School site on Lou Island, and at the Lenkau and Liuliu sites on the
Rambutso Islands, which are both offshore islands south of mainland Manus. As Kennedy
(1981b) has noted, M’buke Island was the production center that kept producing pottery until
recently. Kirch (2000:127) mentioned that the Post-Lapita pottery found in the Mussau Islands
was imported from the Admiralty Islands, but he did not point out which pottery ware had
been imported. The distribution of Admiralty Islands pottery will require further investigation
in future.
(3) The third pottery style is Sasi ware, characterized by a horizontal rim with parallel
short coarse/rough incision decorations on the neck and inside the rim (Fig. 2.12) (Ambrose
1991; Wahome 1995, Figure 3.26, 3.30, 3.33). Sasi ware is identified from Lou Island, and
dated to 2100 BP (Ambrose 1991). This radiocarbon date was derived from the volcanic ash
layer, which sealed the underlying soil layer that contained the Sasi ware. It indicates that
settlement in the Sasi ware bearing layers was earlier than the volcanic eruption (2100 BP),
and abandoned at or before the time of the eruption. This does not rule out the possibility that
Sasi ware appeared earlier or lasted longer anywhere other than Lou Island. As indicated
above, at the Mouk site, a Sasi sherd and a simplified Lapita sherd coexisted in the same
stratigraphic layer.
(4) The fourth pottery style is Puian ware, characterized by a rolled rim with shell
impression and appliqué strips/bands on the neck and inside rim (Fig. 2.12) (Ambrose 1991;
Wahome 1995, Figure 3.18- 3.20). A date of 1650 BP was derived from the volcanic tephra
overlying the soil layer that contains the Puian ware on Lou Island (Ambrose 1991). Again,
the date does not rule out the possibility that the Puian ware appeared earlier or lasted later
somewhere other than Lou Island.
According to my own examination of the Kohin Cave pottery assemblage, the Puian
sherds and the Sasi sherds coexisted in Layer 4 5. Layer 4 charcoal was dated to 2070±120 bp
(ANU 2089) and 1910±90 bp (ANU 2215) (Kennedy 1981a). In addition, another date of
2310±120 bp (ANU 2212) was dated on charcoal from Layer 5, which contained the Puian
ware. This suggests that the Puian and Sasi wares might have coexisted around 2000 BP, and
possibly as early as 2300 BP. More research is needed to confirm this scenario.
Other decorative techniques were also found in the Admiralty collections, including
perforation (Wahome 1995, Figure 3.11), brushing (Wahome 1995, Figure 3.12), and
fingernail impression found at the Pamwak site (GOD) on south coast of Manus, and at the
Umleang site (GBJ) and Pisik School site (GBC) on Lou Island (Wahome 1995:45, Figure
5

The Sasi and Puian wares were not specifically distinguished in Kennedy’s (1981b) article.
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3.21). Wahome (1995:45) noted that complete vessels decorated with fingernail impression
were dated to 1900 BP at the Pisik School.

Fig. 2.12 Admiralty Islands Sasi ware and Puian ware (from Ambrose 1991, Plate 1 and 2).
2.1.5 Mussau Islands
In the Mussau Islands, Kirch (2001:219) reports that Early Lapita settlements definitely
started from 3350 BP, and could have been as early as 3550 BP at the palaeobeach
terrace/Area A at the Talepakemalai (ECA) site, where was dominated by plain red-slipped
everted rim vessels, and only two dentate sherds were found with simple motif design (Kirch:
2001:85). Vessel forms at the Talepakemalai site were dominated by an assemblage of dishes,
bowls, and pot stands, in which the dentate-stamping was elaborate and face motifs were
abundant (Kirch et al. 2015).
Kirch also suggests that dentate-stamped decoration started to decline and gave way to
incision technique between about 2950-2650 BP (1000-700 BC) (Kirch 2000:127). A
transition from coarse dentate-stamping to incised decoration occurred from around 2750 BP
(800 BC) (Kirch 2001:219), with other decorative techniques such as fingernail impression,
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shell impression, and punctuation also appearing at this time (Kirch 2000:127).
During the period 2750-1450 BP (800 BC-500 AD), there was a hiatus in the pottery
sequence, and most of the sites on those offshore islands were abandoned. However, Kirch
believes that future research on the large main island will certainly find the sites from this
time (Kirch 2001:219).
From 1450 BP (500 AD) onward, the pottery sequence in the Mussau Islands continued
up to the time of European contact (Kirch 2001:219). This pottery was imported from the
Admiralty Islands (Kirch 2000:127).
2.1.6 South coastal New Britain
Dentate-stamping combined with fingernail impression was found on one sherd (Fig.
2.13a) at the Kreslo site (Specht 1991). However, no radiocarbon date is available for this
sherd.
2.1.7 Willaumez Peninsula on north coastal New Britain
Early, Middle, and Late Lapita pottery have been identified and reported from the
Willaumez Peninsula and, in particular, the Talasea area. The Early and Middle Lapita pottery
was found at the Boduna site (Ambrose and Gosden 1991; Specht and Summerhayes 2007;
White et al. 2002) and on Garua Island (Specht and Torrence 2007b). The Late Lapita pottery
was found at the FSZ and FAO sites and other sites on Garua Island (Specht and Torrence
2007b). In the Willaumez Peninsula, at the FABK site, one possible simplified Lapita sherd
was decorated with Anson’s (1983) motif No. 9, but less elaborate, and executed with plain
arc stamping (Fig. 2.13b) (Specht and Torrence 2007a). This sherd could be of a Transitional
context.

Fig. 2.13 Possible Late Lapita/Transitional sherds in New Britain: (a) Kreslo site (from Specht
1991, Figure 7c), and (b) FABK site (from Specht and Torrence 2007a, Figure 9D).
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2.1.8 Watom Island and Duke of York Islands in eastern New Britain
Early and Middle Lapita pottery was found at the SAC site on Watom Island, and dated
to 3200-2900 BP (Anson et al. 2005:23; Summerhayes 2010). Late Lapita pottery was found
at the SDI site C4 layer, and dated to 2700-2350 BP (Anson et al. 2005:23; Summerhayes
2010). Transitional pottery was found at the SCI site, dated to 2300-2150 BP, at the SAC site
C2 layer, dated to 2150-1900 BP, and at SDI site C3 layer, dated to 2150-1800 BP (Anson et
al. 2005:23; Summerhayes 2010). Immediate Post-Lapita pottery was probably present at the
SAC site C2 layer dated to 2000-1550 BP (Anson et al. 2005:23; Summerhayes 2010). Green
and Anson (2000b) suggest that the pottery sequence on Watom Island shows evidence of a
transition to the immediate Post-Lapita pottery style. This suggests a possible cultural
continuity between the Lapita and immediate Post-Lapita periods. However, the detailed
pottery sequence has not yet been published.
In the Duke of York Islands, Lapita pottery was found at the SET site, dated to
3150-2920 BP (SUA-3064) and 2950-2750 BP (SUA-3063), at the SEE site, dated to
3050-2850 BP (SUA-3082), and at the SDP site, dated to 2850-2700 BP (SUA-3061)
(Summerhayes 2010; White 2007; White and Harris 1997). By comparing to the Watom
assemblage, Lilley (1991) suggests that pottery assemblages at the SDN and SDK sites in the
Duke of York Islands might date to around 2400-1900 BP.
2.1.9 New Ireland
Early Lapita pottery was found at the Tamuarawai (EQS) site on Emirau Island, dated to
3360-2960 BP (Summerhayes et al. 2010a), and at the Kamgot (ERA) site on the Anir Islands,
dated to 3350-3100 BP (Summerhayes 2010). Middle Lapita pottery was found at the
Malekolon (EAQ) site and at the Balbalankin (ERC) site on the Anir Islands, dated to
2900-2700/2600 BP (Summerhayes 2004). Late Lapita pottery was found at the Mission
(ERG) site on the Anir Islands, dated from 2700/2600 BP to c. 2200 BP (Summerhayes 2004),
at the Lesu (Lossu) site (White and Downie 1980), and the Dori site and Mission site at Lasigi
on the east coast of New Ireland (Golson 1991, 1992). Transitional phase pottery was found at
the Lesu (Lossu) site (White and Downie 1980) and the Dori site and Mission site at Lasigi
(Golson 1991, 1992), at the Lamau site on the west coast of New Ireland (Gorecki et al. 1991),
and at several sites on the Tanga Islands (Garling 2003, 2007).
At the Lesu site, the Late Lapita/Transitional phases were dated to 2780-2160 BP (GaK
2441) (Specht and Gosden 1997), at a depth of 4 m below ground at mount Ⅴ (White and
Downie 1980). Pottery from this site was decorated with coarse/rough incision and appliqué
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strips, appliqué strips and knobs, stick impression, and scalloped rim (Fig. 2.14) (White and
Downie 1980).

Fig. 2.14 Late Lapita/Transitional pottery at Lesu (a-e) and Lasigi (f-p) on the east coast of
New Ireland (from White and Downie 1980, Figure 1; Golson 1991, Plate 2).
At Lasigi, the Transitional phase dated to 2120-1720 BP (ANU 5851) at the Dori site
phase 4 layer, and dated to 2120-1720 BP (ANU 5852) at the Mission site phase 3 layer
(Golson 1991; Specht and Gosden 1997). In addition, there was also pottery found in the Dori
phase 2 layer, which is underneath the Dori phase 4 layer, but no radiocarbon dates are
available. The pottery in the Dori phase 2 layer was decorated with plain arc stamping 6 (Fig.
2.14f) and shell impression 7 (Fig. 2.14g). The pottery in the Dori phase 4 layer was decorated
6

The decoration of this sherd was described as “fine incision inside strongly everted rim” by Golson (1991).
However, it is actually plain arc stamping decorated with Anson’s (1983) motif No. 35.
7
The decorations on this sherd were described as “small tool impressions above carination” by Golson (1991),
but these are actually shell impressions.
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with coarse dentate-stamping (Fig. 2.14h, i), a cut notched band 8 (Fig. 2.14j, k) on the
carination, a notched band directly above the carination (Fig. 2.14l, m), and poked knobs (Fig.
2.14n), where the knobs were poked from inside of the rim (Golson 1991). In addition, the
pottery in the Mission site phase 3 layer was decorated with appliqué knobs (Fig. 2.14o). Also,
a surface sherd from Lasigi was decorated with appliqué knobs (Fig. 2.14p) (Golson 1991,
Plate 2). Notched rim sherds were found in the Dori phase 2 and phase 3 layers, notched rim
and plain rim sherds were found in the Dori phase 4 layer, and scalloped rim sherds were
found in the Mission phase 3 layer (Golson 1991).
At the Lamau site, radiocarbon dating from carbon remains inside the Lapita fine
incision jar (Fig. 2.15a) yielded a date of 1680±200 BP (ANU 5518) (Gorecki et al. 1991),
and was later revised to 2010-1180 BP (Specht and Gosden 1997).

Fig. 2.15 Transitional phase pottery at Lamau site on the west coast of New Ireland (from
Gorecki et al. 1991, Plates 1 and 2).
Post-Lapita pottery was also found in New Ireland at the Panakiwuk site (Marshall and
Allen 1991) and Madian site (Ambrose 1976, 1978) in northern New Ireland, at sites on the
offshore islands of Tabar, Lihir, Tanga, and Anir in southern New Ireland (Ambrose 1976,
1978), and at sites on the west and east coasts of New Ireland (White 1997). At the
Panakiwuk site, four sherds were found in the upper unit A, and dated to the last 1600 years.
Three of these are plain, and one is decorated with fingernail impression. It is suggested that
these four sherds came from Lou Island in the Admiralty Islands, as evidenced by the
presence of Lou Island obsidian (Marshall and Allen 1991).
8

The decorations on these two sherds were described as “fingernail impressions on and above carination” by
Golson (1991), but they are actually cut notched bands.
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2.1.10 Buka Island
A pottery sequence with six pottery styles (Fig. 2.16) is identified on Buka Island from
prehistory to the present day: Lapita/Buka style, Sohano style, Hangan style, Malasang style,
Mararing style, and Recent style (Specht 1969; Wickler 2001).
(1) Lapita style and Lapita-derived Buka style, with the Lapita style dated to 3200-2500
BP and defined as the early Lapita phase, and the Buka style dated to 2500-2200 BP and
defined as the late Lapita phase (Wickler 2001:6).
(2) Sohano style, dated to 2200-1400 BP (Wickler 2001:6). The decorations of the
Sohano style were divided into three substyles: plain lip, incision, and incision and relief
(Specht 1969:195-199).
Most notably, a few sherds of the Sohano style were found together with Buka style
sherds in the basal layers at sites at the Sohano Hospital (DAA) and Hangan (DAI) (Specht
1969:214; Specht and Gosden 1997). Furthermore, the chemical analysis of clay pastes
suggests that the Buka and the Sohano sherds were produced using the same clay source, and
is evidence for cultural continuity between the Buka and Sohano (Summerhayes 1997). The
cultural continuity between Buka and Sohano is also suggested by Wickler (2001:72, 168).
The Sohano style demonstrates similarity with other Transitional phase pottery. Firstly,
the short coarse/rough incision of house/square motifs of Sohano style (Fig. 2.16c) resembles
the M’buke ware in the Admiralty. The same motif was also applied to the succeeding Hangan
style (Fig. 2.16h). Secondly, parallel appliqué strips of the Sohano style (Fig. 2.16e) and
Hangan style (Fig. 2.16j) resembles the Puian ware in the Admiralty, and the Mangaasi ware
in Vanuatu (Garanger 1971). Thirdly, the triangle incision motifs of the Sohano, Hangan, and
Malasang styles under the rims of inward bowls/pots were identical to the Mangaasi ware in
Vanuatu (Garanger 1971, 1972, 1982). However, Bedford (2006) suggests that there is no
similarity between the Buka ware and the Mangaasi ware. Also of note is that stick impression
technique was applied to the Sohano style.
(3) Hangan style, dated to 1400-800 BP (Wickler 2001:6). The three substyles included
punctuate (stick impression) and incision, punctuate (stick impression) and relief, and incision
and relief decorations (Specht 1969:199-203).
(4) Malasang style, dated to 800-500 BP (Wickler 2001:6). The two substyles were
incision and comb incision (Specht 1969:204-207).
(5) Mararing style, dated to 500-300 BP (Wickler 2001:6), is defined by adding new
attributes to the preceding Malasang comb incision substyle (Specht 1969:207-210). Of note
is the presence of the Kepa vessel form in the Mararing style, which was an example of the
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Recent pottery style (Specht 1969:207-210).
(6) Recent style, dated to 300-0 BP (Wickler 2001:6), has persisted to the present day
(Specht 1969:215), which the decoration consisted of mainly comb incision (Fig. 2.16o-q).

Fig. 2.16 Buka pottery sequence (from Specht 1969).
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2.1.11 Solomon Islands
In the New Georgia Island group in the western Solomon Islands (Fig. 2.17), Lapita
sherds were surface collected from the intertidal zone at the Honiavasa site and sites in the
Roviana Lagoon (Felgate 2001, 2003), and at sites on Kolombangara Island (Summerhayes
and Scales 2005). These sites are assigned to the Late Lapita phase/style by the pottery
decoration and vessel form (Felgate 2007; Summerhayes and Scales 2005). The Late Lapita
style is also recognized by Sheppard and Walter (2006).

Fig. 2.17 Inter-tidal sites in the Western Solomon Islands (from Sheppard et al. 2015).
At Roviana Lagoon, a radiocarbon date was obtained from fine soot on the exterior sherd
surface at Hoghoi site, and dated to 2860-2550 BP (NZA 1253). Another radiocarbon date
obtained from charcoal remains on the sherd surface at the Paniavile site was dated to
2340-1920 BP (AA 33504) (Felgate 2003:454, Table 46). It is suggested that the pottery
sequence started from the Lapita-derived Honiavasa style, followed by the
Miho/Garanga/Kopo styles (Felgate 2003; 2007) (Fig. 2.18).
For the Honiavasa style, a Lapita sherd was decorated with a combination of
dentate-stamping, fingernail pinch, deep incision and perforation on the lip (Fig. 2.18d)
(Felgate 2001:49; 2003, Figure 45). In addition, two sherds, described as “wavy stamping”
(Felgate 2003, Figure 49), actually contain shell impression (Fig. 2.18b) and shell impression
combined with appliqué strips (Fig. 2.18c). Of the three latter styles, the Miho style was
41

Fig. 2.18 Roviana Lagoon Late Lapita/Transitional pottery (Honiavasa style: a-d; Miho style:
e-i; Gharanga style: j-o; Kopo style: p-r) (from Felgate 2003, Figures 45 and 49; and Felgate
2007, Figure 3-Figure 5).
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characterized by fine vertical incision combined with fingernail impression (Fig. 2.18e-i). The
Gharanga style was characterized by fingernail impression combined with circle-stamping
and perforation (Fig. 2.18j-o). The Kopo style was characterized by circle-stamping (Fig.
2.18p-r). In addition, notched rims, scalloped rims, and appliqué knobs were also found
(Felgate 2003).
At the Poitete site on Kolombangara Island, twenty eight sherds were found, fifteen of
which were decorated (Summerhayes and Scales 2005).

Fig. 2.19 Kolombangara Island Late Lapita pottery: Poitete: a-k; Tanhuka: l-q (from
Summerhayes and Scales 2005, Figure 3-Figure 5).
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The dentate-stamped sherds at Poitete site were decorated with a combination of various
decorative techniques, including plain arc stamping 9 (Fig. 2.19d), plain arc stamping and
appliqué (Fig. 2.19c), and appliqué strips and knobs (Fig. 2.19e). Summerhayes and Scale
(2005) note that these sherds were less elaborately executed in comparison to those in the
Early and Middle Lapita phases. For example, the dentate-stamping cut across band markers
on two sherds (Fig. 2.19a, b), while on another sherd, the dentate-stamping went into the
appliqué strips (Fig. 2.19e). One sherd was decorated with a row of appliqué knobs combined
with horizontal incision (Fig. 2.19g). Also found were fine vertical incision (Fig. 2.19f) and
notched rims (Fig. 2.19h-k).
Two vessel forms are identified at the Poitete site: outcurving rim with carinated
shoulder jars and everted rim with globular body pots (Summerhayes and Scales 2005).
At the Tanhuka site on Kolombangara Island, out of the eleven decorated sherds, no
dentate-stamped sherds were found. Most had notched or scalloped rims. One with a row of
appliqué knobs was circle-stamped on the knobs (Fig. 2.19l) (Summerhayes and Scales 2005).
Fingernail impression was combined with wide incision and circle-stamping on one sherd
(Fig. 2.19o). Two vessel forms are identified: jars/pots and an incurving bowl/pot (Fig. 2.19l).
Summerhayes and Scales (2005) note that the incurving bowl/pot vessel form was rare in
Lapita assemblages, with one recorded in later levels at the Apalo site in the Arawe Islands.
However, this vessel form was common in later assemblages, such as the Sohano style from
Buka, Mangaasi style from Vanuatu, and Plum style from New Caledonia.
2.1.12 Reef/Santa Cruz Islands
The Reef/Santa Cruz Islands are the starting point of Remote Oceania. Lapita settlement
was previously regarded as having started by at least 3200 BP (Green et al. 2008). This dated
back to 3250-2750 BP at the SE-RF-2 site, and 3300-2900 BP at the SE-SZ-8 site
(Summerhayes 2010). However, in a recent article, Sheppard, Chiu and Walter (2015)
re-excavated and re-dated the SE-SZ-8 site, and the result of dating shows that the site was
settled much later in time, and dates to 2900-2700 BP. From this result they argue that the
initial settlement of Remote Oceania started not much earlier than 3000 BP, which indicates a
very rapid Lapita dispersal to most of Remote Oceania (Sheppard, Chiu, and Walter 2015).
After Lapita, plainware was produced for a period and ceased at around 2050-1850 BP
(100 BC-100 AD), and the overall archaeological evidences exhibits continuity from
9

Summerhayes and Scale (2005) described the decoration, which I describe as ‘plain arc stamping’, as “incised
stamped design”. My description, in turn, follows Specht and Torrence (2007a, 2007b). The ‘plain arc stamping’
was usually applied with Anson’s (1983) motif no. 9, 35, 496, basically arc designs.
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decorated Lapita sites to the plainware sites (Doherty 2007:473).
2.1.13 Vanuatu
It was previously suggested that Lapita dispersal reached Vanuatu around 3150 BP
(Bedford and Sand 2007). However, this date was recently revised to some time around
3000-2900 BP (Bedford 2015; Petchey et al. 2015). The Vanuatu pottery sequences started
from Lapita ware, including dentate and incised vessels and plainware vessels from across the
archipelago. Around 2800/2700 BP, the dentate-stamping dropped out quickly in the sequence,
and was replaced by the plainware phase, with a more restricted range of vessel forms (Fig.
2.20) (Bedford 2006:172-173). Of particular note is that the Vanuatu pottery sequence
demonstrates continuity from the Lapita-derived Erueti ware to the Mangaasi ware, beginning
around 2300 BP in central Vanuatu (Bedford 2006; Spriggs 2003).

Fig. 2.20 Vanuatu pottery sequences (from Bedford 2006: 173, Figure 8.16).
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In northern Vanuatu, the Malua plainware phase was dated to 2700-2500 BP in Malekula
(Bedford 2006:168). However, the pottery sequences after Lapita, including plainware, are
still being established (Bedford 2006:172-173). In central Vanuatu, the Arapus plainware was
dated to 2900-2800 BP, and developed into the Early Erueti plainware, which was dated to
2800-2500 BP in Efate. The Early Erueti ware was replaced by Late Erueti ware by c. 2500
BP. Following this, the Mangaasi ware started from 2300 BP, and pottery production ceased
around 1200 BP (Bedford 2006:161, 172-173). In sourthern Vanuatu, the Ponamla plainware
was dated to 2800-2600 BP in Erromango, followed by the Early Ifo ware around 2600 BP.
Pottery production ceased around 2000 BP (Beford 2006:158, 172).
Bedford (2006) defines lip modification wares as plain wares, a definition also applied to
this study. In Vanuatu, the Malua plainware has a modification of notching on the lip. The
Arapus plainware is characterized by globular pots with outcurving rims, and frequently
incorporated notching on the lip (Bedford 2006:161). The Early Erueti ware contained both
plainwares (Bedford 2006:162, Figure 8.6) and decorated wares, consisting exclusively of
incised motifs and notching on the lip (Bedford 2006:161-163, Figure 8.6). The Ponamla
plainware is largely restricted to outcurving rim vessels, with decoration being limited to very
occasional notching on the lip. This was replaced by the Early Ifo ware, with a multitude of
primarily fingernail incised motifs from c. 2600 BP (Beford 2006:158). Of note is that the
Early Erueti ware has incision decoration, and the Ealy Ifo ware has fingernail impression.
2.1.14 New Caledonia
Lapita dispersal reached New Caledonia between 3050-3000 BP, and dentate-stamping
dropped out around 2750 BP (800 BC) (Sand 1999, 2001; Sand et al. 2011). The chronology
of pottery sequences in New Caledonia is shown in Fig. 2.21.
In the Lapita period of New Caledonia, decorations include dentate-stamping, incision,
shell impression, and plain ware. The end of the Lapita phase demonstrates an increase and
diversification in incision motifs, the appearance of a series of simplified dentate-stamped
motifs, and in some sites, the development of more shell impression wares. In addition, the
Podtanean ware was developing internally from the Lapita assemblage but continued well
after the demise of dentate-stamped decoration. Podtanean ware was “slightly carinated pots”,
decorated with paddle impression (Sand et al. 2011).
After Lapita, the Kone period started around 2750 BP, and regional pottery styles
gradually diversified. In the northern Grande Terre (the largest island of New Caledonia), the
pottery sequence retained the Podtanean ware. This was followed by the Pindai ware, or
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“simple ovoid pots with incurved rims”, decorated with shell impression and appliqué bands.
The Podtanean ware disappeared around 2150 BP (200 BC) on the northwest coast of Grande
Terre (Sand et al. 2011). In southern Grande Terre, the pottery sequence of Podtanean ware
was then followed by the Puen ware, or “oval shape pots with incurved rims”, decorated with
chevrons or triangular incisions under the lip (Sand 1999; Sand et al. 2011). In the Loyalty
Islands, the pottery sequence was followed by short-lived production of local pottery, which
was decorated with “specific sorts of incision”. After this, the local pottery production ceased.
Instead, people in this area imported Podtanean pottery from the northeast coast of Grande
Terre, indicating the development of a regional exchange network (Sand et al. 2011).

Fig. 2.21 New Caledonia pottery sequences (from Sand et al. 2011, Figure 12).
Next, the Naia period started around 1950 BP (1 AD) and following the Traditional
Kanak Cultural Complex period, the pottery sequence in the northen Grande Terre preceded
the Balabio ware and then the Oundjo ware, while in the southern Grande Terre, the pottery
sequence was followed by the Plum ware and then the Nera ware (Sand et al. 2011).
2.1.15 Fiji
Lapita settlement in Fiji dated to between 3000/2900-2500 BP (Burley 2005; Clark 2009;
Nunn 2007; Nunn and Petchey 2013). After Lapita, the pottery sequence was followed by the
subsequent Fijian Plainware phase, then the Navatu phase, which is characterized by carved
paddle impression (Burley and Dickinson 2004; Burley 2005). Burley (2005) argues for
cultural continuity between the late Lapita and the Fijian Plainware phase, which was
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developing from the initial Austronesian settlement. However, he suggests that the transition
from Fijian Plainware to Navatu ware was abrupt, and attributable to the influences of a
population movement from Vanuatu. As evident at the Sigatoka sand dune site, the Fijian
Plainware phase was dated between 1500-1400 BP (450-550 AD). After this was a transition
into the Navatu phase, between 1400-1300 BP (550-650 AD). Burley argues that the
emergence of Navatu ware is the evidence of diversification in Fiji, and a similar pattern of
diversification can be seen in different regions of Melanesia in approximately the same time
period. On the other hand, Clark (2009) argues that the shared vessel forms and decorations
between the Fijian Plainware and the Navatu ware indicate a connection between these two
wares, rather than a rapid replacement of Fijian Plainware by Vanuatu-influenced Navatu
assemblages. Nonetheless, Clark suggests that the similarities should be properly explored
between New Caledonian paddle impressed ware and Fijian Plainware and Navatu ware.
2.1.16 Tonga
The pottery sequence in Tonga started with the Lapita style, dated to 2850-2650 BP, and
was followed by the Polynesian Plainware dated to 2650-1550 BP. After 1550 BP, pottery
ceased to be produced on Tonga (Burley 1998; Burley et al. 2001, 2015; Connaughton 2007).
In addition, there was continuity between Polynesian Plainware and the Lapita style (Burley
et al. 2015; Connaughton 2007).
2.1.17 Samoa
The Lapita dispersal reached Samoa around 2800 BP (Cochrane et al. 2013; Reith et al.
2008; Teele 2012). The pottery sequence in Samoa started with the Lapita pottery in
2800-2500 BP, and was followed by the Polynesian Plainware, which dates back to
2500-1550 BP (Cochrane et al. 2013; Teele 2012). Production of Polynesian Plainware ceased
by 1550 BP (Burley 2005), and was probably replaced by wooden bowls (Teele 2012:165).
Teele suggests a strong cultural continuity between the Lapita and subsequent Plainware
phases, and the Samoan identity is descended from the Lapita people who first settled on the
islands (Teele 2012:164-166).

2.2 Summary
From the literature review, the pottery sequences in each region within the Lapita
boundary are summarized in Table 2.1.
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Table 2.1 Pottery sequences within Lapita boundary.
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2.1.1 First Lapita settlement in each region
Based on the latest research, Lapita settlements from the period 3300-3000 BP were
restricted to the Bismarck Archipelago, then rapidly dispersed to the rest of the Lapita
boundary after 3000 BP (Bedford 2015; Nunn and Petchey 2013; Petchey et al. 2015;
Sheppard et al. 2015). Lapita peoples arrived in the Admiralties and Mussau around
3450/3350 BP, and reached New Britain and New Ireland in 3350 BP, the south coast of New
Guinea in 2900 BP, Reef/Santa Cruz in 2900 BP, Vanuatu in 3000/2900 BP, New Caledonia in
3000 BP, Fiji in 3000/2900 BP, Tonga in 2850 BP, and finally Samoa in 2800 BP.
2.2.2 The end of Lapita in each region
In Near Oceania, Lapita dentate-stamped decoration lasted longer than it did in Remote
Oceania. The end of Lapita probably happened around 2100 BP in the Admiralty Islands, as
evidenced at the Mouk site, around 1700 BP in New Britain, as evidenced on Watom Island,
around 1700 BP in New Ireland, as evidenced at the Lasigi and Lamau sites, around 2200 BP
on Buka Island, as evidenced by the beginning of the Sohano style, around 1900 BP in the
western Solomon Islands, as evidenced by radiocarbon dating from the Roviana Lagoon.
When the Lapita did end on the north coast of New Guinea, in the Vitiaz Strait, on the Mussau
Islands, and on the Admiralty Islands is unclear. In Remote Oceania, the end of Lapita
happened earlier, around 2800/2700 BP in Vanuatu, 2750 BP in New Caledonia, 2500 BP in
Fiji and Samoa, and 2650 BP in Tonga.
2.2.3 Late Lapita/Transitional phase pottery styles
A transition that coarse dentate-stamping gave way to incision with other decorative
techniques such as fingernail impression, shell impression, and stick impression (punctuation)
appearing happened at around 2750 BP (800 BC) is identified in Mussau (Kirch 2000:127;
2001:219).
Dentate-stamping in the Late Lapita/Transitional contexts was coarse and less elaborate,
as identified in Mussau and Kolombangara, and combined with various decorative techniques,
as is evident at Kreslo, Tanga, Lesu, Lasigi, Roviana Lagoon and Kolombangara. Most
notable is that the simplified Lapita sherds found at the Mouk site in the Admiralties and the
FABK site on the Willaumez Peninsula (plain arc stamping designed with Anson’s motifs
collection No. 9 or No. 35, but less elaborate) could particularly exemplify the Transitional
context.
Shell impression was a decorative technique widely associated with the Late
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Lapita/Transitional contexts, including Mussau, Admiralty (Mouk site), Lasigi, Caution Bay,
and Roviana Lagoon. Shell impression assemblages of the Nyapin ware at Aitape and Puian
ware in the Admiralty Islands also fit into the Transitional context. As demonstrated in pottery
from Caution Bay, shell impression assemblages mimicked the earlier Lapita
dentate-stamping designs.
Fingernail impession could also belong to a Late Lapita/Transitional context, as
evidenced in Mussau, Admiralty Islands, and Roviana Lagoon. However, as found in the
Arawes, fingernail impression was already rare in the Early/Middle Lapita contexts
(Summerhayes 2000a:44).
Stick impression was also found in the Late Lapita/ Transitional contexts at Mussau,
Lesu, Lasigi, and in the Sohano style. Appliqué strips/knobs were found in the Late
Lapita/Transitional contexts at Lesu, Lasigi, and Kolombangara, in the Puian and Sohano
styles. In particular, poked knob decoration was found at Lasigi in the Transitional context.
Coarse/rough incision and circle-stamping could be part of the Late Lapita/Transitional
context, as is evident at Lesu and Roviana Lagoon.
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Chapter 3
Methodology

Pottery analysis in this study includes analysis of decoration, vessel form, temper sand,
and clay paste. The Methodology is mainly refined and developed from those illustrated by
Summerhayes (2000a).
The pottery collection was first studied for decoration, vessel form, and temper type.
Temper types were initially sorted under a binocular microscope at 40x magnification and
recorded for all sherds, then sample sherds were studied using SEM to confirm the temper
types. After determining the temper types, all sherds were then read back and recorded using
the discovered temper types. Petrographic analysis was conducted to supplement the analysis
of SEM data. In some cases, such as when volcanic glass is not quite identifiable based on its
geochemical composition in SEM data, petrographic analysis is needed, and could identify
volcanic glass in one second. However, the temper types with composition were mainly
identified by SEM analysis and the very fine differentiation of feldspars/plagioclases was the
result of SEM. Clay data were collected using SEM, then analyzed with PCA analysis.

3.1 Stylistic Analysis of Pottery Decoration and Vessel Form
Only diagnostic sherds are analyzed in this study. Diagnostic sherds include decorated
sherds, rim sherds, sherds which show vessel form, such as carination sherds, and sherds that
show distinctive characteristics, such as those that are particularly thick or thin. Plain neck
and body sherds are not included in this study.
This strategy is selected because only the diagnostic sherds are available for analysis. It
would be useful to consider plain sherds as well. Firstly, a study of the plain sherds can help
to reconstruct the complete vessel forms. Secondly, it is also possible to investigate the
relationship between plain and decorated sherds. Finally, any aceramic layers in the pottery
sequence can be identified by reviewing both the diagnostic sherds and plain sherds, in the
case that the original excavation records are unavailable.
3.1.1 Initial pottery analysis process
3.1.1.1 Classification and serieation
Pottery collections were first analyzed from successive pits at each site. The first step is
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to classify (series) sherds from individual spits in each pit. In each spit, sherds are arranged on
the basis of decorative techniques, starting from dentate-stamping, followed by double
spouted pots, shell impression, fingernail impression …etc., and ending with incision and
plain diagnostic sherds. Sherds using each decorative technique are ordered according to their
position as pot stand, rim, neck, carination, body, base, and so on (Fig. 3.1).

Fig. 3.1 Serieation and catalogue number ordered in a spit.
3.1.1.2 Conjoined sherds
After serieation, sherds were laid out in each spit, and checked to see if any could join
together and if any had broken from a single pot. After joining sherds in each spit, an attempt
was made to join together sherds from different spits in the same pit, as well as from different
pits. Conjoining sherds has some benefits. First, to join sherds into bigger pieces can help to
reconstruct the decoration and vessel form. Secondly, this helps to identify any disturbance in
the pit, for example, if one sherd from spit 20 is joined to a sherd from spit 2, there might
have been some disturbance in this pit. On the other hand, if sherds are joined to others in the
adjacent spit, this might indicate that there has not been much disturbance.
3.1.1.3 Catalogue number
After classification, all sherds are catalogued. The catalogue number follows the
sequence of site code, excavation pit, spit and series number. For example, a sherd with the
catalogue number of FOJ_TP1_Spit7_02 means that this sherd is derived from the FOJ site,
test pit 1, spit 7, and is the second sherd from this spit. This catalogue system is
straightforward and clear when processing the data.
3.1.1.4 Provenance, excavation date, excavator, and notes on original bags
Fundamental information about each sherd, such as provenance, excavation date,
excavator, and any notes on the original bag or box are recorded.
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Information on the excavation date is useful when working with materials excavated
long time ago. It which helps in understanding that how many field seasons were conducted,
and sometimes, in identifying recording errors. For example, if the excavation date of a sherd
is earlier than at a higher level, or later than at a lower one, then the attribution of the sherd to
a particular spit will be treated as suspect. This kind of mistake can also be recognized by
stylistic inconsistencies in the pottery sequence. With care, some suspect samples can be
reassigned correctly. For example, a mistake in recording a sherd from spit 15 as spit 5 in pit
Z1 at the Apalo site is identified by the excavation date, because the excavation date of this
sherd is later than spits 10 and 11 but consistent with spit 15. In another example, Apalo TP1
spit 16 was also mistakenly recorded as spit 6 and recognized by the excavation date and
pottery style.
3.1.1.5 Weight
The weight of each sherd is recorded. The weight and number of sherds provide different
means of examining sherd statistics.
3.1.1.6 Thickness
A sherd thickness below 5mm is classified as thin wall, 6-10 mm as medium wall, and
more than 11 mm as thick wall. For rim sherds, two measurements are taken, one at the lip,
and a second 2 cm below the lip. These two measurements would reveal whether the rim is
convergent or divergent. For neck and body sherds, a measurement is taken at the middle of
the sherd. For carinated sherds, three measurements are taken, one on the carination, and two
at 2 cm above and below the carination.
3.1.1.7 Color
The color of a sherd’s exterior, interior, and core section is recorded. To process quickly,
I did not use the color chart, but judged visually. However, as all of the examined sherds are
photographed, the color can be checked later in each photo.
3.1.1.8 Manufacturing technique
Manufacturing techniques, such as red-slipping, slab construction, burnish, paddle and
anvil, lime infill, and so on, are recorded when observed.
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3.1.2 Vessel Form Attributes
3.1.2.1 Position
The position of each sherd on a vessel is recorded as follows (Fig. 3.2).
(1) Rim;
(2) Neck;
(3) Carination (carinated shoulder);
(4) Body: incurving sherds; or any sherd too small to assign a position;
(5) Base;
(6) Pot stand;
(7) Spout;
(8) Handle/lug;
(9) Disc;
(10) Others: such as detached appliqué, unidentified detached parts.

Fig. 3.2 Sherd positions on a vessel (from Garling 2007).
3.1.2.2 Rim orifice diameter (cm)
Rim sherds can provide information on the size and shape of a vessel. Rim orifice
diameter is determined by placing the rim sherd upside-down on a ‘rim-diameter
measurement template’ on a table, moving the sherd front and back until the rim lip is aligned
on a horizontal plane. This can usually be envisioned when the three points on the rim lip, one
at each end and one in the middle, are aligned horizontally and no light is passing the rim lip.
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Then the curve of the rim is matched with the ‘rim-diameter measurement template’
(Joukowsky 1980:423; Rice 2006:222). In this study, the inner rim diameter is measured. The
theory behind this rim judgment method is that it supposes that the rim of the whole pot was
originally on the same horizontal plane when placed upside-down. In a practical example, few
pottery rims were not made perfectly by ancient potters, and these would not have been on the
same horizontal plane when placed upside-down.
At the same time, when the rim lip is aligned horizontally, the rim direction (wall
orientation) can be decided (Rice 2006:223).
3.1.2.3 Vessel sizes
Vessel sizes are determined by rim diameters. A diameter of up to 20 cm is defined as a
small vessel, a rim diameter ranging between 20-40 cm is defined as a medium sized vessel,
and a rim diameter larger than 40 cm is defined as large vessel.
3.1.2.4 Rim direction
Five rim directions are defined (Fig. 3.3):
(1) Everted: has an interior corner point (C.P.);
(2) Outcurving: has an inflection point (no C.P.);
(3) Direct: follows the outline of the vessel with no change in direction or corner;
(4) Incurving;
(5) Inverted.

Fig. 3.3 Rim direction.
3.1.2.5 Extra rim features
Seven extra rim features are recorded (Fig. 3.4). The first four features are quite useful in
distinguishing pottery styles from different regions.
(1) Inward rim: this could include the inward rim direction of incurving, direct or outcurving
rim sherds;
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(2) Rolled rim;
(3) Horizontal rim;
(4) Pendant rim;
(5) Symmetrically thickened;
(6) Asymmetrical thickened interior;
(7) Asymmetrical thickened exterior.

Fig. 3.4 Extra rim feature.
3.1.2.6 Rim profile
Five rim profiles are defined (Fig. 3.5).
(1) Parallel;
(2) Convergent – gradual;
(3) Convergent – abrupt;
(4) Divergent – gradual;
(5) Divergent – abrupt.

Fig. 3.5 Rim profile.
3.1.2.7 Lip profile
Six lip profiles are defined (Fig. 3.6).
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(1) Flat with sharp edge;
(2) Flat with round edge;
(3) Round;
(4) Pointed;
(5) Grooved;
(6) Stepped.

Fig. 3.6 Lip profile.
3.1.2.8 Vessel form type
Twelve vessel forms are identified and defined in this study (Fig. 3.7).
(1) Flat bottom dish: there are two subtypes of flat bottom dish identified in this study. The
first subtype has an upside down T-shape profile at the bottom and is small in size (with a less
than 20 cm rim orifice diameter). The second subtype is a very shallow outward flat bottom
dish.
(2) Open bowl: with outward rim/wall orientation.
(3) Open bowl with horizontal rim: a variation of open bowl.
(4) Inward bowl: with inward and incurving rim direction and feature.
(5) Everted rim with globular body pot: this vessel form is defined as a ‘pot’ in this study, to
distinguish it from a ‘jar’ with a carinated shoulder and outcurving rim. This follows the
definition suggested by Summerhayes (2000a).
(6) Outcurving rim with carinated shoulder and rounded base jar.
(7) Outcurving horizontal rim with carinated shoulder and rounded body jar. This vessel form
was a variation of outcurving rim jar.
(8) Outcurving rolled rim with carinated shoulder and rounded body jar.
(9) Pot stand.
(10) Double spouted pot: two curve spouts with long neck and globular body.
(11) Double spouted pot: two small spouts directly attached to a globular body.
(12) Flask.
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Fig. 3.7 Vessel form types identified in this study.
Of note is the vessel form VII defined by Summerhayes (2000a:33) as an “inward
restricted upper vessel form - making up both flasks and narrow restricted necked vessels, or
incurving bowls”. This definition shows variations and includes three vessel forms. Seven
sherds from such vessels were identified at Apalo squares O1-O4 (Summerhayes 2000a:107).
These are incurving bowls and flasks, which are defined as separated vessel forms in this
study, and the flasks could possibly be double spouted pots (Summerhayes 2000a:120, Figure
7.10). Eleven sherds from such vessels were identified at Makekur squares D/E/F
(Summerhayes 2000a:45). According to the drawings, the narrow restricted necked vessels
could possibly be either narrow restricted necked vessels, or they could be everted rim pots,
outcurving rim jars, and pot stands (upper parts) (2000a:80-81, Figure 5.29-5.30). The narrow
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restricted necked vessels are not identified in this study, and it may have been my mistake to
classify them as everted rim pots (for example, see Fig. 5.33c) or outcurving rim jars, as no
sherds are big enough to firmly judge them as narrow restricted necked vessels. In summary, I
do not rule out the existence of the narrow restricted necked vessels, however, it would be a
rarely occurred vessel form.
3.1.3 Decorative attributes
3.1.3.1 Location of decorations
The location of decorations is recorded as follows:
(1) Lip;
(2) Inside rim;
(3) Outside rim;
(4) Neck;
(5) Shoulder;
(6) Carination;
(7) Body;
(8) Pot stand;
(9) Base;
(10) Handle/lug.
3.1.3.2 Decorative Technique
Impression (Fig. 3.8)
(1) Dentate-stamping: this is executed using a dentate-like tool to stamp on the sherd.
(2) Plain arc stamping: Lapita motifs are executed with plain arc tools.
(3) Circle-stamping.
(4) Fingernail impression.
(5) Shell impression: uses a shell edge to impress the sherd. Different shell species cause a
different decorative appearance.
(6) Stick impression (punctuation): impressions made with a stick or similar tool.
(7) Round-end stick impression.
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Fig. 3.8 Impression.
Incisions (Fig. 3.9)
(1) Fine incision (mostly vertical): the incision is fine, vertical, curvilinear, shallow, and thin.
The incision is usually vertical, but sometimes includes horizontal incision under the lip or
above carination to define the decoration zone.
(2) Wide incision (mostly horizontal): the incision is usually wide, horizontal (vertical wide
incisions were rarely made), and shallow. The width of the incision trench is approximately or
more than 2 mm.
(3) Short incision: this incision style is like fine incison, but shorter, and usually designed into
various motifs, such as arrowhead motifs.
(4) Deep and straight incision (slash incision?): the incision is deep and straight, visually like
it has been slashed by knife.
(5) Gash incision: this incision is oval, shallow, wider and shorter. It is similar to the
coarse/rough incision, but characterized by its oval shape, and shallower than the
coarse/rough incision.
(6) Comb incision: this is executed with a comb-like tool, and shows a parallel wavy or linear
design.
(7) Coarse/rough incision: this incision style is generally coarser, wider, deeper, and shorter.
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This incision style is typically common in the Post-Lapita period.

Fig. 3.9 Incision.
Appliqué (Fig. 3.10)
(1) Appliqué knobs.
(2) Appliqué band.
(3) Scalloped appliqué layers.
(4) Stick impression appliqué layers.
(5) Round-end stick impression appliqué layers.
Other decorative techniques (Fig. 3.11)
(1) Cut-out triangles or circles; carve away triangles.
(2) Grooved/channelled.
(3) Perforation: this is usually a small drilled hole, which is different from cut out circles in
terms of size and technique.
(4) Brushing: visually, this looks like been wiped horizontally by brush-like tool.
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Fig. 3.10 Appliqué.

Fig. 3.11 Other decorative techniques.
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Lip modification (mostly notching, with variations of way and tool)
Lip modified wares are defined as plain wares in this study, as these are nearly plain on
the whole vessel body, except for modifications on the lips. The same definition is also
applied by Bedford (2006) and Sand et al. (2011:59). Lip modifications identified in this study
are as follow:
(1) Notched on lip: the notched shape is curved at the bottom.
(2) Cut notched on lip: the notched shape forms a sharp angle at the bottom. Visually, it looks
like it has been cut with a knife.
(3) Scalloped on lip: the lip has been pushed away.
(4) Grooved on lip: this has a groove on the lip along the rim.

Fig. 3.12 Lip modification.
3.1.3.3 Dentate-stamping motifs
This study uses Anson’s motif collection to record and describe the Lapita
dentate-stamping motif designs (Anson 1983).
3.1.3.4 Photograph
All of the sherds examined in this study were photographed at a fixed distance of 50 cm.
Thus, when processing the photos in photoshop, it was possible to drag the photos into frame
so that all the sherds would be at their relative sizes. Photos were taken of the exterior, interior,
and side of each sherd. In the case of rim sherd, a photograph was taken of the lip.

3.2 Composition Analysis of Pottery Temper Sand and Clay Paste
Both temper and clay compositional analyses were undertaken with a Zeiss Sigma VP
FEG scanning electron microscope (SEM), which is located at Center for Electron
Microscopy, University of Otago. I describe the analysis process as follows:
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3.2.1 Identify temper type megascopically
Temper is first identified megascopically using a binocular microscope at 40x
magnification. The aim is to initially sort out the temper types found at each site.
3.2.1.1 Temper code
This study uses 11 temper codes to record minerals found in the sherds under a binocular
microscope, which extends from the 6 temper types identified by Summerhayes (2000a:37,
see the first 6 temper codes below). Note that these temper codes are only for initially
recording and sorting through temper types, but are not the final temper types determined by
SEM. The temper codes used in this study fitted best within the west New Britain assemblage,
and may not fit well with other regions, due to the different geological setting in each region.
For example, when I examined the pottery from Koil Island on the north coast of New Guinea,
the temper minerals were found to be different from those in west New Britain. Therefore,
future researchers can create their own temper codes to best record their pottery assemblage.
Each sherd may be recorded with a combination of the temper codes. For example, one
sherd containing light temper as well as calcareous temper is recorded as ‘5 and 4’ in the
database. The 11 temper codes used in this study are as follows:
(1) Magnetite (M);
(2) Pyroxene (cpx);
(3) Pyroxene and Magnetite (cpx+M);
(4) Calcareous (Ca);
(5) Light temper – plagioclase, feldspar, quartz, etc. (P, F and Q);
(6) Temper free – no temper seen at 40X (N);
(7) Red temper – Hematite (H) or Grog. Grog is defined as broken sherds used as
temper;
(8) Hornblende (hbl);
(9) Hornblende and Pyroxene (hbl+cpx);
(10) Hornblende and Magnetite (hbl+M);
(11) Hornblende, Pyroxene, Magnetite, olivine, etc. (Heavy temper).
3.2.1.2 Grain size
Grain size of less than 0.5 mm is classified as fine, between 0.5-1 mm is classified as
medium sized, and larger than 1 mm is classified as coarse.
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3.2.1.3 Temper shape
Temper shape is classified as angular, subangular, or rounded. These three classifications
are analogous with the crystal shape of euhedral, subhedral and anhedral (Fig. 3.13). Euhedral
means that the crystal is completely bounded by faces. Subhedral means that some crystal
faces are present. Anhedral means that the crystal faces are absent.

Fig. 3.13 Degrees to which crystal faces are well developed: (a) Euhedral (b) Subhedral (c)
Anhedral (from Nesse 2000).
3.2.1.4 Temper density
Density of temper sand under the field of a binocular microscope is recorded by visual
judgement as dense, moderate or few.
3.2.2 Sampling strategy
After initially sorting out temper types under the microscope, a representative sample of
sherds was selected for SEM analysis from different stratigraphic layers, temper types,
decorations, and vessel forms. The aim is to select a sample suite that represents the pottery
assemblage at each site.
Take a simple example. In a layer there are 2 different temper types. Temper type 1 has
100 sherds, and temper type 2 has only 2 sherds. The sampling strategy is to choose 2 sherds
from each temper type, regardless of the relative abundance of sherds in each temper type.
The database already shows that temper type 1 is dominant. The reason for choosing 2 sherds
from each temper type in the same stratigraphic layer is to determine whether these 2 sherds
have same temper composition and also whether or not they are made from the same clay
source. The next step is to make thin sections from selected sample sherds.
3.2.3 Thin section
Good quality thin sections are important for getting good SEM results. The procedures
for making a thin section are as follows:
Step 1: cut a 1 cm slice from each sherd perpendicular to the rim and sherd surface, using
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a circular diamond edge saw. After washing this clean with water, put the sherds in an oven
set at 40 degrees and dry overnight to remove water not bound into mineral structure.
Step 2: impregnate the cutting surface of the slice with epoxy resin 10 on a hot plate and
cure for 30 minutes. After impregnating, leave the sherds at room temperature overnight.
Step 3: grind down the surface of sherd with 400, 600, 800 and 1200 grit abrasive
sandpaper, wash clean with water, put in an oven set to 40 degrees and dry overnight. The
sandpaper I used in this study is the Europe system (FEPA system). I usually cut the
sandpaper into smaller pieces for efficient use. I do not grind different samples with the same
sandpaper, because this may cause contamination in the clay matrix.
Step 4: glue the flat surface of the sherd to a glass slide with epoxy resin 11 on a hot plate
and cure for 30 minutes. Leave at room temperature overnight.
Step 5: cut the slide with a circular diamond edge saw to leave a thin section, wash clean
with water, put in an oven set at 40 degrees for 30 minutes, and leave at room temperature
overnight.
Step 6: impregnate the new surface of the thin section with epoxy resin on a hot plate and
cure for 30 minutes. Leave at room temperature overnight.
Step 7: grind down the surface of thin section to 30 microns (0.03mm, standard thin
section thickness) with 240, 400, 600, 800 and 1200 grit abrasive sandpaper. Machine
polishing (in step 8) will remove some material, so the sample should be left slightly thicker
than 30 microns. Wash clean with water before machine polishing, otherwise some small
grains left on the slide will scratch the surface of the thin section.
Step 8: machine polish with 3 micron and 1 micron diamond paste for a smooth, flat
surface. Care must be taken not to overpolish, as there is a risk of losing the sample. I usually
polish with 3 microns for 2 minutes and 1 micron for 3 minutes. Wash the thin section clean
with water after each machine polish. Use a reflective microscope to check if the thin section
surface is smooth.
Step 9: put the thin section into an ultrasonic cleanser filled with distilled water, and
operate for 5 minutes. Dry the thin section with tissue and leave at room temperature
overnight.
Step 10: coat the thin section with carbon under vacuum. This will cover the thin section
with a very thin layer of carbon. Next, paint the thin section surface around the sherd with a
thick carbon layer. This is to conduct the SEM beam current to the earth.

10
11

Hillquist thin section epoxy C and D is used for impregnating porous sherds.
Hillquist thin section epoxy A and B is used for cementing the sherd to a glass slide.
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3.2.4 Collect SEM Data
3.2.4.1 Scan thin section image and upload to SEM computer
The first step for collecting SEM data is to scan the thin section image and upload to the
SEM computer. This is to get a referenced thin section image when running the SEM machine.
Resolution of the thin section image is scanned at 4800dpi and 24-bit color.
3.2.4.2 Cobalt standardization
After placing a thin section sample into the SEM chamber, cobalt standardization is
needed. This is to standardize the beam current when collecting SEM data. For cobalt
measurement, perform the following operation:
(1) Drive SEM stage to the cobalt sample, which is next to the thin section sample in the
sample holder.
(2) Adjust the focus for a good quality cobalt image.
(3) Set working distance at 8.5mm, center a clear point on the cobalt image, and drive to
maximum magnification (1287.01 kx).
(4) Run EDS-SEM→ Optimize→ Calibrate→ Cobalt→ Start→ a reading of beam
current→ Save.
(5) Repeat step 4.
The cobalt measurement takes about 40 seconds to finish, and a reading of the beam
current should reach about 100% of last value. Reading ranges from 99.5% to 100.5% are
acceptable.
3.2.4.3 Get SEM electron image in good quality
Drive the SEM stage back to the thin section sample. Adjust the brightness, contrast, and
focus to get a clear electron image.
3.2.4.4 Working distance and other settings
Set working distance at 8.5mm, EHT at 15kv, Signal A=AsB, Aperture size at 60
microns. The detector selected on the Zeiss is the AsB that is the backscatter detector.
3.2.4.5 SEM stage registration
SEM stage registration could connect the referenced thin section image and the SEM
electron image (SEM stage). Therefore, when you pick up a point to analyze on the thin
section image, the SEM stage will automatically drive to that point. To perform a stage
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registration, 3 points on the electron image and thin section image need to be registered. The
instructions are as follows: Image navigation→ External image→ Find the file→ Set up→
Register 3 points. I usually choose a point at the top left, a second point at the bottom left, and
a third point at the centre right of the thin section image. The points chosen for registration are
usually the easily identifiable edge of a mineral.
3.2.4.6 Collect temper data
To collect temper data, four ‘map’ areas are selected and scanned with SEM set at 100x
magnification. Each map area on the thin section image is saved and marked by a red
rectangular square (Fig. 3.14). This way, mineral color, which is not apparent in the SEM
electron image, will be recorded to help with identification of minerals. For example,
plagioclase and quartz are transparent, while pyroxene is pale green, and hornblende is green
to brown in a thin section image.
Each map is 3mm×3mm, so 4 maps add up to an area of 3mm×12mm from one thin
section sample (Fig. 3.14). Four maps are enough to represent major temper composition of
the sherd.

Fig. 3.14 Thin section image showes 4 analyzed maps (sample: FSZ 12/92 Spit1 04,
hornblende temper type).
There are three steps to collect map data using AZtec software under ‘EDS-SEM’ →
‘Map’ mode. The instructions are as follows:
(1) Map→ Describe specimen→ tick ‘the specimen has been coated with carbon’.
Thickness (nm): 10.00, Density (g/cm3): 2.25.
(2) Map→ Scan Image→ New Site→ Start→ got the electron image.
The settings before scanning the image are as follows: Image scan size: 1024; Dwell
time (μs): 10; Input signal: SE; Number of frames: 1; Frame time (secs): 7.864.
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(3) Map→ Acquire Map Data→ True Map→ Start.
The settings before acquiring map data are as follows: Resolution: 1024; Acquisition
time: Fix duration; Frame count: 1; Energy range (kev): Auto; Number of channels: Auto;
Process time: 5; Pixel dwell time (μs): 300; Frame live time (s): 0:03:56.
It takes approximately 40 minutes to collect 4 sets of map data from one thin section
sample.
3.2.4.7 Collect clay data
About 10 spectra of clay data are collected from one thin section sample, with SEM set
at 50,000x magnification. 10 points were selected for analysis across the thin section sample.
There are two steps to collect clay data:
(1) Before collecting data, use ‘Point and ID’ mode in AZtec software to generate a new
site for storing clay data as follows: Point and ID→ Scan image→ New site→ Start→
generate a new site and get the electron image of the first clay position.
(2) Use ‘Analyzer’ mode to collect 10 clay data as follows: Analyzer→ Acquire
Spectrum→ Stat.
The settings when acquiring a spectrum are as follows: Energy Range (kev): Auto;
Number of Channels: Auto; Process Time: 5; Acquisition Mode: Live Time; Acquisition
Times (s): 40.0; tick ‘Pulse Pile Up Correction’.
It takes approximately 20 minutes in total to collect clay data (including the time it takes
to search a pure clay spot for scanning).
Including the time needed to exchange samples, register reference images, adjust image
quality and analyze, it takes about 1.5 hours to collect temper and clay data from one thin
section sample.
3.2.5 Analyze temper data
3.2.5.1 Distinguish temper minerals using AZtec software
The SEM data are later stored and analyzed offline. An offline version of AZtec software
is used to analyze temper data. Full spectrum EDX data are collected by AZtec. However,
only 10 elements plus oxygen were selected for quantitative analysis: Na, Mg, Al, Si, P, K, Ca,
Ti, Mn, Fe and O. These comprise the major and minor elements on earth (expressed as
oxides): SiO2, Al2O3, FeO, MgO, CaO, Na2O, K2O, TiO2, MnO, P2O5 (Winter 2010:135).
Trace elements which are less than 0.1 weight % were not selected.
There are two steps to get the temper data results using AZtec software:
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(1) Map→ Construct Maps → True Map → you will see the software
analyzing/processing data (Fig. 3.15). The settings under ‘Construct Maps’ are as follows:
select the 10 elements plus oxygen, and set the ‘Binning Factor’ as 4×4 or, in rare cases, as
8×8. Try both settings to see which setting can best separate the different minerals in the map.
(2) Map→ Analyze Phases → Find Phases → get temper minerals composition (Fig.
3.16). The settings under ‘Analyze Phases’ function are as follows: Boundary Tolerance is
usually set as 4.0, 5.0 or 6.0. Test these settings to see which can separate minerals properly
(the higher value can better separate minerals). Grouping Level is set at 1.0.
After ‘Analyze Phases’ is complete, clay matrix and different temper minerals are
distinguished by their geochemical compositions, which are shown as chemical symbols, such
as SiAlO, FeO, SiCaO, etc. Cracks in sherds are also distinguished, but I deleted them from
the sherd composition. One may say that these cracks can indicate the fabric of sherd,
however in practice, these cracks might be produced when making the thin section. At this
stage, different minerals are distinguished and separated, and the next step is to identify what
these minerals are.
3.2.5.2 Identify temper minerals
The AZtec software can analyze and distinguish the temper minerals, shown as chemical
symbols, such as SiAlO, FeO, SiCaO, etc. The next step is to identify the minerals by
comparing their geochemical compositions to the book The Rock Forming Minerals (Deer,
Howie and Zussman 1992).
(1) Each mineral can reveal its geochemical composition under Analyzer→ Calculate
Composition. The settings under ‘Calculate Composition’ are as follows: Processing options:
Oxygen by stoichiometry; Normalize results 12; Deconvolution elements: Carbon; Quant.
standardizations: Factory quant. standardizations; Threshold quantitative results: Enable
thresholding, Sigma level 2.0; Element list: Fixed list and current spectrum, choose 10
elements Na, Mg, Al, Si, P, K, Ca, Ti, Mn, and Fe; Automatic line selection for all elements;
Valency: 1.0.
(2) Compare the geochemical composition with those analyzed in The Rock Forming
Minerals (Deer, Howie and Zussman 1992). After minerals are identified, the chemical
symbol can be renamed to a mineral name in AZtec software, and then the temper
composition of a map is revealed (Fig. 3.16).
12

Clay mineralogy usually contains water in the clay body, so the composition usually accounts for about 90%
in total. The difference to 100% is water content. Normalizing results will bring the composition to 100%.
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Fig. 3.15 Setting under ‘Construct Maps’ in AZtec software.
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Fig. 3.16 Temper minerals composition derived from ‘Analyze Phases’ in AZtec software.

3.2.5.3 Petrographic analysis
All mineral identifications are double checked by petrographic analysis. I had a
petrographic microscope handy when analyzing the SEM data using AZtec software. Of note
is that volcanic glass is sometimes sorted with volcanic lithic fragments under ‘Analyze
Phases’, and needs to be distinguished petrographically, and then estimate the approximately
fraction of rock fragments and volcanic glass respectively.
3.2.5.4 Process temper data in Excel
The temper mineral composition of each map is then pasted onto Excel worksheet.
Because cracks are deleted, the fraction does not add up to 100% and needs to be normalized
to 100%. The compositions of the four maps are then added together and normalized to 100%
to represent the temper composition of each sample, including the clay matrix. To get another
set of data containing only the composition of temper minerals, the clay matrix is deleted, and
the remaining minerals composition is normalized to 100%. At this stage, temper composition
of a pottery sherd is identified.
3.2.5.5 Identify temper types
After the temper composition of all sample sherds is discovered, temper types are then
identified. It is possible to find out how many temper types are found at the site, the dominant
local temper types, and any rare exotic temper types. The provenance of the local temper
types can be identified by matching the temper composition with the local river and beach
sand samples collected from west New Britain. The provenance of the exotic temper types
could be suggested by comparing their temper composition with published results, such as
Dickinson’s study of temper compositions from prehistoric Oceanian pottery (Dickinson
2006).
3.2.6 Analyze clay data
3.2.6.1 Get raw clay data using AZtec software
Each clay position analyzed will yield a chemical composition under Analyzer→
Calculate Composition. 10 clay data-points can be listed together under Analyzer→ Calculate
Composition → Available Templates→ Summary Table - Multiple Spectra→ Quant. Results
View→ Result Type→ Oxide %. Finally, select the 10 spectra and click ‘Add Selected
Spectra’ (Fig. 3.17).
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Fig. 3.17 clay data derived from AZtec software.
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Fig. 3.18 Setting under ‘Analyzer’→ ‘Calculate Composition’ for clay data in AZtec software.

The settings under ‘Calculate Composition’ are as follows (Fig. 3.18): Processing options:
Oxygen by stoichiometry; Normalize results 13; Deconvolution elements: Carbon; Quant
standardizations: Factory quant standardizations; Threshold quantitative results: Enable
thresholding, Sigma level 2.0; Element list: Fixed list and current spectrum, choose 10
elements Na, Mg, Al, Si, P, K, Ca, Ti, Mn, and Fe; Automatic line selection for all elements;
Valency: 1.0.
The next step is to copy the 10 clay data and paste onto an Excel worksheet. Delete any
clearly inconsistent data. From an initial review of all clay data, some patterns might become
clear. For example, in the FSZ site, local clay composition contains phosphorous, while rare
exotic sherds lack phosphorous content.
The final step is to analyze the clay data using PCA analysis.
3.2.6.2 Principal components analysis (PCA)
The main purpose of PCA is to understand how many clay sources were in use in each
Lapita phase. It can also distinguish exotic from locally produced sherds. The multivariate
statistical method used in this study to analyze clay data is principal components analysis
(PCA). The clay PCA plots in this study were performed by Summerhayes. Wright’s
MVARCH computer software (Wright 1991) was used to process PCA in this study. Of note is
that PCA can also be performed with SPSS statistical software.
3.2.7 Correlation between temper types and clay sources
Results of temper types and clay sources are then matched to find the correlations
between them. This can be observed in the PCA plots.

3.3 Summary
Decoration and vessel form analysis helps when identifying changes in pottery style.
Temper and clay composition analysis helps to identify patterns of pottery production and
exchange. Clear identification of transitions in pottery style, production, and exchange would
assist in evaluating the cultural change happened toward the end of Lapita.
This study develops new protocols for quantitative compositional analysis undertaken
with a scanning electron microscope (SEM) with a new generation rapid energy dispersive
X-ray detector. The most importment is to have the AZtec software. The protocols enable the
13

Clay mineralogy usually contains water in the clay body, so the mineral composition usually counts about
90% in total, the difference to 100% is water containing. Normalize results will bring the composition to 100%.
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proportions of different minerals (defined by composition) to be quantified in a standardized,
repeatable manner. The protocols not only yield the proportions of different minerals in a
sherd, which petrographic analysis can achieve, but further reveal the geochemical data
related to a specific mineral. For example, it can identify the various types of plagioclase
(albite, oligoclase, etc.) within the plagioclase group of minerals. This very fine
differentiation also applies to the pyroxene and amphibole groups. The very fine geochemical
characterization of feldspars/plagioclases/pyroxenes/amphiboles is very useful for
characterizing the pottery of a given region, and therefore, exotic sherds can be more reliably
distinguished.
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Chapter 4
Geology, Archaeology, and Sites in West New Britain

4.1 Geology and Geographic Location
4.1.1 Geology of New Britain
The island of New Britain forms the southernmost landmass of the Bismarck
Archipelago. It is crescent shaped, and has an area of 39,000 square kilometres. It is 482 km
long, with varying widths from 50 to 100 km (Fig. 4.1, 4.2) (Summerhayes 2000a:15).
Along the central axis of New Britain is the Whiteman Range (1800m in height), which
separates two different landscapes. To the north of the Whiteman Range is the volcanic coast
(including Garua Island), while to the south is the limestone/karst platform coast (including
the Arawe Islands).
On the south coast, west of Sauren (west of the Arawes), the limestone landscape gives
way to dissected hills and a mountainous landscape, with rivers draining from the western
volcanic areas of Mt Schrader (Summehayes 2000a:15). East of the Arawes, the edge of the
limestone platform is marked by a steep continuous cliff line. The height of this cliff
decreases from about 80 m near Kandrian to only about 20 m in the Arawe Islands. At the cliff
base, there is often 20 metre-wide beach flats composed of thin beach sand deposits, which
are mostly composed of coral debris (Gosden and Webb 1994).
On the north coast of New Britain, the Willaumez Peninsula is situated on the subduction
zone at the junction of the Bismarck and the Solomon Sea Plates. The Peninsula is comprised
of basaltic to rhyolitic volcanoes of the Quaternary Kimbe Volcanics series (Specht and
Torrence 2007b). The Willaumez Peninsula was one of the major obsidian sources in the
Bismarck Archipelago. Obsidian from this region was widely transported during the
pre-Lapita, Lapita and Post-Lapita periods (Specht and Torrence 2007b; Summerhayes 2003a).
In New Britain, the two major obsidian sources are Kutau, located on the Willaumez
Peninsula, and Mopir, located inland behind Hoskins Peninsula (Fig. 4.3). In the pre-Lapita
period, obsidian from the Mopir source was widely transported, until its supply stopped when
it was covered by volcanic ash from the Witori eruption (W-K2) around 3480-3150 BP (Petrie
and Torrence 2008). During the Early Lapita phase, Kutau became the most popular source of
obsidian in the Bismarcks (Summerhayes 2003a, 2010).
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Fig. 4.1 New Britain (from Summerhayes 2000a, Figure 3.1).

Fig. 4.2 New Britain Topography (Wikipedia, https://en.wikipedia.org/wiki/New_Britain).
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Fig. 4.3 Willaumez Peninsula and Garua Island (from Petrie and Torrence 2008).
4.1.2 Volcanic events
Volcanic events are pivotal in understanding prehistory on the north coast of New Britain.
There were five major Holocene volcanic eruptions and subsequent tephra deposits (Fig. 4.4)
identified from the Isthmus area on the southern Willaumez Peninsula, which originated in the
Witori and Dakatau volcanoes. Among these five tephras, only three are found on Garua
Island (Fig. 4.5). The five major Holocene volcanic events are as follows:
(1) The W-K1 tephra was deposited when the Witori volcano erupted around 6160-5750
BP (Petrie and Torrence 2008). This eruption was a disaster for the surrounding region.
(2) The W-K2 tephra originated in the Witori volcano eruption of around 3480-3150 BP.
The depth of this tephra on the Garua Island is about 0.5m (Petrie and Torrence 2008).
(3) The W-K3 tephra was deposited during the Witori volcano eruption of around
1740-1540 BP (Petrie and Torrence 2008). The depth of this tephra is quite thin and indistinct
on Garua Island. However, in the Isthmus area of the southern Willaumez Peninsula, the
W-K3 tephra can be found as an undisturbed deposit (Specht and Torrence 2007b).
(4) The DK tephra was derived from the Dakatau volcano, which erupted around
1350-1270 BP. The depth of this tephra is about 0.75m (Petrie and Torrence 2008).
(5) The W-K4 tephra was derived from the Witori volcano erupted at around 1310-1170
BP (Petrie and Torrence 2008). The timing of the W-K4 eruption was quite close to the DK
eruption.
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Fig. 4.4 Five Major Holocene volcanic tephras on the southern Willaumez Peninsula (from
Petrie and Torrence 2008, Figure 4).

Fig. 4.5 Volcanic tephras present on Garua Island. This shows that the W-K3 tephra is
indistinct and mixed with soil (from Petrie and Torrence 2008, Figure 5).
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4.1.3 Holocene sea level changes
Holocene sea level changes are important to Lapita archaeology, because most of the
Early Lapita sites are found at coastal locations. Therefore, knowing how sea levels have
changed helps in understanding site formation. Around 20,000-18,000 years ago, during the
last glacial maximum, the surface of the sea was about 130 m below its present level
(Chappell and Shackleton 1986, from Gosden and Webb 1994). After the glaciers retreated,
the sea level over most of the earth’s surface started to rise so that, 6000 years ago, it was
within a few meters of its present height (Gosden and Webb 1994). In the southwest Pacific,
the sea level rose rapidly from the last glacial low stand to a maximum of about 1-2 m above
its present day level about 6000 years ago. Since then, there has been a steady drop to the
current sea level (Gosden and Webb 1994). When Lapita peoples arrived in the Bismarcks
around 3300 BP, the sea level might have been about 0.5-1 m higher (Gosden and Webb 1994),
or 1-1.5 m higher than present day levels (Kirch 2000:106).
4.1.4 Arawe Islands
The Arawe Islands are located off the shore of southwestern New Britain, and include
over 40 small islands, most of which are around 1-5 square kilometers (Fig. 4.6) (Gosden et al.
1989). The Apalo site (FOJ) (Fig. 4.7) is located on Kumbun Island. This and the nearby
Makekur (FOH) site (Fig. 4.8) on Adwe Island are inter-visible and within shouting distance
of each other. Another nearby site, Winguru (FNZ) (Fig. 4.9) on Pililo Island, is inter-visible
from both the Apalo and Makekur sites (Gosden 1991). Pililo Island is a raised coral island,
which has uplifted to a height of 40 m. It is 2 km long and 1 km wide (Kuhlmann 1987:33).
At present, only six of the Arawe Islands are permanently inhabited, and none have a
self-sufficient food supply. Each island is multifunctional, with gardens, coconut plantations,
and pigkeeping. The Arawe Islanders also have gardens on the adjacent mainland New Britain,
which they bought or obtained right of access to in recent times. The stable foods in the
Arawe Islands are taro, sweet potato, banana, coconut, fruit, nuts, fish, and pigs consumed at
festivals (Gosden and Webb 1994). The present day language of the Arawe Islands belongs to
the Solong language group, which is also spoken in the nearby Kandrian and Gasmata regions
on the south coast of New Britain. Reflecting this language distribution, the people from the
Arawe Islands, Kandrian and Gastama are trading partners. In addition, the Arawe people also
trade with those in the Siassi Islands, with whom they also have social links (Gosden and
Webb 1994; Harding 1967).
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Fig. 4.6 Arawe Islands and sites (from Gosden and Webb 1994, Figure 1).

Fig. 4.7 Apalo village (photo courtesy Glenn Summerhayes).
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Fig. 4.8 Makekur site, excavation of test pit 23 (photo courtesy Glenn Summerhayes).

Fig. 4.9 Winguru village, the excavations were in the open area (photo courtesy Glenn
Summerhayes).
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4.1.5 Garua Island
Garua is a volcanic island (Torrence and Stevenson 2000), with Mt Hamilton and Mt
Baki as obsidian source volcanoes (Fig. 4.10) (Specht and Summerhayes 2007). The sites of
FSZ and FAO are both situated on coastal hilltops (less than 40 meters in height) overlooking
the sea (Fig. 4.11 and Fig. 4.12).

Fig. 4.10 Garua Island and sites (from Torrence and Stevenson 2000).

Fig. 4.11 FSZ site, on top of a scoria cone hill. The hill has been used as a quarry for building
roads, and a large portion of the hill has been removed so a section of the site was revealed
(from Specht and Torrence 2007b, Plate 8, Photo by Torrence 1991).
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Fig. 4.12 FAO site (left hill) and Mt. Baki (right), viewed from the beach near FSZ (from
Specht and Torrence 2007b, Plate 7, Photo by Torrence 1992).

4.2 Archaeological Background of the Sites
4.2.1 Apalo (FOJ)
4.2.1.1 Apalo research history
The Apalo site was first surveyed by Gosden and Specht in April and May of 1985 as
part of the Lapita Homeland Project (Gosden 1991), followed by two seasons of excavation.
The Apalo site is situated on a 60m wide beach area between the 10m high cliffs and the sea.
In 1987-1988 14, five test pits (TP1-TP5) were excavated at 10m intervals across the beach
(Fig. 4.13). Because an artifact-rich layer was identified close to the sea, TP2 was then opened
up to a 2m×4m square (pits O1-O4 and Z1-Z4, where TP2 becomes O1) to obtain a larger
sample of artifacts. Gosden also placed another four test pits (TP6, TP7, TP8, TP9) around
TP2 in order to understand the spatial extension of this artifact-rich layer. He was able to
ascertain that this layer extended about 80 m, perpendicular to TP1-TP5 (Gosden 1989:56,
Gosden 1990:38, Gosden and Webb 1994). In 1989-1990, TP10 was excavated about 80 m
north of TP1-TP5. It was also situated on the beach ridge, and was subsequently opened up to
become squares L, T, and U. This area was reported as having few artifacts, but it contained
many wooden posts and planks (Fig. 4.14), along with many small plant remains. Gosden and

14

Gosden usually conducted fieldwork from December to January, because the dry season in west New Britain
ran from December to March (Gosden and Webb 1994).
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Webb suggest that this area represents a stilt house settlement built over the reef. Another
three test pits (TP11, TP12, TP13) were dug to connect squares L, T, and U to the main
transect of TP1-TP5 (Gosden and Webb 1994).
All excavations were dug in 10cm spits (Gosden 1991), except for some pits dug in 50
cm spits at squares L, T, and U.

Fig. 4.13 Apalo site plan (from Summerhayes 2000a, Figure 3.7).

Fig. 4.14 Wooden posts and planks in pits U4 and L7 (from Gosden and Webb 1994, Fig. 7).
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4.2.1.2 Apalo stratigraphy
The Apalo site contains two different ground surface depositions (Fig. 4.15). The first of
these, located next to the cliff, is in a flat swampy area composed of dark brown clay. The
second is further toward the sea, on a 1 metre high beach ridge composed of dark brown to
black sand, gradually becoming brown or white sand towards the sea. The present day Apalo
village is located on the beach ridge (Gosden and Webb 1994).

Fig. 4.15 Apalo stratigraphic layers (from Gosden and Webb 1994, Figure 4).

Fig. 4.16 Reconstruction of depositional process at Apalo site (from Gosden and Webb 1994,
Figure 8).
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Gosden and Webb have reconstructed the depositional process of the Apalo site (Fig.
4.16). This is important because it gives researchers the geomorphological clues to find an
Early Lapita site, located mainly on the beach ridge and extending toward the sea.
Six stratigraphic layers were defined at the Apalo site, from the top downward, as
follows (Gosden and Webb 1994):
1. Black sand layer
The uppermost layer on the beach ridge is a black sand layer, resulting from
accumulation under and around the present day village. It contains large amounts of recent
artifacts, especially obsidian (Gosden and Webb 1994). This layer includes mainly Post-Lapita
artifacts.
2. Upper white sand layer
Under the black sand layer is a white sand layer that contains few artifacts. Pottery and
obsidian are found in small amounts, but slightly more shells, in particular food shells, are
found in this layer. Mumu stones (oven stones) are also found. Gosden suggests that there
may not have been a village directly on the site at this time, but the beach sand ridge kept
accumulating to form the present day low beach ridge. The beach sand ridge at this time was
on dry land (above the high water mark) because of the mumu stones found in this upper sand
layer (Gosden and Webb 1994).
Of note is that this upper white sand layer and the underlying artifact-rich white sand
layer are arbitrarily defined by Gosden and Webb, based on the relative abundance of artifacts.
According to excavation records, this upper white sand layer includes a smaller Post-Lapita
layer, the Transitional layer, and in some pits, a Late Lapita layer.
3. Artifact-rich white sand layer
An artifact-rich white sand layer is concentrated under the beach ridge and extending
towards the sea. Gosden notes that this layer contains a large quantity of Lapita pottery,
obsidian, shell and bone. Because of the density of artifacts found, Gosden suggests that this
must be a Lapita stilt house settlement built over the reef, and that the present day beach ridge
was formed because of the rapid accumulation of sand trapped under these stilt houses (Fig.
4.16) (Gosden and Webb 1994). This artifact-rich white sand layer mainly equates with the
Early and Middle Lapita layers, and a smaller Late Lapita layer.
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4. Brown clay layer
Around the same level of the upper white sand and artifact-rich white sand layers, there
is a brown clay layer restricted to an area next to the cliff. This was a lagoon during the time
of Lapita settlement, and later became a fresh water swamp, which still exists in the area
today. The accumulated brown clay in this area is interpreted by Gosden and Webb (1994) as
representing soil erosion during the Lapita period from gardening activity on the inland
plateau of Kumbun Island. This layer contains a small amount of Lapita pottery, obsidian,
shell and bone. Gosden suggests that, due to the presence of Lapita pottery throughout this
brown clay layer, most of the clay was accumulated during the Lapita period (Gosden and
Webb 1994). However, as identified in this study, the Lapita pottery only started to appear
here from the Late Lapita layer onward (see Table 5.1).
5. Basal white sand layer
The bottom layer is a white sand layer sitting on top of the bedrock of limestone and
coral reef, and contains no artifacts. This layer occasionally contains gravel-sized coral and
limestone, becoming thinner toward the sea, and completely absent in TP4 (Gosden and Webb
1994).
6. Bedrock of limestone and coral reef
The bedrock at the Apalo site is limestone and lithified reef coral rubble, dated to
4430±100 BP (Beta 29242) (Gosden 1991; Gosden and Webb 1994) on one of the coral heads
at the bottom of TP2 (pit O1).
4.2.2 Makekur (FOH)
4.2.2.1 Makekur reaseach history
The Makekur site was first surveyed and identified by Gosden and Specht in 1985 as part
of the Lapita Homeland Project, which was followed by four seasons of excavation. In
1987-1988, three test pits (TP1-TP3) were excavated in a roughly east-west direction across
the Makekur sand spit (Gosden and Webb 1994). The precise locations of these three test pits
were not plotted, and the excavation records are not available. TP1 was dug near the middle
of the sand spit, TP2 near the east of the sand spit, which is close to a mangrove area, and TP3
was dug near the west of the sand spit (Gosden et al. 1989). In January and February 1990,
seventeen test pits were excavated (TP4-TP20, Fig. 4.17), but only fifteen test pits were
completed (TP17 and TP18 were not completed) (Gosden and Webb 1994). Due to abundant
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Fig. 4.17 Makekur site plan (from Summerhayes 2000a, Figure 3.6).
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discovery of artifacts, TP10 was opened up to 3m×3m square as pits D1, D2, D3, E1, E2, E3,
F1, F2, F3, where TP10 becomes pit D3. Two of the pits (TP10/D3 and F3) were excavated in
10 cm spits from the ground to the coral bed rock. The remaining seven pits were dug by
removing the top 1m deposit in one block, and then spit1 was dug from 1 m below ground
surface. In addition, TP15 was opened up to a 2m×2m square as pits G1, G2, H1, H2, where
TP15 becomes pit H2. Pits G2 and H2 were dug in 10 cm spits from ground surface, while G1
and H1 were dug by removing the top 1 m deposit in one block (Summerhayes 2000:22-23).
In January and February 1991, eight further test pits (TP21-TP26 and pits L, S) were
excavated, while another two test pits were excavated in February 1992 (TP27 and TP28). All
the test pits were roughly dug in 10 cm spits. However, some test spits were not dug in 10 cm
spits, and these spits were reordered in this study to accord with the depth of a 10 cm spit.
4.2.2.2 Makekur stratigraphy
The Makekur site is situated between the cliff of the main body of Adwe Island and the
sea. The Makekur sand spit is a few hundred meters long, and about 300 m at its widest point.
At the southern end of the Makekur site, next to the cliff, is a low swampy area. The western
part of the Makekur site is a sandy beach, while most of the eastern area is mangrove swamp.
The site is about 1 m or less above sea level (Gosden and Webb 1994).

Fig. 4.18 Makekur stratigraphic layers (from Gosden and Webb 1994, Figure 10).
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Four stratigraphic layers plus the bed rock of limestone and coral reef are defined at the
Makekur site (Fig. 4.18) by Gosden and Webb (1994):
1. Dark brown sandy clay
At the southern end of the Makekur site (TP4-TP6), there is only one layer of dark
brown sandy clay, sitting directly on top of the limestone bed rock (Gosden and Webb 1994).
2. Black and dark brown sand
At the northern end of the Makekur sand spit, the uppermost layer is a black and dark
brown sand layer (Gosden and Webb 1994). This layer is further divided into two sub-layers:
brown topsoil and compact grey sand (Summerhayes 2000:23). According to excavation
records, the top brown soil is about 30/40cm in depth, and is soft and loose. The grey
clay/sand layer is 40-80 cm in depth, and is usually partially concreted. This layer mainly
contains Post-Lapita and Transitional phase artefacts.
3. Upper white sand
Under the black and dark brown sand is an upper white sand layer, which contains few
artifacts (Gosden and Webb 1994). This layer is described as partially concreted white sand
(Summerhayes 2000:23). According to the original excavation records, this concreted white
sand layer is usually 80-130cm in depth. It forms a coarse white sand layer, which is partially
concreted at some depths, but the partially concreted depths are not consistent. This layer
mainly contains the Late Lapita artefacts.
4. Artifact-rich white sand
An artifact-rich white sand layer was identified under the northern end of sand spit,
directly overlying the coral reef bed rock. Gosden and Webb suggest that this layer represents
a long-term Lapita settlement, and evidence of vertical wood posts and horizontal wood
planks was found on the surface of the reef. This indicates that Lapita stilt house settlements
over shallow water and reef flats also occur here, at what is presently the highest part of the
Makekur sand spit (Gosden and Webb 1994). As at the Apalo site, this offers a clue on how to
find the Lapita beach settlement.
This artifact-rich white sand layer is described as unconsolidated fine white sand by
Summerhayes (2000:23). It contains numerous artifacts, plant remains, bones, shell middens,
and many wooden posts and planks (Fig. 4.19) (Gosden and Webb 1994). According to
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excavation records, the bottom 30cm of this layer contains many large corals. The depth of
this fine white sand layer is usually from 130cm to the bottom at 170-200cm. This layer
clearly equates with the Early and Middle Lapita layers.

Fig. 4.19 Worked wood from pit G1 at the Makekur site (from Gosden and Webb 1994, Figure
11).
4.2.3 Winguru (FNZ)
The Winguru site was first located and surveyed in 1985 by Gosden and Specht as part of
the Lapita Homeland Project. In 1986-1987, five test pits were excavated (TP5, TP6, TP7,
TP9, TP10) in a straight line at 10 m intervals from the cliff to the sea. One further test pit was
excavated in January 1990 (TP13).
The Winguru site is situated on a beach between the cliff and the sea. There are two sets
of deposits at the site. The first is next to the cliff, and the second is at the beach. TP5 and
TP10 were dug at the base of the cliff, which contains a black soil midden layer overlying a
brown clay layer. TP6, TP7 and TP9 were dug at the beach with a black sand layer overlying a
white sand layer (Gosden and Webb 1994). The five test pits dug in 1986-1987 were not
excavated in spits, but in stratigraphic layers (Kuhlmann 1987:33). In January 1990, a further
test pit (TP13) was excavated at the beach in 10 cm spits.
The Winguru site was interpreted by Gosden and Webb as having the same formation
process as at the Apalo site. That is, the initial Lapita settlement formed the present day low
beach ridge, with the brown clay accumulating in the swampy area behind it. Unlike at the
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Apalo site, there is an additional black soil midden layer overlying the brown clay next to the
cliff, which is interpreted to have been formed by a change in settlement pattern. Gosden and
Webb suggest that people moved to the defensible locations at the top of the hills around 1000
BP, with people subsequently disposing of their seafood shells down the hill to form the black
soil midden layer below (Gosden and Webb 1994).
Gosden and Webb (1994) suggest that the Winguru site and Paligmete sites, which are
just 500 m apart, might be viewed as a larger single site, as the stratigraphy and depositional
setting of these two sites are quite similar (Kuhlmann 1987:33-38).
As the stratigraphic drawing for the Winguru site is not available, I use the stratigraphic
drawing of the nearby Paligmete site for reference (Fig. 4.20).

Fig. 4.20 Stratigraphy of the Paligmete site (from Gosden and Webb 1994, Figure 12).
4.2.4 FSZ and FAO
4.2.4.1 FSZ and FAO research history
Garua Island was first surveyed by Rhoads and Specht in 1973. It was then extensively
surveyed and excavated by Specht, Torrence, Summerhayes, Wadra and Fullagar in 1989. The
FAO site was located by Torrence during this trip, while FSZ was identified by Summerhayes
and Richard Fullagar in 1990 after their field season at Mopir. In 1990, a heavy grader
smoothed and flattened the top of the scoria pit, which was how Summerhayes found the site
with Fullagar, and why Specht and Summerhayes did not see anything when they visited the
site in 1989 (Summerhayes, personal communication). Subsequent extensive excavations
were undertaken by a team led by Torrence. The finding of Lapita sites on coastal hilltops
changed archaeologists’ estimates regarding the site location, which previously focused on the
beach area (Torrence and Stevenson 2000).
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The FSZ site was excavated in two seasons, 1992 and 1993, by Torrence and her
colleagues (Specht and Torrence 2007b). In 1992, a 4m×4m square was excavated, generating
sixteen 1m×1m pits (pits 12/92-15/95). An additional pit (14/88) was dug south of the main
square (Fig. 4.21). In 1993, another nine pits (8/95, 13/73, 13/81, 17/83, 17/96, 17/98, 17/100,
22/83, 27/83) were dug surrounding the 1992 main square.
The FAO site was excavated in 1989, 1992, 1993, 1995 and 1997 by Torrence and her
colleagues (Fig. 4.22).

Fig. 4.21 FSZ site plan (courtesy Robin Torrence).
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Fig. 4.22 FAO site contour plan (courtesy Robin Torrence, drawn by T. Doelman. Rectangle
indicates pits that have been examined and published).

4.2.4.2 FSZ and FAO Stratigraphy
Overall, the Lapita pottery bearing layer is described as a “chocolate brown/dark brown
clay/soil layer”, which is sealed below the Dk tephra (1350-1270 BP) and above the W-K2
tephra (3480-3150 BP) at both the FSZ and FAO sites. In some cases, the W-K3 tephra
(1740-1540 BP) is presented as a thin layer above the dark brown soil of the Lapita pottery
bearing layer (Specht and Torrence 2007b), as demonstrated at pit 1000/1000 at the FAO site
(Fig. 4.23).
According to research by Specht and Torrence (2007b), pottery at the Talasea area never
occurs below the W-K2 tephra.
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Fig. 4.23 Stratigraphic layers at pit 1000/1000 at the FAO site (from Specht and Torence
2007b, Plate 10, photo by Torrence 1993).

In total, there are generally five stratigraphic layers identified at the FSZ and FAO sites:
layer 1 is the topsoil, layer 2 is the DK tephra, layer 3 is the chocolate brown/dark brown clay
of the Lapita pottery bearing layer, layer 4 is the WK-2 tephra, and layer 5 is the pre-Lapita
red brown clay layer.
At the FSZ site, the W-K2 and DK tephra are present, while the W-K3 tephra is absent
(Specht and Torrence 2007b). According to the excavators’ section drawings, there are three
stratigraphic layers at the FSZ site: topsoil, DK tephra, and Lapita pottery bearing layer. The
excavation at FSZ usually stopped at the Lapita pottery bearing layer. In the 1992 excavation
(the main square 12/92-15/95 and pit 14/88), the topsoil and DK tephra were removed in one
block, and therefore, layer 1 is the Lapita pottery bearing layer. In the 1993 excavation (pits
8/95, 13/73, 13/81, 17/83, 17/96, 17/98, 17/100, 22/83, 27/83), layer 1 is the dark grey topsoil,
layer 2 is the DK tephra, and layer 3 is the Lapita pottery bearing layer. The excavators
sometimes divided the stratigraphic layer into sub-layers. For example, the dark grey topsoil
was subdivided by some excavators into dark grey topsoil and dark grey ashy soil. Also, the
DK tephra was sometimes subdivided into DK fine ash (orange in color) and DK coarse ash
(yellow in color).
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At the FAO site, the W-K2 tephra and DK tephra are present. W-K3 tephra is also present,
but is very thin and indistinct (Specht and Torrence 2007b). According to the section drawings
of the FAO site, there are generally five stratigraphic layers present: layer 1 is the topsoil,
layer 2 is the DK tephra, layer 3 is the chocolate brown/dark brown soil of the Lapita pottery
bearing layer, layer 4 is the WK-2 tephra, and layer 5 is the pre-Lapita red brown clay layer.
In some cases, layer 2 DK tephra is subdivided into “ginger DK tephra” and “dark ginger DK
tephra”, while in others, layer 2 Dk tephra is subdivided into “ginger DK tephra” and “pumice
layer”. According to the excavators’ section drawings, the W-K3 tephra was not identified or
illustrated in the field.
At both the FSZ and FAO sites, the spits are ordered within each stratigraphic layer,
rather than ordered from the ground surface to the bottom of the excavation.

4.3 Radiocarbon Dates
The radiocarbon dates of Arawes and Garua are shown in Table 4.1.
All the dates are recalibrated with Calib 6.1.1 program. The recalibration of radiocarbon
dates was performed by Summerhayes. The Delta R for shell dates is set as 0.
Two dates (Wk 8857, Wk 8858) from Makekur site are first reported in this thesis. These
two dates are recalibrated with Calib 7.0 program and performed by myself.
4.3.1 Apalo dates
Two dates dated on Tridacna Shell were derived from pit O3. The date derived from O3
spit17 is calibrated at two sigma ranges between 3200-2890 cal BP. Spit 17 is probably the
point of transition between Early and Middle Lapita. As this date is derived from shell, I
assign spit 17 to a later range as the beginning of Middle Lapita phase. Another shell date,
derived from O3 spit13, is calibrated to two sigma ranges, between 2920-2490 cal BP. Spit 13
is probably the transitional point between the Middle and Late Lapita. Again, I assign it to a
later point, as the beginning of the Late Lapita phase.
As a result, below spit 17 (spits 18-20) would fit with the Early Lapita phase, spits 14-17
fit with the Middle Lapita phase, and from spit 13 upward fits into the Late Lapita phase.
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Table 4.1 Radiocarbon dates of Arawes and Garua.
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4.3.2 Makekur dates
Three dates from the lowest spits (Beta 27946, Beta 55323, ANU 11186) are dated to
3250-2800 cal BP, which covered the Early and Middle Lapita phases.
TP21B spit17 (Beta 54166, charcoal) was dated to 3000-2740 cal BP, which fits well
with the Middle Lapita phase. The date from TP21H spit14 (Wk32734), dated to 2920-2760
cal BP, is the most secure and determined, because it is dated on the shells of Canarium nuts,
which only grow for a year (Lentfer et al. 2013). These two dates place spits 14-17 squarely in
the Middle Lapita phase/layer.
Two shell dates derived from this Middle Lapita layer are more recent. One is from G1
spit16 (Beta 37561), and has been dated to 2760-2390 cal BP. Another, from TP28 spit14
(Beta 55456), has been dated to 2730-2400 cal BP. In future, it may be necessary to re-check
the conventional dates for these two shell dates.
The date from F2 spit16 (Wk 8857, charcoal) is dated to 1710-1410 cal BP. This
indicates that disturbance happened between the Middle Lapita layer and the Post-Lapita
layer.
The date from G2 spit13 (Beta 54164, charcoal) is dated to 2960-2380 cal BP. Spit 13
could be at the transitional point between the Middle and Late Lapita phases. The date from
TP21B spit13 (Beta 54165, charcoal), dated to 3210-2780 cal BP, might show disturbance
from the earlier Early/Middle Lapita contexts, because it is older than the date of material
below it (TP21B spit17, Beta 54166, charcoal, 3000-2740 cal BP).
The date from D3 spit9 (ANU 11187, charcoal) is dated to 3160-2540 cal BP, this might
also be the result of disturbance, but their youngest range covers the Late Lapita phase.
The date from F3 spit8 (Wk 8858, charcoal) is dated to 1560-1330 cal BP. Spit 8 is
assigned as Transitional phase in this study. This date could possibly be the result of
disturbance from the Post-Lapita layer. More radiocarbon dates should be obtained to clarify
the stratigraphy with chronology in the future.
In conclusion, according to the radiocarbon dates, it is determined that spits 14-17 fit
within the Middle Lapita layer/phase. Below this layer, spits 18-20 fit within the Early Lapita
layer/phase. Material from spit13 upward starts to fall into the Late Lapita layer/phase.
As a result, agreement between stratigraphy and chronology at the Makekur and Apalo
sites is identical and consistent. Further evidence to demonstrate this consistence is that the
double spouted pots at both sites are concentrated in the same spit 15. This indicates that
Lapita peoples arrived at these two sites at the same time (Early Lapita phase), and after their
arrival, the accumulated speed and depositional processes were identical at these two sites.
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4.3.3 Dating Winguru
No radiocarbon dates were obtained from the Winguru site. However, the radiocarbon
dates from the nearby Paligmete site can be viewed as a reference against which to date the
Winguru site.
At the Paligmete site, the same two sets of deposits are present as at the Winguru site
(Gosden and Webb 1994). At the base of the cliff slope at the Paligmete site, the stratigraphy
contains a black soil midden layer overlying a brown clay layer (Kuhlmann 1987:36;
Summerhayes 2000a:25). A Post-Lapita date of 1170-560 cal BP was derived from the bottom
of the black soil midden layer, while two Post-Lapita dates of 1410-680 cal BP and 1290-780
cal BP were derived from the top of the brown clay layer. In addition, a date of 2770-2390 cal
BP for the Late Lapita was derived from TP1 spit13 in the brown clay layer (Specht and
Gosden 1997; Summerhayes 2000a:25), which is consistent with the conclusion that spit 13
was the beginning of the Late Lapita phase/layer at the Apalo and Makekur sites. TP1 was
later opened up to a 2m×2m square, called Excavation 2 by Gosden and Webb (1994). This
date from TP1 spit13 was obtained two thirds of the way down into the brown clay layer
(Summerhayes 2000a:25), which indicates that below spit13 is the Early/Middle Lapita layer.
On the other hand, the stratigraphy at the beach at Paligmete contains a top black sand layer,
then a white sand layer, and finally a white sand with coral rubble layer. A date of 4790-4400
cal BP (pre-Lapita) was obtained from the white sand and coral rubble layer, 3 m below
ground. This date is taken from a Tridacna shell that was associated with a human burial, a
crouched inhumation lying on its left side in a shallow pit. The skull from this burial was
missing, but the mandible was found some 50 cm from the top of the vertebra. The Tridacna
shell dated was one of the clam shells covering the human mandible (Gosden and Webb
1994).
4.3.4 FSZ dates
The dates of FSZ started from 3060-2760 cal BP in the Middle Lapita phase (NZA 6099).
However, only one date was related to this phase. Three of the FSZ dates cover the Late
Lapita and Transitional phases of 2700-2130 cal BP (NZA 2852, 3731, 2851). Of note is that
most of the FAO dates also fall within this age range (Table 4.1). This might indicate that
most of the Lapita settlement and pottery at FSZ and FAO falls into the Late
Lapita/Transitional phases.
One date at FSZ dated to 2110-1820 cal BP (Beta 72142, CAMS 13074), falls within the
Transitional phase. This was taken from ‘FSZ I, Unit A, DK trans’. It is unclear from which
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stratigraphic layer this date was derived.
Two dates fall within the age range between 1920-1560 cal BP (NZA 3732 derived from
FSZ 17/98, Layer 1, Spit 3; NZA 6098 derived from FSZ 13/92, Layer 1, Spit 1). As the
W-K3 volcanic eruption is estimated to have happened between 1740-1540 BP, this closely
overlaps the younger age range of the above two dates. Thus, these two dates might possibly
have been before the W-K3 eruption. As Lapita pottey was found in the contexts that the
above dates were dated (see Table 8.1), this could possibly indicate that Lapita pottery existed
before the W-K3 eruption.
One date was dated as 1560-1310 cal BP (NZA 3730, derived from FSZ 17/96, Layer 1,
Spit 1). DK erupted around 1350-1270 BP and W-K4 erupted around 1310-1170 BP, and so
this date might possibly have been before the DK and W-K4 eruptions, which suggests that
people came back to the FSZ site after the W-K3 eruption. Of note is that there was no pottery
found in this context that dated (see Table 8.1).
One date was dated as 1260-960 cal BP (Beta 72143/CAMS 13075, derived from FSZ
17/83 layer 2 spit 1). At FSZ pit 17/83, the stratigraphic layers are defined by excavators as
follows: layer 1 is dark grey humic topsoil, layer 2 is dark grey ashy soil, layer 3 is DK tephra,
and layer 4 is a chocolate brown Lapita layer. Therefore, this date is associated with the dark
grey ashy soil after the DK eruption.
According to a review of radiocarbon dates, it seems that the settlement at FSZ was
continuious, starting from 3060-2760 cal BP, and ending at 1260-960 cal BP. Also, people
continued to return to the FSZ site after each volcanic eruption.
4.3.5 FAO dates
Three dates derived from the FAO site cover the Late Lapita and Transitional phases
between 2700-2160 cal BP. These three dates all correspond to the Lapita pottery bearing
layer.
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Chapter 5
Lapita to Post-Lapita Pottery Transition at Apalo (FOJ) Site, Arawe
Islands

5.1 Chronology and Pottery Distribution
A total of 1005 diagnostic sherds from the Apalo site are analyzed in this study. These
are conjoined from the original number of 1611 sherds. Among the 1005 sherds, 41 were
derived from the Early Lapita layer, 406 from the Middle Lapita layer, 250 from the Late
Lapita layer, 238 from the Transitional layer, and 70 from the Post-Lapita layer (Table 5.1).
Pottery sherds derived from all excavation pits are included in this study, except for those
excavated in 50 cm spits 15, and O1-O4, which were examined and reported on by
Summerhayes (2000a). However, double spouted pots from O1-O4 are included in this study.
5.1.1 Chronology
The Chronology at the Apalo site is defined by correlating spits with radiocarbon dates
(see Table 4.1) and pottery styles:
(1) The Early Lapita phase equates with spits 18-20.
(2) The Middle Lapita phase equates with spits 14-17, and is dated to 3200-2890 cal BP
from spit 17.
(3) The Late Lapita phase equates with spits 9-13, and is dated to 2920-2490 cal BP from
spit 13. Of note is that spit 9 could be either Late Lapita or Transitional phase, as it is the spit
in-between these two cultural layers. Nevertheless, the decorations and vessel forms derived
from spit 9 are recorded and reported, and we can still get stylistic information on this specific
spit if it is later revised to the Transitional phase.
(4) The Transitional phase equates with spits 4-8. No radiocarbon date is available for the
upper spits to assign a firm chronology.
Of note is that the Transitional phase might be actually equates with spits 6-8, as the
settlements in the Transitional phase were already on dry land, therefore the deposition speed
should be slower. That is, spits 4 and 5 could very likely belong to the Post-Lapita period, as
the Post-Lapita period represents a 1700 year long period. However, this would not affect the
15

TP9, T4, T5, T6, T7, U4, U5, U6 were dug in 50 cm spits. 66 diagnostic sherds from these pits are not
included in this study.
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Table 5.1 Pottery distribution by pit and spit at Apalo site (pits ordered in this table: from TP5 to TP7 are arranged in order from cliff to sea, and the
remainder are ordered from TP7 toward squares L, T and U).

results, as most of the Post-Lapita pottery might be out of disturbance from the Transitional
phase (see Chapter 11). That is, the Post-Lapita pottery assemblage was actually the same as
the Transitional assemblage.
(5) The Post-Lapita period equates with spits 1-3. No radiocarbon dates were derived
from this cultural layer. However, this Post-Lapita layer is defined based on the evidence that
Sio pottery appears in spits 1 to 3. Sio pottery is dated from c. 1700 BP to recent times,
according to Lilley (2007).
5.1.2 Pottery distribution and the implication of settlement patterns
Overall, pottery distribution shows a clear pattern, in which the pottery was initially
concentrated at pits O1-O4 and Z1-Z4, then subsequently spread over time, without hiatus in
the pottery sequence (Table 5.1).
This implies that settlements were continuous at the Apalo site. However, the settlement
patterns and locations changed over time. During the Early Lapita, the settlement was
concentrated at square O/Z as stilt houses built over shallow water on a reef flat. During the
Middle Lapita, pottery was still concentrated at square O/Z, and also spread to adjacent pits
(TP1, TP 6, TP4 and TP7). The Late Lapita phase only has half the quantity of sherds
compared to the Middle Lapita phase. In the Late Lapita phase, the pottery distribution
continued at square O/Z and TP1, but a dense concentration shifted to TP7, which implies that
the Lapita people moved further toward the sea to build their stilt house settlement over
shallow water (see Fig. 4.13 for Apalo site plan). The same pattern is also observed at
Talepakemalai site in Mussau (Kirch 2001:133, Figure 4.45), in which the Late Lapita
settlement moved closer to the sea to build the stilt house over water. In addition, pottery
started to spread out to squares L/T/U, as well as TP3 and TP5. The Transitional phase has the
same amount of sherds as the previous Late Lapita phase. In the Transitional phase, the
location of square O/Z was abandoned and pottery was concentrated at squares L/T/ U, TP3,
and TP5. The Post-Lapita period contains only a few sherds, distributed at exactly the same
locations as in the Transitional phase. There is the possibility that the sherds found in the
Post-Lapita layer are the result of disturbance from earlier Lapita contexts. The little pottery
found in the Post-Lapita layer might indicate that there was little settlement, and that either
pottery production was reduced, or it ceased at the Apalo site.
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5.1.3 Disturbance at the site?
Settlement during the Transitional phase at Apalo was already on dry land, as evidenced
by the mumu stones found in spit 8 and upward. In settlements on dry land, one would expect
disturbance due to crab holes. Therefore, some disturbance would have occurred in the
Transitional layer.
However, the pottery distribution demonstrates that the concentration of pottery had
shifted at different locations in each Lapita phase at Apalo, and no upward or downward
disturbance was observed (Table 5.1).
For example, at pits Z1-Z4, with a concentration of Early/Middle Lapita sherds that
continued to the Late Lapita phase, there was neither Transitional phase nor Post-Lapita
sherds deposited here. Also at TP7, where there was concentration of Late Lapita sherds, few
Transitional sherds were deposited above it. Furthermore, at squares L/T/U, TP3, and TP5,
with a concentration of Transitional sherds, no Middle Lapita sherds were deposited below
this point, and only a few Late Lapita sherds had been deposited. The only possible
disturbance was between the Transitional layer and the Post-Lapita layer, as the Post-Lapita
layer contains only a few sherds, distributed at exactly the same locations as those in the
Transitional layer. There is the possibility that the sherds found in the Post-Lapita layer are the
result of disturbance from earlier Lapita contexts.
In summary, the Apalo site as a whole may not be highly disturbed, except for where the
sherds found in the Post-Lapita layer may be the results of disturbance from earlier Lapita
contexts.

5.2 Pottery Assemblage in Each Lapita Phase
In this section, I describe the detailed pottery stylistic assemblage in each Lapita phase,
and outline the correlation between decoration and vessel form.
The distribution of decorations and vessel forms by spit is shown in Tables 5.2 and 5.3.
Table 5.2 clearly demonstrates which decorative techniques appeared in which spit. The same
applies to vessel forms in Table 5.3.
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Table 5.2a Distribution of decoration by spit at Apalo site (to be continued on next page).
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Table 5.2b Distribution of decoration by spit at Apalo site (plain wares, Sio, and Type X wares).

Table 5.3 Distribution of vessel form by spit at Apalo site.
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5.2.1 Early Lapita
The overall decorations and vessel forms, and correlation between them in the Early
Lapita phase, are shown in Table 5.4. The Early Lapita assemblage may not represent what
was happening at the site, as only 41 diagnostic sherds are associated with this phase.

Table 5.4 Early Lapita (spits 18-20) pottery assembalge at Apalo site.

Decorative techniques in the Early Lapita phase were simple, only comprised of
dentate-stamping (17%), fine incision (20%), and plain wares (including lip modifications)
(58%). Notched band and brushing rarely occurred (3%). Notched banding was the same
technique used to decorate the notched lip plain wares.
Vessel forms were dominated by outcurving rim carinated shoulder jars (vessel form 6)
(52%), mostly associated with plain wares, but also with fine incision and brushing. These
were accompanied by open bowls (vessel form 2) (24%), decorated with dentate-stamping
and as plain wares, and also by everted rim globular body pots (vessel form 5) (17%) as plain
wares. Outcurving horizontal rim jars (vessel form 7) and pot stands (vessel form 9) were also
found (3%).
The percentage of open bowls (24%) is quite close to Summerhayes’ indication of 23%
in the Early Lapita phase at squares D/E/F at the Makekur site (Summerhayes 2000a:152,
Figure 10.1). However, this did not reach the proportion indicated by Summerhayes at the
Paligmete site, where open bowls accounted for around 30% of pottery in the Early Lapita
phase (Summerhayes 2000a:152, Figure 10.1).
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Fig. 5.1 Early Lapita plain wares (open bowls and outcurving rim jars) at Apalo site.
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Fig. 5.2 Early Lapita dentate-stamping, fine incision, and notched band wares (open bowls,
outcurving rim jars and pot stands) at Apalo site.
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5.2.2 Middle Lapita
Table 5.5 shows overall decorations and vessel forms in the Middle Lapita phase, and
correlation between them.
5.2.2.1 Decoration
Decorations in the Middle Lapita phase were also simple, dominated by
dentate-stamping (28%), fine incision (33%), and plain wares (38%). Notched band, brushing,
and wide incision rarely occurred (less than 1%).
5.2.2.2 Vessel form
Vessel forms in the Middle Lapita phase were dominated by outcurving rim carinated
shoulder jars (vessel form 6) (44%), accompanied by everted rim globular pots (vessel form 5)
(15%), and outcurving horizontal rim jars (vessel form 7) (7%). In addition, open bowls
(vessel form 2) (10%) and pot stands (vessel form 9) (9%) were abundant. Double spouted
pots (vessel forms 10 & 11) were also abundant (12%). By contrast, flat bottom dishes (vessel
form 1) (1%) and open bowls with horizontal rims (vessel form 3) (2%) rarely occurred.
5.2.2.3 Correlation between vessel form and decoration
The outcurving rim jars (vessel form 6) were predominantly associated with plain wares
(mostly with notched lips/cut notched lips, but also y-shaped grooved lips, Fig. 5.17) and fine
incision (Fig. 5.12-5.14), and less associated with dentate-stamping (Fig. 5.7a, b).
Everted rim pots (vessel form 5) were predominantly associated with plain wares and
less associated with brushing (Fig. 5.15-5.17).
The outcurving horizontal rim jars (vessel form 7) were predominantly associated with
plain wares (Fig. 5.18) and dentate-stamping (Fig. 5.7c).
In summary, everted rim pots, outcurving rim jars, and outcurving horizontal rim jars
were all predominantly associated with plain wares, while outcurving rim jars were also
associated with fine incision and dentate-stamping, and outcurving horizontal rim jars were
associated with dentate-stamping.
In contrast, flat bottom dishes (vessel form 1) (Fig. 5.3), open bowls (vessel form 2) (Fig.
5.3-5.5), open bowls with horizontal rims (vessel form 3) (Fig. 5.6), and pot stands (vessel
form 9) (Fig. 5.10-5.11) were predominantly associated with dentate-stamping, while flat
bottom dishes and open bowls were also associated with plain wares (Fig. 5.15).
Double spouted pots were predominantly associated with plain wares (see Chapter 10).
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Table 5.5 Middle Lapita (spits 14-17) pottery assemblage at Apalo site.
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From the viewpoint of decoration, plain wares were comprised of flat bottom dishes,
various bowl vessel forms, everted rim pots, outcurving rim jars, outcurving horizontal rim
jars, and double spouted pots. Of these, everted rim pots and double spouted pots were
exclusively associated with plain wares. On the other hand, dentate-stamped wares were
comprised of flat bottom dishes, various bowl vessel forms, outcurving rim jars, outcurving
horizontal rim jars, and pot stands. Of these, pot stands were exclusively associated with
dentate-stamping.
5.2.2.4 Middle Lapita pottery assemblage characteristics
Here I note some characteristics of the Middle Lapita pottery assemblage.
Dentate-stamping
The Lapita motifs were designed and executed with dentate-stamping, plain arc stamping,
circle-stamping, carved away triangles, cut out triangles, and cut out circles. Of note is that
the plain arc stamping already appeared in the Middle Lapita phase and is mostly associated
with Anson’s (1983) motifs collection No. 35.
One dentate-stamping sherd has the face motif looks like a wizard (Fig. 5.5e).
Fine incision
The incision lines applied to Lapita pottery were fine, thin, shallow, and show vertical
designs, and the motifs were designed as vertical eye, parallel curved line, straight and curved
line, and cross-hatched line (Fig. 5.12-5.14). The decoration zone was under the lip and above
the carination. In a few cases, fine incisions were placed inside outcurving rim jars (Fig. 5.12a,
b).
Cut notched band on carination
One sherd has a cut notched band on the carination (Fig. 5.15b). This kind of cut notched
band, applied to the carination, was also found on the Transitional phase sherds at Lasigi (see
Fig. 2.14j-m). The evidence at the Apalo site shows that this decorative style was already
being applied by the Middle Lapita phase.
Brushing
Brushed everted rims (Fig. 5.15, 5.16) were found. At the Apalo site, brushing as a
decorative technique only occurred in the Middle Lapita phase.
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Wide Incision
Wide incisions were found on a single sherd as part of a double spouted pot. This sherd
is conjoined with another from spit 13 (Late Lapita phase). It is very likely that wide incision
appeared in the next Late Lapita phase, as all the new decoration techniques appeared during
Late Lapita at the Apalo site.
Plain ware
One Y-shape grooved outcurving rim jar (Fig. 5.17c) was found. This sherd was
mistakenly recorded and reported as coming from spit 6 (Gosden and Webb 1994, Figure 6).
However, the excavation date of this sherd is consistent with spit 16 rather than spit 6. I have
corrected this error, and place it in spit 16. The same Y-shape grooved rim is also found in the
Duke of York Islands, where it is described as “flange rim” (White 2007, Figure 9).
One scalloped rim was decorated on an outcurving rim jar (Fig. 5.17e). Another
scalloped rim is found combined with dentate-stamping on a bowl (Fig. 5.5d).
Flat bottom dish (vessel form 1)
Two flat bottom dishes were found from the Middle Lapita phase. One of these has
dentate-stamping (Fig. 5.3a), while the other is plain ware. The section of the base is shaped
like an upside-down “T”.
Open bowl (vessel form 2) and Open bowl with horizontal rim (vessel form 3)
The open bowls in the Middle Lapita phase are characterized by grooving on the lips
(Fig. 5.3-5.4) and also flat lips (Fig. 5.4-5.5).
Small round disc
A set of small rounded body sherds was initially recorded as “plug” by the excavators
(Fig. 5.19 and 5.20). Their diameters range between 4-6 cm. These small rounded body sherds
were intentionally made from broken wares, because they show the original vessel form of
neck or body and manufacture characteristics, such as slab construction. In addition, one
sherd was made from an originally fine incision neck sherd (Fig. 5.19e). Moreover, the edges
of these rounded body sherds were usually ground to get a smooth edge. Their function is
uncertain, but they are unlikely to be ‘plugs’, due to their narrow diameters, which only fit
inside the small orifices of double spouted pots. However, the rims of double spouted pots
were usually tilted (see Chapter 10), which makes it difficult to place the ‘plugs’ on top of the
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rims, unless the ‘plugs’ were meant to be inserted into the rim orifice. At this stage, I would
call them ‘discs’.
These small rounded ‘discs’ are found in Anir and Emirau as well, plus other Lapita sites,
and sites in SE Asia of a similar age (Summerhayes, personal communication).
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Fig. 5.3 Middle Lapita dentate-stamping wares (flat bottom dishes and open bowls) at Apalo
site.
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Fig. 5.4 Middle Lapita dentate-stamping wares (open bowls) at Apalo site.
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Fig. 5.5 Middle Lapita dentate-stamping wares (open bowls) at Apalo site.
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Fig. 5.6 Middle Lapita dentate-stamping wares (open bowls with horizontal rims) at Apalo
site.
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Fig. 5.7 Middle Lapita dentate-stamping wares (outcurving rim jars and outcurving horizontal
rim jars) at Apalo site.
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Fig. 5.8 Middle Lapita dentate-stamping wares (jars) at Apalo site.
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Fig. 5.9 Middle Lapita dentate-stamping wares (jars) at Apalo site.
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Fig. 5.10 Middle Lapita dentate-stamping wares (pot stands) at Apalo site.
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Fig. 5.11 Middle Lapita dentate-stamping wares (pot stands) at Apalo site.
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Fig. 5.12 Middle Lapita fine incision wares (outcurving rim jars) at Apalo site.
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Fig. 5.13 Middle Lapita fine incision wares (outcurving rim jars) at Apalo site.
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Fig. 5.14 Middle Lapita fine vertical incision wares (outcurving rim jars) at Apalo site.
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Fig. 5.15 Middle Lapita plain wares (open bowls and everted rim pots) at Apalo site.
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Fig. 5.16 Middle Lapita brushed and plain wares (everted rim pots) at Apalo site.
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Fig. 5.17 Middle Lapita plain wares (everted rim pots and outcurving rim jars) at Apalo site.
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Fig. 5.18 Middle Lapita plain wares (outcurving horizontal rim jars) at Apalo site.
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Fig. 5.19 Small round discs at Apalo site.
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Fig. 5.20 Small round discs at Apalo site.
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5.2.3 Late Lapita
Table 5.6 shows overall decorations and vessel forms of the Late Lapita phase, and
correlations between them.
5.2.3.1 Decoration
Decorations in the Late Lapita phase were still dominated by dentate-stamping (17%),
fine incision (30%), and plain ware (36%). Of note is that new decorative techniques started
to appear, including fingernail impression (9%), wide incision (4%), channelled (1%), stick
impression appliqué layers (2%), scalloped appliqué layers combined with fingernail
impression (1%), shell impression (1%), and gash incision combined with scalloped appliqué
layers and fingernail impression (Fig. 5.32d). Among the new decorative techniques,
fingernail impression and wide incision were slightly more abundant.
5.2.3.2 Vessel form
Nine vessel forms are identified, most inherited from the previous Middle Lapita phase,
while a new vessel form of outcurving rolled rim (vessel form 8) started to appear.
Vessel forms in the Late Lapita phase were dominated by outcurving rim jars (vessel
form 6) (70%) and accompanied by outcurving horizontal rim jars (vessel form 7) (13%). In
contrast, everted rim pots (vessel form 5) only accounted for 2% of finds. Open bowls (vessel
form 2) and pot stands (vessel form 9) also accounted for 2%. Flat bottom dishes (vessel form
1) (1%) and open bowls with horizontal rims (vessel form 3) (2%) were still occasionally
occurred. Double spouted pots (vessel forms 10 & 11) accounted for 6%.Outcurving rolled
rim jars (vessel form 8) started to appear in the Late Lapita phase, but these were rare (1%).
5.2.3.3 Correlation between vessel form and decoration
The outcurving rim jars (vessel form 6) were predominantly associated with plain wares
(mostly with lip modifications, but also pure plain ware, Fig. 5.33-5.35), and to a lesser extent,
with fine incision (Fig. 5.27-5.29), fingernail impression (Fig. 5.30) and dentate-stamping
(Fig. 5.22). In addition, although no rim sherds are found, channelled decorations (Fig. 5.29)
and wide incision (Fig. 5.31) should be associated with outcurving rim jars, as these are found
on neck and carinated shoulder sherds that imply the outcurving rim jar vessel form. Of note
is that all the new decorative techniques were applied to outcurving rim jars. Everted rim pots
(vessel form 5) include only two sherds, one of which was associated with plain ware (Fig.
5.33c), and the other was associated with fingernail impression (Fig. 5.30c). Outcurving
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Table 5.6 Late Lapita (spits 9-13) pottery assemblage at Apalo site.
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horizontal rim jars (vessel form 7) were associated with plain ware (Fig. 5.35) and
dentate-stamping (Fig. 5.23).
Although rare in number, flat bottom dishes (vessel form 1) (Fig. 5.21a), open bowls
(vessel form 2) (Fig. 5.21c), open bowls with horizontal rims (vessel form 3) (Fig. 5.21b), and
pot stands (vessel form 9) (Fig. 5.26a, b) were predominantly associated with
dentate-stamping, while bowls with horizontal rims were also associated with plain ware (Fig.
5.33a). Double spouted pots were predominantly associated with plain wares, but wide
incision technique was starting to be applied.
From the viewpoint of decoration, the plain ware assemblage was comprised of various
bowl vessel forms, everted rim pots, outcurving rim jars, outcurving horizontal rim jars, and
double spouted pots.
In contrast, dentate-stamped ware assemblage was comprised of flat bottom dishes,
various bowl vessel forms, outcurving rim jars, outcurving horizontal rim jars, outcurving
rolled rim jars, and pot stands. Among these, the pot stands were exclusively associated with
dentate-stamping.
In addition, fine incision technique was exclusively associated with outcurving rim jars.
All of the new decorative techniques were also exclusively associated with outcurving rim
jars, except for the single fingernail impressed everted rim pot.
5.2.3.4 Late Lapita pottery assemblage characteristics
Here I note some characteristics of the Late Lapita pottery assemblage.
Dentate-stamping
A shallow flat bottom dish with horizontal rim was found, with a motif design
characterized by a combination of Anson’s (1983) Lapita motifs collection No. 398 (eye motif)
and No. 206 on the inside rim (Fig. 5.21a). The same motif was also applied to a bowl with a
horizontal rim (Fig. 5.21b).
Fine incision
For the fine incision wares, the decorative designs were the same as in the Middle Lapita
phase: the decoration zone was usually applied under the lip and above the carination, and the
motifs were designed as eye, parallel curve line, and cross-hatched line (Fig. 5.27- 5.29). In a
few cases, fine incision was applied inside the rim (Fig. 5.27c).
Of note is that one fine incised sherd (Fig. 5.28f) shows a similar decorative design to
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‘type Y’ pottery from the Vitiaz Strait (Lilley 2002, see Fig. 2.6j-l). This implies that the type
Y pottery might be just a variation of fine incisions of the Lapita assemblage.
Various new decorative techniques
New decorative techniques started to appear in the Late Lapita phase, including
fingernail impression, channelled, wide incision, stick impression appliqué layers, scalloped
appliqué layers+ fingernail impression+ gash incision, and shell impression (Fig. 5.29-5.32).
Fingernail impression sherds demonstrates that the three sub-styles of this decorative
technique, the crescent-like design, the fingernail pinch, and the fingernail gouge, as defined
by Bedford (2006:82), were just variations of the fingernail impression technique of the
Lapita pottery assemblage. This is evident in the Apalo assemblage (Fig. 5.30).
The wide incision technique was usually applied as a horizontal design on the lower
body under the carinated shoulder, but occasionally also applied as a vertical design on the
neck (Fig. 5.31). In some cases, the wide incision was indistinguishable from gash incision
(Fig. 5.31b).
Distinctive decorative styles started to appear in the Late Lapita phase: the stick
impression appliqué layers, and the scalloped appliqué layers combined with fingernail
impression (Fig. 5.32). Of note is that one of the scalloped appliqué layers combined with
fingernail impression was also combined with gash incision (Fig. 5.32d). Pottery with these
distinctive decorative styles were made locally using local temper sands and clay sources (see
Chapter 9), which indicate that they were developed locally and internally from the Lapita
assemblage at the Apalo site.
Shell impression was found in a single example on a body sherd (Fig. 5.31e).
Plain ware
Notched lips/cut notched lips were predominantly used on outcurving rim jars (vessel
form 6) (Fig. 5.33-5.35), and to a lesser extent, on bowls with horizontal rims (vessel form 3)
(Fig. 5.33a), everted rim pots (vessel form 5) (Fig. 5.33c), and outcurving horizontal rim jars
(vessel form 7) (Fig. 5.35c).
Scalloped lips were found in one example on an outcurving rim jar (vessel form 6) (Fig.
5.34d).
Pure plain wares were associated with outcurving rim jars (vessel form 6) (Fig. 5.34-5.35)
and outcurving horizontal rim jars (vessel form 7) (Fig. 5.35b).
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Outcurving horizontal rim jars (vessel form 7)
A transformation of outcurving horizontal rim jars is observed, with the originally open
and outward direction rims of the Early/Middle Lapita becoming more restricted and inward
in the Late Lapita phase (Fig. 5.23).
Outcurving rolled rim jars (vessel form 8)
Outcurving rolled rim jars first appeared in the Late Lapita phase, and are also found in
the Transitional phase (see below) at the Apalo site. Of note is that this vessel form was the
characterization of the Puian wares that decorated with shell impression in the Admiralty
Islands.
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Fig. 5.21 Late Lapita dentate-stamping wares (flat bottom dishes, open bowls, bowls with
horizontal rims) at Apalo site.
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Fig. 5.22 Late Lapita dentate-stamping wares (outcurving rim jars) at Apalo site.
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Fig. 5.23 Late Lapita dentate-stamping wares (outcurving horizontal rim jars and outcurving
rolled rim jars) at Apalo site.
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Fig. 5.24 Late Lapita dentate-stamping wares (outcurving horizontal rim jars) at Apalo site.
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Fig. 5.25 Late Lapita dentate-stamping wares (outcurving horizontal rim jars and body sherds)
at Apalo site.
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Fig. 5.26 Late Lapita dentate-stamping wares (pot stands) at Apalo site.
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Fig. 5.27 Late Lapita fine incision wares (outcurving rim jars) at Apalo site.
151

Fig. 5.28 Late Lapita fine incision wares (outcurving rim jars) at Apalo site.
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Fig. 5.29 Late Lapita fine incision and channelled wares (outcurving rim jars) at Apalo site.
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Fig. 5.30 Late Lapita fingernail impression wares (outcurving rim jars) at Apalo site.
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Fig. 5.31 Late Lapita wide incision wares (outcurving rim jars) and shell impression and
notched band sherds at Apalo site.
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Fig. 5.32 Late Lapita stick impression appliqué layers and scalloped appliqué layers with
fingernail impression wares at Apalo site.
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Fig. 5.33 Late Lapita plain wares (bowls with horizontal rims, everted rim pots, outcurving
rim jars) at Apalo site.
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Fig. 5.34 Late Lapita plain wares (outcurving rim jars) at Apalo site.
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Fig. 5.35 Late Lapita plain wares (outcurving rim jars and outcurving horizontal rim jars) at
Apalo site.
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5.3.4 Transitional phase
Table 5.7 shows overall decorations and vessel forms in the Transitional phase, and
correlation between them.
5.3.4.1 Decoration
Decoration in the Transitional phase was still dominated by dentate-stamping (14%), fine
incision (35%), and plain ware (44%). The new decorative techniques inherited from the
previous Late Lapita phase were still minor components, including fingernail impression (3%),
wide incision (2%), and channelled (1%).
In addition, more new decorative techniques started to appear, but all were minor
components that accounted for less than 1% of the assemblage. These included deep and
straight incision, round-end stick impression, and stick impression combined with gash
incision, and coarse/rough incision.
5.3.4.2 Vessel form
Eight vessel forms were identified, all inherited from the previous Middle and Late
Lapita phases. Vessel forms in the Transitional phase were dominated by outcurving rim jars
(vessel form 6) (76%), and accompanied by everted rim pots (vessel form 5) (9%), outcurving
horizontal rim jars (vessel form 7) (4%), and outcurving rolled rim jars (vessel form 8) (2%).
Flat bottom dishes (vessel form 1), open bowls (vessel form 2) and double spouted pots
(vessel forms 10&11) were rare, and accounted for less than 1% of the assemblage. However,
pot stands (vessel form 9) made up 6% of artifacts in the Transitional layer, which might be
due to disturbance.
5.3.4.3 Correlation between vessel form and decoration
The outcurving rim jars (vessel form 6) were predominantly associated with plain wares
(mostly with lip modifications, but also pure plain wares) (Fig. 5.43-5.44), and to a lesser
extent, with fine incision (Fig. 5.41), fingernail impression (Fig. 5.42), and dentate-stamping
(Fig. 5.36-5.38). In addition, wide incision (Fig. 5.41g) and deep and straight incision (Fig.
5.41h, i) should also be associated with outcurving rim jars, as neck sherds have been found.
Most notably, all the new decorative techniques were associated with outcurving rim jars
(vessel form 6), as already demonstrated in the Late Lapita phase.
Everted rim pots (vessel form 5) were exclusively associated with plain wares (Fig. 5.44).
Outcurving horizontal rim jars (vessel form 7) were associated with dentate-stamping (Fig.
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Table 5.7 Transitional phase (spits 4-8) pottery assemblage at Apalo site.
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5.37) and plain wares (Fig. 5.44). Outcurving rolled rim jars (vessel form 8) were associated
with dentate-stamping (Fig. 5.38a) and plain wares (Fig. 5.44f).
Although rare in number, flat bottom dishes (vessel form 1) (Fig. 5.36a), open bowls
(vessel form 2) (Fig. 5.36b), and pot stands (vessel form 9) (Fig. 5.40a, b) were
predominantly associated with dentate-stamping. The distinctive double spouted pots (vessel
forms 10&11) are found with one example that associated with plain ware.
Considering the assemblages from the previous Middle and Late Lapita phases and in the
Transitional phase, it is evident that the various bowl vessel forms and pot stands were
predominantly associated with dentate-stamping, but also, to a lesser extent, with plain wares.
On the other hand, the everted rim pots and various jars were predominantly associated with
plain wares, while the everted rim pots were restricted to plain wares. The outcurving rim jars
were also associated with fine incision, dentate-stamping and various new decorative
techniques. The outcurving horizontal rim jars and outcurving rolled rim jars were exclusively
associated with dentate-stamping and plain wares.
5.3.4.4 Transitional phase pottery assemblage characteristics
Here I note some characteristics of the Transitional phase pottery assemblage.
Dentate-stamping
The simplified Lapita sherds, that is, the Lapita motifs but applied with plain arc
stamping and less elaborately executed sherds, are found in the Transitional phase (Fig. 5.39c).
As indicated in Chapter 2, similarly simplified Lapita sherds are also found at the Mouk site
in the Admiralty Islands (McEldowney and Ballard 1991, see Figure 2.10j) and at the FABK
site on the Willaumez Peninsula (Specht and Torrence 2007a , see Fig. 2.13b). These kinds of
simplified Lapita sherds might specifically occur during the Transitional phase, and signify
the decline of the Lapita dentate-stamping decorative style.
A suface-collected dentate-stamped sherd is found with fine incision (Fig. 5.38e). As the
same combination of various decorative techniques are also found in the Late
Lapita/Transitional phase in the Bismarck Archipelago and western Solomon Islands, this
sherd found at the Apalo site may also be derived from the Late Lapita/Transitional phase.
A shallow flat bottom dish was found in the Transitional phase (Fig. 5.36a). The motifs
were identical to those on the shallow flat bottom dish from the Late Lapita phase (see Fig.
5.21a).
The elaborate dentate-stamped pot stands found in this Transitional layer (Fig. 5.40)
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might be the result of disturbance from the earlier Lapita contexts. In particular, the cylinder
pot stand (Fig. 5.40b), were a characteristic of the Early Lapita phase at the Talepakemalai site
in Mussau (Kirch et al. 2015).
Fine incision
The decorative motif of fine vertical incision (Fig. 5.41) was inherited from the earlier
Lapita phases. Of note is that eye motifs are not found in this phase.
Deep and straight incision
Deep and straight incision started to appear as a new decorative technique during the
Transitional phase (Fig. 5.41h, i). One of the sherds with deep and straight incisions (Fig.
5.41i) was selected for compositional analysis, and the result shows that it was locally made
with local temper sand and clay (see Chapter 9, Figure 9.22). Again, this demonstrates that the
new decorative technique was developed internally and locally in the pottery assemblage at
the Apalo site.
Round-end stick impression
Round-end stick impression was another new decorative technique, which started to
appear during the Transitional phase (Fig. 5.42f). This sherd was selected for compositional
analysis, and the result shows that it was made locally, using local temper sand and clay (see
Chapter 9, Figure 9.22). Again, this demonstrates that the new decorative technique was
developed internally and locally in the pottery assemblage at the Apalo site.
Stick impression+ gash incision+ coarse/rough incision
One rim sherd from TP1 spit 5 was decorated with stick impression combined with gash
incision and coarse/rough incision (Fig. 5.42g). This sherd was selected for compositional
analysis, and the result shows that it was made locally, using local temper sand and clay (see
Chapter 9, Figure 9.22).
Plain ware
Plain ware with lip modification was predominantly associated with outcurving rim jars
(vessel form 6) (Fig. 5.44), and to a lesser extent, with everted rim pots (vessel form 5) (Fig.
5.43). Scalloped lips were exclusively found on outcurving rim jars (vessel form 6) (Fig.
5.44d). Pure plain wares were comprised of everted rim pots (Fig. 5.43), double spouted pots,
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and the three jar-shaped vessel forms (outcurving rim jars, outcurving horizontal rim jars, and
outcurving rolled rim jars) (Fig. 5.44).
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Fig. 5.36 Transitional Phase dentate-stamping wares (flat bottom dishes, open bowls,
outcurving rim jars) at Apalo site.
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Fig. 5.37 Transitional Phase dentate-stamping wares (outcurving rim jars and outcurving
horizontal rim jars) at Apalo site.
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Fig. 5.38 Transitional Phase dentate-stamping wares (outcurving rolled rim jars and neck
sherds) at Apalo site.
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Fig. 5.39 Transitional Phase dentate-stamping wares (body sherds and carinated shoulder
sherds) at Apalo site.
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Fig. 5.40 Transitional layer dentate-stamping wares (pot stands) at Apalo site.
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Fig. 5.41 Transitional Phase fine incision, wide incision, and deep and straight incision wares
(outcurving rim jars) at Apalo site.
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Fig. 5.42 Transitional Phase fingernail impression, channelled, round-end stick impression,
and stick impression combined with coarse/rough incision wares at Apalo site.
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Fig. 5.43 Transitional Phase plain wares (everted rim pots) at Apalo site.
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Fig. 5.44 Transitional Phase plain wares (outcurving rim jars, outcurving horizontal rim jars,
and outcurving rolled rim jars) at Apalo site.
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5.2.5 Post-Lapita period
The overall decorations and vessel forms in the Post-Lapita layer, and correlations
between them, are shown in Table 5.8. The assemblage in the Post-Lapita layer should be
regarded as suspect, as the position of the sherds might be the result of disturbance from
earlier Lapita contexts, in particular, from the Transitional layer.
5.2.5.1 Decoration
Decoration in the Post-Lapita layer was dominated by fine incision (43%) and plain
wares (31%). The new decorative techniques inherited from earlier Lapita phases are still
found as minor components, comprising 1~2 % of the assemblage in the Post-Lapita period,
including fingernail impression, wide incision, shell impression, scalloped appliqué layer
combined with fingernail impression and gash incision, and round-end stick impression.
In addition, Sio and Type X pottery started to appear during the Post-Lapita period.
5.2.5.2 Vessel form
Four vessel forms were identified from the Post-Lapita period, all of which were
inherited from the earlier Lapita phases. These are predominantly outcurving rim jars (vessel
form 6) (78%), accompanied by everted rim pots (vessel form 5) (9%, n=2, one of them is Sio
pottery), and outcurving horizontal rim jars (vessel form 7) (9%). Open bowls (vessel form 2)
were also found (4%).
5.2.5.3 Correlation between vessel form and decoration
The outcurving rim jars (vessel form 6) were predominantly associated with plain wares,
and to a lesser extent, with fine incision and wide incision. Outcurving horizontal rim jars
(vessel form 7) were associated with plain wares. Everted rim pots (vessel form 5) were
associated with plain wares and Sio pottery. Open bowls (vessel form 2) were associated with
plain wares.
5.2.5.4 Post-Lapita layer pottery characteristics
5.2.5.4.1 Lapita pottery assemblage
The distinctive decorative style of scalloped appliqué layers combined with fingernail
impressions, which first appeared in the Late Lapita phase, are found in the Post-Lapita layer.
One of these is further combined with gash incisions (Fig. 5.46a), and the other is further
combined with round-end stick impressions (Fig. 5.46b).
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Table 5.8 Post-Lapita layer (spits 1-3) pottery assemblage at Apalo site.
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5.2.5.4.2 Sio pottery and Type X pottery
The exotic Sio and Type X trading wares started to appear at the Apalo site in the
Post-Lapita period (Fig. 5.47). The Sio pottery shows decorative techniques of gash incision
and wavy comb incision, and everted rim pot vessel forms, which are identical to those
reported by Lilley (2007). The Type X pottery shows an appearance of “hard and usually
shiny and greasy-feeling red-brown finish” (Lilley 1988a:92). The two Type X sherds found
at the Apalo site were either plain or possibly with appliqué knobs. One Type X sherd has the
vessel form of a carination.
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Fig. 5.45 Post-Lapita layer pottery at Apalo site.
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Fig. 5.46 Post-Lapita layer pottery at Apalo site.
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Fig. 5.47 Post-Lapita Sio and Type X pottery at Apalo site.
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5.3 Pottery Stylistic Transition through Time
Having examined the pottery assemblage in each phase, I will now examine the overall
stylistic transition through time (Tables 5.9 and 5.10; Fig. 5.48 and 5.49).

Table 5.9 Decoration transition through time at Apalo site.

Table 5.10 Vessel form transition through time at Apalo site.
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Fig. 5.48 Decoration transition through time at Apalo site.
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Fig. 5.49 Vessel form transition through time at Apalo site.
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5.3.1 Decoration
The stylistic transition at Apalo site clearly demonstrates that dentate-stamping, fine
incision, and plain wares were the major components of Lapita decorative assemblage. Plain
wares were most dominant in the Early Lapita phase (59%), and then kept roughly the same
proportion (30~40%) from the Middle Lapita phase onward. Dentate-stamping and fine
incision both accounted for the same proportions in the Early (20%) and Middle Lapita (30%)
phases. However, from the Late Lapita phase onward dentate-stamping (17%) gave way to
fine incision (30%). On the other hand, aside from wide incision, all of the new decorative
techniques started to appear in the Late Lapita phase, but were minor components of the
Lapita decorative assemblage. The exception is fingernail impression, which was somewhat
abundant, and reached 9% in the Late Lapita phase.
5.3.2 Vessel form
The stylistic transition at Apalo site clearly demonstrates that the outcurving rim jars
(vessel form 6) were predominant through time. These accounted for around 40~50% of the
total pottery assemblage in the Early and Middle Lapita phases, and their quantity increased
significantly to over 70% from the Late Lapita phase onward. The quantity of everted rim
pots (vessel form 5) was around 15~17% of vessel forms in the Early and Middle Lapita
phases, decreased dramatically to 2% in the Late Lapita phase, but increased again to around
10% from the Transitional phase onward. Outcurving horizontal rim jars (vessel form 7)
increased gradually from 3% in the Early Lapita phase to reach the highest proportion (13%)
in the Late Lapita phase, but decreased to 4% in the Transitional phase, and were restored to
9% in the Post-Lapita layer. Outcurving rolled rim jars (vessel form 8) started to appear in the
Late Lapita and Transitional phases, but these were rare (1~2%).
Flat bottom dishes (vessel form 1) constituted a rare vessel form in the Middle, Late, and
Transitional phases. Open bowls (vessel form 2) were most abundant at 24% in the Early
Lapita phase, decreased to 10% in the Middle Lapita phase, and dramatically dropped to 2%
in the Late Lapita phase. These were rarely found in the Transitional and Post-Lapita layers.
Open bowls with horizontal rims (vessel form 3) were rare (2%) in the Middle and Late
Lapita phases. Pot stands (vessel form 9) accounted for 3% of the assemblage in the Early
Lapita phase, increased to 9% in the Middle Lapita phase, and then dramatically dropped to
2% in the Late Lapita phase. Pot stands were somewhat common (6%) in the Transitional
phase, which might be due to disturbance. Double spouted pots (vessel forms 10&11) were
abundant at 12% in the Middle Lapita phase, decreased to 6% in the Late Lapita phase, and
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rarely occurred in the Transitional phase.
Of note is that open bowls and pot stands made up the same proportions, around 10%, in
the Middle Lapita phase, then decreased to 2% in the Late Lapita phase. This indicates that
the two vessel forms were utilized to an equal extent, which might indicate that they
constituted a set of vessel forms. That is, the pot stands were used to support the open bowls.
Note also that the open bowls, pot stands, and double spouted pots were found in equal
measure (10%) in the Middle Lapita phase. This indicates that the same quantities of these
three vessel forms were used, which might imply that they were used for the same occasions.
5.3.3 Vessel size
The size of each vessel form in each phase is shown in Table 5.11.
In the Early and Middle Lapita phases, flat bottom dishes (vessel form 1) were small in
size, with an orifice diameter of just 12 cm at the base. The open bowls (vessel form 2) were
medium in size, with rim diameters ranging from 22-40 cm. Bowls with horizontal rims
(vessel form 3) were the same size as open bowls, with rim diameters ranging from 18-40 cm.
Everted rim pots (vessel form 5) were medium to large in size, with rim diameters ranging
from 20-56 cm. Outcurving rim jars (vessel form 6) were medium to large in size, with rim
diameters ranging from 20-50 cm. Outcurving horizontal rim jars (vessel form 7) were small
to medium in size, with rim diameters ranging from 14-44 cm. Pot stands (vessel form 9)
were small in size, and the orifice diameter at the base ranges from 10-20 cm. One small pot
stand (Fig. 5.11a) has an orifice diameter of 4 cm at the top and 10 cm at the bottom.

Table 5.11 Vessel sizes (determined by rim diameter) at Apalo site.

In the Late Lapita phase, no vessel size measurement is available for the flat bottom
dishes and open bowls. Bowls with horizontal rims were medium in size, with rim diameters
ranging from 30-40 cm. Everted rim pots were small/medium sized, with a rim diameter of 20
cm. Outcurving rim jars were medium in size, with rim diameters ranging from 20-40 cm.
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Outcurving horizontal rim jars were small to medium in size, with rim diameters ranging from
16-34 cm. Outcurving rolled rim jars were small in size, with a rim diameter of 14 cm. Pot
stands were small in size, with an orifice diameter of 12 cm at the bottom.
In the Transitional phase, everted rim pots were small to medium in size, with rim
diameters ranging from 16-36 cm. Outcurving rim jars were medium to large in size, with rim
diameters ranging from 28-60 cm. Outcurving horizontal rim jars were small to medium in
size, with rim diameters ranging from 12-32 cm. Outcurving rolled rim jars were small to
medium in size, with rim diameters ranging from 14-28 cm at the base. Pot stands were small,
with orifice diameters ranging from 14-16 cm.
In summary, only the outcurving rim jars and everted rim pots reached a large size. The
other vessel forms were small to medium in size.

5.4 Summary
5.4.1 Manufacturing techniques
Slab construction, red-slipping, and paddle and anvil were applied from the Early Lapita
phase onward. Cracks generated by slab construction can be clearly seen in the sherd side
photos in this chapter. Red-slipping was applied, and the red-slipped clay layer has noticeably
falled from the sherd surface (see figures provided in this chapter, in particular, Fig. 5.36d and
Fig. 5.40a). Lapita pottery was usually well fired. However, they were sometimes not well
fired, and there is a visible black core layer between the wall sections (see figures provided in
this chapter). In addition, lime infill might be a characteristic of the Early Lapita phase (see
Fig. 5.2b).
5.4.2 Apalo pottery assemblage
In summary, the quantity of open bowls and pot stands decreased dramatically in the
Late Lapita phase, while that of outcurving rim jars increased significantly. At the same time,
the outcurving horizontal rim jars show a transformation from the earlier outward and open
rim direction toward a more inward and restricted rim direction (see Fig. 5.23). Also,
outcurving rolled rim jars started to appear.
Dentate-stamping, fine incision and plain wares were the major components of the Lapita
pottery decorative assemblage in the Early and Middle Lapita phases. However, in the Late
Lapita phase, dentate-stamping gave way to fine incision, and new decorative
techniques/styles started to appear. In addition, fine incision and new decorative techniques
were exclusive to outcurving rim jars, the predominant vessel form from the Late Lapita
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phase onward. Pottery with new decorative styles were made locally using local temper sands
and clay sources, which indicate that they were developed locally and internally from the
Lapita assemblage at the Apalo site.
Lapita plain wares consisted of flat bottom dishes, the two bowl vessel forms, everted
rim pots, the three jars vessel forms, and double spouted pots. Among these, everted rim pots
were exclusively associated with plain wares, except for one single example associated with
fingernail impression in the Late Lapita phase. On the other hand, Lapita dentate-stamped
wares were comprised of flat bottom dishes, the two bowl vessel forms, the three jar vessel
forms, and pot stands. Among these, pot stands were exclusively associated with
dentate-stamping.
These results are consistent with what Summerhayes (2000a:231-232) identified from
the Arawe assemblages.
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Chapter 6
Lapita to Post-Lapita Pottery Transition at Makekur (FOH) Site,
Arawe Islands

6.1 Chronology and Pottery Distribution
Among the excavated pits at the Makekur site, most are included in this study, except for
pottery from seventeen pits that were not sent to me, including TP4, TP5, TP6, TP11, TP19,
TP20, TP21(nine pits), TP22 and TP23. However, a double spouted pot from TP22 was sent
to me and is included. Pottery sherds from squares D, E, F and G are not included in this study,
because they were already examined and reported on by Summerhayes (2000a). All the spits
in each pit are reordered to accord with 10cm-depth spits.
A total of 388 diagnostic sherds are included in this study, which are conjoined from an
original 563 sherds. Among the 388 sherds, 52 were derived from the Early Lapita layer, 219
from the Middle Lapita layer, 22 from the Late Lapita layer, 38 from the Transitional layer,
and 57 from the Post-Lapita layer (Table 6.1).
6.1.1 Chronology
The chronology at the Makekur site is defined as follows, based on the evidence from
radiocarbon dating (see Table 4.1) and pottery styles:
(1) The Early Lapita phase equates with spits 18-20, dated to 3250-3000 cal BP;
(2) The Middle Lapita phase equates with spits 14-17. This layer was securely dated at
spit17 to 3000-2740 cal BP, and at spit14 to 2920-2760 cal BP;
(3) The Late Lapita phase equates with spits 9-13, and was dated to 2960-2380 cal BP at
spit 13. Spit 13 was the transitional spit between the Middle and Late Lapita layers;
(4) The Transitional phase equates with spits 4-8, for which no radiocarbon dates are
available. Spits 4 and 5 could belong to the Post-Lapita layer;
(5) The Post-Lapita period equates with spits 1-3, which is evident in the Type X pottery
concentration in these spits.
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Note: 1. Grid marked with colour and 0 value indicates that only plain sherds were found.
2. Grid marked without colour and 0 values indicates that no pottery sherds were found.
3. Blank grid with colour indicates that the original excavated spit was more than 10 cm deep. In these cases, the values of unearthed sherds are assigned to the lowest depth
of the original excavated spit. Therefore, the no-value grids means this spit was dug with the spit below it.
4. Blank grid without colour indicates no excavation.

Table 6.1 Pottery distribution by pit and spit at Makekur site (pits ordered in this table from left to right: from southern cliff, northward to the sea).

6.1.2 Pottery distribution and the implication of settlement patterns
6.1.2.1 Pottery distribution
Overall, the pottery distribution at the Makekur site shows a clear pattern, in which
pottery was initially concentrated at squares D/E/F and G/H on the northern part of the
Makekur site, then subsequently spread out to other pits over time (Table 6.1).
The Early Lapita sherds were concentrated at squares D/E/F (Summehayes 2000a:43-89)
and G/H (Table 6.1). In this study, 52 diagnostic sherds were derived from the Early Lapita
layer (spits 18-20) at H/L/S and adjacent pits, which are close to the squares D/E/F (see Fig.
4.17 for locations). 155 diagnostic sherds 16 were derived from squares D/E/F at the bottom of
unit A 17 (spits 19-20, the Early Lapita layer) (Summerhayes 2000a:44, Table 5.3). Of note is
that pits E2 and E3 are not included in Summerhayes’ analysis. Therefore, the diagnostic
sherds are even denser at squares D/E/F than reported by Summerhayes (2000a:43-44, Table
5.1 and 5.3).
There are 219 diagnostic sherds in this study from the Middle Lapita layer, concentrated
at squares G/H and adjacent pits. In addition, there are 556 diagnostic sherds derived from the
bottom units B and C (Middle Lapita layer) at squares D/E/F (Summerhayes 2000a: 44, Table
5.3).
Pottery in the Late Lapita layer decreased dramatically to 22 diagnostic sherds in this
study, distributed around the same area as the Middle Lapita phase. The dramatic decrease of
sherds is also identified at squares D/E/F, where the number of diagnostic sherds decreased
dramatically from 556 in units B and C (Middle Lapita layer) to only 133 in units D and E
(Late Lapita layer) (Summerhayes 2000a:44, Table 5.3).
The Transitional layer has only 38 sherds, distributed at the same locations as the Late
Lapita phase, but spread further to TP7 and TP8.
The Post-Lapita layer contained only 57 sherds, distributed at the same locations as the
Transitional phase.
6.1.2.2 Lapita settlement
Settlement during the Early Lapita phase was clearly based on stilt houses built over
water at the reef flat. Firstly, the ground surface of the Makekur site is only about 1m above
16

The total number of sherds derived from bottom unit A (spits 19-20, Early Lapita layer) at squares D/E/F is
1919, including diagnostic and plain sherds (Summerhayes 2000a:44, Table 5.1).
17
The stratigraphic units in Summerhayes’ (2000a) study are roughly comparable to those in this study. In
Summerhayes’ study, the bottom unit A equates with spits 19-20, which is the Early Lapita layer. The bottom
units B and C equate with spits 15-18, which is the Middle Lapita layer. The bottom units D and E equate with
spits 11-14, which is the Late Lapita layer. The top meter of deposits (spits 1-10) is not included in Summerhayes’
(2000a:43-44) study.
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today’s high water level (Gosden and Webb 1994, also from the original excavation records).
Secondly, the water level of 3000 years ago was about 1.5 m higher (Gosden and Webb 1994;
Kirch 2000:106). Therefore, this water level was about 0.5 m (50cm) above today’s ground
surface. The initial level of the Early Lapita layer (spit20, 190-200 cm in depth) would have
been 250 cm below the water level at that time. Thus, the settlement would definitely have
been built as stilt houses over water, on stilts of over 250 cm in height to keep the house,
above sea level. For example, to keep the house floor at 50 cm above sea level, the stilts
would have been around 3 m in height. The stilt house settlement pattern lasted until the
following phase, since the Middle Lapita layer (spits 14-17, 130cm-170cm in depth) was still
under water at that time. In the Late Lapita phase, it is assumed that the water level was
slowly dropping to 1 m above today’s water level, which would have been around the same
level as today’s ground surface. Therefore, the Late Lapita layer (spits 9-13, 80-130 cm in
depth) would still have been 80-130 cm below sea level at that time, so the settlement would
still have been based on stilt houses built over water. It continued to be so until the
Transitional phase (spits 4-8, 30-80 cm in depth), when the settlement was built on dry land,
as the sea level continued slowly to drop, and the deposit kept accumulating. That people
started to build on dry land in the Transitional phase is evident in the mumu stones (oven
stones) found in spit 8 and upward (from the original excavation records). The distribution of
mumu stones from this layer upward might also confirm that the underlying Late Lapita phase
still included stilt houses built over water.
The Middle Lapita settlement was a dense settlement, as evidenced by the large amount
of pottery, wooden posts, and planks found in this cultural layer (Gosden and Webb 1994;
Summerhayes 2000a, 2010; also from the original excavation records). This also indicates a
significant population increase in the Middle Lapita phase.
Pottery consumption decreased dramatically in the Late Lapita and Transitional phases,
suggesting that many Lapita people might have left the site during the Late Lapita phase. The
reason for this movement may have been due to the population increase in the earlier
Early/Middle Lapita phases. It is uncertain whether there were little or no settlements during
the Late Lapita phase. However, as mumu stones were found from spit 8 upward, this might
indicate that there were a few settlements during the Transitional and Post-Lapita phases.
6.1.3 Disturbances at Makekur site
There are highly disturbances observed at the Makekur site. These happened mostly
between the Post-Lapita and Transitional phase layers, and a little in the Late Lapita layer. In
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addition, disturbance between the Early/Middle Lapita layers through to the immediate
Post-Lapita layer is also evidenced by inconsistencies in the radiocarbon dates (see Table 4.1).
Most of the disturbances happened at TP8, TP9 and TP13. At TP8, one bullet was found
in spit 11, which may have been brought down by crabs, since crab holes are also found. The
crab holes also cause disturbances at TP9, as an iron stone was found in spit 8. At TP13, a
Lapita inward bowl from spit 3 is conjoined with one from spit 8, which indicates upward
disturbance, since spit 3 is within the Post-Lapita layer.
Some disturbances are observed in the Type X sherds, which are Post-Lapita pottery.
Two Type X sherds at pit H2 were disturbed downward to spit 8 (the Transitional layer). In
addition, Type X sherds were found from spit 1 down to spit 8 at TP16.

6.2 Pottery Assemblage in Each Lapita Phase
In this section, I describe the detailed pottery stylistic assemblage, and outline the
correlation between decoration and vessel form in each Lapita phase. The distribution of
decorations and vessel forms by spits at Makekur site is shown in Tables 6.2 and 6.3. Table
6.2 clearly demonstrates which decorative techniques started to appear in which spit.
Likewise, Table 6.3 clearly demonstrates which vessel forms are present in which spits.
6.2.1 Early Lapita
Overall decorations and vessel forms in the Early Lapita phase, and correlation between
them, are shown in Table 6.4. Only 52 of the sherds analyzed in this study were associated
with the Early Lapita phase from pit H and its adjacent pits. To understand Early Lapita
assemblage at the site, refer also to squares D/E/F (Summerhayes 2000a), which contain
another concentration of Early Lapita sherds.
Decorations in the Early Lapita phase were simple, comprising only of dentate-stamping
(23%), fine incision (8%), and plain wares (including lip modifications) (69%).
Vessel forms were dominant by everted rim globular body pots (vessel form 5) (43%) as
plain wares, and outcurving rim carinated shoulder jars (vessel form 6) (37%), associated
mostly with plain wares, but also with dentate-stamping, and accompanied by outcurving
horizontal rim jars (vessel form 7) (7%) as plain wares. Open bowls (vessel form 2) (13%)
were abundant, decorated with dentate-stamping and as plain wares. In addition, a small
rounded disc was found and recorded as ‘plug’ by the excavator (Fig. 6.4e). This small round
disc was intentionally made from broken ware, and the edge was ground until smooth. The
function of this artifact is unknown.
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Table 6.2a Distribution of decoration by spit at Makekur site (to be continued on next page).
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Table 6.2b Distribution of decoration by spit at Makekur site (Plain wares and Type X wares).

Table 6.3 Distribution of vessel form by spit at Makekur site.
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Table 6.4 Early Lapita (spits 18-20) pottery assemblage at Makekur site.

In squares D/E/F at the bottom of unit A (spit 19-20, Early Lapita layer), examples of
plain wares, dentate-stamping, fine incision, and minor fingernail impression were found
(Summerhayes 2000a: 44-45, Tables 5.4-5.6). This finding is important, as it demonstrates
that fingernail impressions were already appearing in the Early Lapita phase. In addition, it
demonstrates that dentate-stamping, fine incision, and plain wares were the major components
of Lapita assemblages in the Early Lapita phase. Vessel forms were dominated by open bowls
(23%), open bowls with horizontal rims (13%), pot stands (10%), outcurving rim jars (27%),
and everted rim pots (18%), and accompanied by outcurving horizontal rim jars (3%)
(Summerhayes 2000a:45, Tables 5.7 and 5.8). The outcurving rim jars were predominantly
associated with plain wares, and to a lesser extent, with dentate-stamping, fine incision,
fingernail impression and channelled decorations. The everted rim pots were exclusively
associated with plain wares. The outcurving horizontal rim jars were associated with
dentate-stamping and plain wares. The various bowl vessel forms were associated with
dentate-stamping and plain wares. The pot stands were exclusively associated with
dentate-stamping (Summerhayes 2000a:46, Table 5.9). The correlation between vessel form
and decoration at squares D/E/F is exactly the same as identified in this study.
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Fig. 6.1 Early Lapita dentate-stamping ware at Makekur site.
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Fig. 6.2 Early Lapita dentate-stamping and incision wares at Makekur site.
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Fig. 6.3 Early Lapita plain wares (open bowls and everted rim pots) at Makekur site.
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Fig. 6.4 Early Lapita plain wares (outcurving rim jars, outcurving horizontal rim jars, and
small round disc) at Makekur site.
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6.2.2 Middle Lapita
Table 6.5 shows overall decorations and vessel forms in the Middle Lapita phase, and
correlation between them.
6.2.2.1 Decoration
Decorations in the Middle Lapita phase were dominated by dentate-stamping (30%), fine
incision (18%), and plain wares (46%). However, brushing, fingernail impression (one
example of which was combined with fine incision), channelled (one combined with
dentate-stamping), scalloped appliqué layers with fingernail impression, and appliqué knobs
were rarely found (1~2 %).
6.2.2.2 Vessel form
Eight vessel forms were identified in the Middle Lapita phase, which were dominated by
the outcurving rim jars (vessel form 6) (46%) and everted rim pots (vessel form 5) (22%), and
accompanied by outcurving horizontal rim jars (vessel form 7) (9%). Open bowls (vessel
form 2) (9%) and pot stands (vessel form 9) (7%) were abundant. Flat bottom dishes (vessel
form 1) and double spouted pots (vessel forms 10 & 11) were present (4%). Inward bowls
(vessel form 4) (1%) were rarely found.
6.2.2.3 Correlation between vessel form and decoration
The outcurving rim jars (vessel form 6) were predominantly associated with plain wares
(mostly with lip modifications), and to a lesser extent, with dentate-stamping (Fig. 6.9; Fig.
6.12-6.16), fine incision (Fig. 6.18-6.20), and fingernail impression (Fig. 6.21). Outcurving
rim jars were also associated with channelled decoration, as neck and carinated sherds have
been found (Fig. 6.22). Everted rim pots (vessel form 5) were predominantly associated with
plain wares (Fig. 6.25- 6.27), and to a lesser extent, with brushing. One everted rim pot was
decorated with dentate-stamping (actually plain arc stamping) (Fig. 6.8a). Outcurving
horizontal rim jars (vessel form 7) were associated with dentate-stamping (Fig. 6.10-6.11) and
plain wares (Fig. 6.28). Flat bottom dishes (vessel form 1) were associated with
dentate-stamping (Fig. 6.5) and possibly with plain wares (Fig. 6.23). Open bowls (vessel
form 2) were associated with dentate-stamping (Fig. 6.6-6.7) and plain wares (Fig. 6.24). Pot
stands (vessel form 9) were associated with dentate-stamping and channelled wares (Fig.
6.17). Inward bowls (vessel form 4) were associated with plain wares (Fig. 6.25a).
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Table 6.5 Middle Lapita (spits 14-17) pottery assemblage at Makekur site.
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6.2.2.4 Middle Lapita pottery assemblage characteristics
Here I note some characteristics of the Middle Lapita pottery assemblage at the Makekur
site.
Dentate-stamping
Of note is that plain arc stamping had already appeared in the Middle Lapita phase and
was mostly associated with Anson’s (1983) motifs collection No. 35 and 496 (see Fig. 6.8a;
Fig. 6.13b; and Fig. 6.16a).
One dentate-stamping sherd has a face motif looks like a kid’s face with scarce hair (Fig.
6.12b).
A nearly complete example of an outcurving rim carinated shoulder jar was found,
mostly decorated with shell impression and a band of dentate-stamping (Anson’s motif No. 35)
on the shoulder (Fig. 6.9). This demonstrates the transition from dentate-stamping to shell
impression. This jar was derived from spit 14, which is securely dated to 2929-2760 cal BP
(Wk 32734) (see Table 4.1). This dentate and shell impressed jar was possibly exotic to the
Makekur site, as shell impression was not common in the Arawe pottery assemblages. An
abundant shell impression assemblage is found at Caution Bay on the south coast of New
Guinea (David et al. 2012; McNiven et al. 2011). A further compositional comparison of the
Caution Bay pottery assemblage might help to identify whether this dentate and shell
impressed jar came from the south coast of New Guinea.
Carve away triangles
An open bowl was found decorated with carved away triangles (Fig. 6.6b). As carved
away/cut out triangles usually decorated pot stands, this might further confirm that the open
bowls and pot stands formed a set of vessels, which was evident in the application of the same
decorative style.
Fine incision
Fine incision at the Makekur site shows eye motifs, parallel straight line motifs, straight
and curved line motifs, and cross-hatch motifs (Fig. 6.18-6.20).
Brushing
Brushing was exclusively associated with everted rim pots, and only appeared in the
Middle Lapita phase. The same pattern is found at the Apalo site.
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Fingernail impression
Of note is that fingernail impression was already present in the Middle Lapita phase at
Makekur. This finding might suggest that the stylistic transition of Lapita pottery was a
gradual process of internal evolution. One outcurving rim jar was decorated with fingernail
impressions inside the rim, and with fine incisions outside (Fig. 6.21a). This sherd
demonstrates that combinations of various decorative techniques on the same vessel were
already applied in the Middle Lapita phase. Judging by the size of fingernail prints, the Lapita
potters may have been women and young girls.
Channelled
Channelled patterns were mostly decorated on the shoulder and body under the carinated
shoulder (Fig. 6.22). In addition, this technique of decoration was possibly found on a pot
stand (Fig. 6.17c).
Channelled combined with dentate-stamping
A carinated shoulder sherd shows evidence of channelled decoration applied on the body
and combined with dentate-stamping on the shoulder (Fig. 6.16c). Again, the combination of
various decorative techniques was already applied in the Middle Lapita phase.
Scalloped appliqué layers+ Fingernail impression
An outcurving rim jar was decorated with scalloped appliqué layers combined with
fingernail impression (Fig. 6.22c). Again, the combination of various decorative techniques
was already applied. The decorative style of scalloped appliqué layers had already appeared in
the Middle Lapita phase, but demonstrates a primitive style compared to that of the Late
Lapita phase at the Apalo site, when many more layers were applied (see Fig. 5.32).
Appliqué knobs
A jar (neck sherd) was decorated with appliqué knobs (Fig. 6.22d). This sherd was
derived from spit 14, which was entering the Late Lapita phase.
Flat bottom dish (vessel form 1)
Two subtypes of flat bottom dishes were found at the Makekur, both of them were found
at the Apalo site as well. The first subtype is a small flat bottom dish, with an upside down
T-shape profile at the bottom and an orifice diameter of 8 cm (Fig. 6.5a). This is identical to
203

another example from the Apalo site (see Fig. 5.3a). This flat bottom dish has
dentate-stamping outside the vessel, as well as on the interior wall near the base. The second
subtype is a shallow outward dish with a horizontal rim (Fig. 6.5b), which is also found in the
Late Lapita (see Fig. 5.21a) and Transitional phases (see Fig. 5.36a) at the Apalo site. In
addition, flat bottom dishes might also be associated with plain wares (Fig. 6.23).
Open Bowl (vessel form 2)
Some distinctive thick walled open bowls (about 20mm in thickness) were found from
the Middle Lapita phase (Fig. 6.6a as dentate-stamping; Fig. 6.24a as plain wares). Of note is
that double spouted pots were also characterized by thick walls (see Chapter 10). As noted in
Chapter 5, open bowls, pot stands, and double spouted pots might be used on the same
occasions, as the use of these three vessel forms were in roughly the same amounts in the
Middle Lapita phase at Apalo. In addition, these three vessel forms all significantly decreased
in number from the Late Lapita phase onward.
Inward bowl (vessel form 4)
Inward bowls are always found with rounded lips. One inward bowl was found as plain
ware (Fig. 6.25a) in the Middle Lapita phase at Makekur.
The same inward bowls were also found in the Transitional layer at Makekur, decorated
with dentate-stamping, but they were very likely derived from Early/Middle Lapita contexts
due to the elabrate dentate designs and possible lime infill (see Fig. 6.33). These two inward
bowls (Fig. 6.33) are quite similar to the one found in Area B at the Talepakemalai site in
Mussau (Kirch et al. 2015, Figure 3), which was dated to around 3300-3000 BP (Kirch 2001:
206-207). In New Caledonia, inward bowls/incurved pots are found from the Lapita
assemblage, dated to 3000-2750 BP (Sand et al. 2011, Figure 2). Inward bowls are also found
in the Late Lapita layer (spits 11-14) in squares O1-O4 at the Apalo site (Summerhayes 2000a,
Figure 7.10). In addition, an inward bowl was found at the Late Lapita/Transitional Tanhuka
site on Kolombangara Island in the western Solomon Islands, with circle-stamping on the
appliqué knobs (Summerhayes and Scale 2005, see Chapter 2 Fig. 2.19l). Summerhayes noted
that the inward bowl/pot vessel form was common in later assemblages, such as the Sohano
ware from Buka, Mangaasi ware from Vanuatu, and Plum ware from New Caledonia
(Summerhayes and Scales 2005).
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Fig. 6.5 Middle Lapita dentate-stamping wares (flat bottom dishes) at Makekur site.
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Fig. 6.6 Middle Lapita dentate-stamping wares (open bowls) at Makekur site.
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Fig. 6.7 Middle Lapita dentate-stamping wares (open bowls) at Makekur site.
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Fig. 6.8 Middle Lapita dentate-stamping wares (everted rim pots and outcurving rim jars) at
Makekur site.
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Fig. 6.9 Middle Lapita dentate-stamping and shell impression ware (outcurving rim jar) at
Makekur site. The enlarged photo shows the dentate-stamping decoration on the shoulder.
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Fig. 6.10 Middle Lapita dentate-stamping wares (outcurving horizontal rim jars) at Makekur
site.
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Fig. 6.11 Middle Lapita dentate-stamping wares (outcurving horizontal rim jars) at Makekur
site.
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Fig. 6.12 Middle Lapita dentate-stamping wares (outcurving horizontal rim jars and jars) at
Makekur site.
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Fig. 6.13 Middle Lapita dentate-stamping wares (jars) at Makekur site.
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Fig. 6.14 Middle Lapita dentate-stamping wares (jars) at Makekur site.
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Fig. 6.15 Middle Lapita dentate-stamping wares (jars) at Makekur site.
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Fig. 6.16 Middle Lapita dentate-stamping wares (jars) at Makekur site.
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Fig. 6.17 Middle Lapita dentate-stamping and channelled wares (pot stands) at Makekur site.
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Fig. 6.18 Middle Lapita fine incision wares (outcurving rim jars) at Makekur site.
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Fig. 6.19 Middle Lapita fine incision wares (jars) at Makekur site.
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Fig. 6.20 Middle Lapita fine incision wares (jars) at Makekur site.
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Fig. 6.21 Middle Lapita fingernail impression wares (outcurving rim jars) at Makekur site.
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Fig. 6.22 Middle Lapita channelled, scalloped appliqué layer with fingernail impression, and
appliqué knob wares (jars) at Makekur site.
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Fig. 6.23 Middle Lapita plain wares (Flat bottom dishes?) at Makekur site.
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Fig. 6.24 Middle Lapita plain wares (open bowls) at Makekur site.
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Fig. 6.25 Middle Lapita plain wares (inward bowls and everted rim pots) at Makekur site.
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Fig. 6.26 Middle Lapita plain wares (everted rim pots) at Makekur site.
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Fig. 6.27 Middle Lapita plain wares (everted rim pots) at Makekur site.
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Fig. 6.28 Middle Lapita plain wares (outcurving horizontal rim jars) at Makekur site.
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6.2.3 Late Lapita
Table 6.6 shows overall decorations and vessel forms in the Late Lapita phase, and
correlation between them. As this study includes only 22 diagnostic sherds from the Late
Lapita phase, it may not represent the real components of Late Lapita pottery assemblage at
the site. Therefore, I also refer to the Late Lapita assemblage in squares D/E/F (Summerhayes
2000a:45, Tables 5.5-5.8)
6.2.3.1 Decoration
Decorations identified in this study from the Late Lapita phase were dominated by
dentate-stamping (18%), fine incision (9%), and plain wares (55%). In addition, fingernail
impression, scalloped appliqué layers, wide incision, and deep and straight incision were
rarely found.
Likewise, dentate-stamping, fine incision, and plain wares dominated squares D/E/F,
while fingernail impression and grooved/channelled were minor components (Summerhayes
2000a:45, Tables 5.5 and 5.6). Of note is that dentate-stamping slightly gave way to fine
incision at squares D/E/F in unit E (spits 11-12, Late Lapita layer).
6.2.3.2 Vessel form
Vessel forms in the Late Lapita phase were dominated by outcurving rim jars (vessel
form 6) (56%, n=5) and everted rim pots (vessel form 5) (22%, n=2), and accompanied by
outcurving horizontal rim jars (vessel form 7) (11%, n=1) and open bowls (vessel form 2)
(11%, n=1). Pot stands (vessel form 9) are not found in this study, and only one example was
found in squares D/E/F (Summerhayes 2000a:45, Tables 5.7 and 5.8). This might indicate that
open bowls and pot stands were disappearing by the Late Lapita phase.
6.2.3.3 Correlation between vessel form and decoration
Outcurving rim jars (vessel form 6) were predominantly associated with plain wares (Fig.
6.31), and to a lesser extent, with fine incision (Fig. 6.29), scalloped appliqué layers, and wide
incision (Fig. 6.30). Everted rim pots (vessel form 5) were exclusively associated with plain
wares (Fig. 6.31). Outcurving horizontal rim jars (vessel form 7) were associated with
dentate-stamping (Fig. 6.29). Open bowls (vessel form 2) were associated with plain wares
(Fig. 6.31).
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Table 6.6 Late Lapita (spits 9-13) pottery assemblage at Makekur site.
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6.2.3.4 Late Lapita pottery assemblage characteristics
Here I note some characteristics of the Late Lapita pottery assemblage.
Wide incision
Wide incision started to appear in the Late Lapita phase at the Makekur site (Fig. 6.30b).
The same pattern was observed at the Apalo site, which indicates that wide incision as a
decorative technique appeared in the Late Lapita phase.
Deep and straight incision
A deep and straight incision jar (neck sherd) was found (Fig. 6.29e), while this
decorative technique first appeared at the Apalo site in the Transitional phase. This indicates
that deep and straight incision as a decorative technique appeared in the Late Lapita phase.
Handle
A plain handle was found in the Late Lapita phase at Makekur site (Fig. 6.31f).
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Fig. 6.29 Late Lapita dentate-stamping, fine incision, and deep and straight incision wares
(outcurving rim jars, outcurving horizontal rim jars) at Makekur site.
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Fig. 6.30 Late Lapita scalloped appliqué layers, and wide incision wares (outcurving rim jars)
at Makekur site.
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Fig. 6.31 Late Lapita plain wares (open bowls, everted rim pots, outcurving rim jars, and
handle) at Makekur site.
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6.2.4 Transitional phase
The overall decorations and vessel forms in the Transitional phase, and correlation
between them, are shown in Table 6.7. As only 38 diagnostic sherds were analyzed, this may
not represent the real components of Transitional phase pottery assemblage at the site.
Of note is that most of the Transitional sherds were derived from TP8, TP9, and TP13,
where disturbances are observed. The disturbance is also evident by the abundant elaborate
dentate-stamped sherds found in this layer. Therefore, the Transitional pottery assemblage was
a combination of Transitional sherds and those that were disturbed from earlier Lapita
contexts, and must be examined with caution.

Table 6.7 Transitional layer (spits 4-8) pottery assemblage at Makekur site.

6.2.4.1 Decoration
Decorations in the Transitional layer were dominated by dentate-stamping (47%) and
plain wares (32%), but fine incision was also abundant (13%). Examples of fingernail
impression, poked knobs, and deep and straight incision were also found.
6.2.4.2 Vessel form
Vessel forms in the Transitional layer were dominated by outcurving rim jars (vessel
form 6) (41%), and accompanied by everted rim pots (vessel form 5) (12%). Open bowls
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(vessel form 2) (35%) were abundant, which is evidence for a high rate of disturbance, as
open bowls and pot stands would have rarely been found in the Late Lapita phase. Inward
bowl (vessel form 4) and pot stand (vessel form 9) were found, with one example each.
6.2.4.3 Correlation between vessel form and decoration
Although most of the sherds are in particular locations as a result of disturbance, they
demonstrate the same pattern of correlation between vessel form and decoration. The
outcurving rim jars (vessel form 6) were predominantly associated with plain wares (Fig.
6.36), and to a lesser extent, with dentate-stamping, fine incision, poked knobs, fingernail
impression, and deep and straight incision (Fig. 6.34-6.35). Everted rim pots (vessel form 5)
were exclusively associated with plain wares (Fig. 6.36). On the other hand, the open bowls
(vessel form 2) were associated with dentate-stamping (Fig. 6.32-6.33) and plain wares (Fig.
6.35-6.36). Inward bowls (vessel form 4) were associated with dentate-stamping (Fig. 6.33b).
Pot stands (vessel form 9) were associated with dentate-stamping (Fig. 6.37).
6.2.4.4 Transitional layer pottery characteristics
Here I note some characteristics of the pottery assemblage found in the Transitional layer.
Keep in mind that the abundant elaborate dentate-stamped sherds came to this layer as a result
of disturbance from earlier Lapita contexts.
Dentate-stamped inward bowl
The assemblage includes one elaborate dentate-stamped inward bowl (Fig. 6.33b). The
lip of the inward bowl is rounded. It is conjoined from sherds in spits 3 and 8. This inward
bowl could be connected to earlier Lapita contexts, as the dentate-stamped designs are quite
elaborate. See page 234 for more discussion.
Simplified Lapita sherd?
One jar (neck sherd) was decorated with dentate-stamping, combined with plain arc
stamping and circle-stamping, while the plain arc stamping was less elaborately executed (Fig.
6.34a). The face motif looks like a female with long hair.
Poked knobs
One jar was decorated with poked knobs inside the rim and combined with fine incisions,
with the knob poking inwards from outside of the rim (Fig. 6.34d). Poked knob decorative
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technique is also found at Lasigi (see Chapter 2, Fig. 2.14n), taken from the Transitional Dori
phase 4 layer and dated to 2120-1720 BP (Golson 1991; Specht and Gosden 1997). This
evidence might suggest that poked knobs appeared as a decorative technique in the
Transitional phase.
Deep and straight incision
One jar was decorated with deep and straight incision inside the rim (Fig. 6.35b). This
decorative technique was already present in the Late Lapita phase (Fig. 6.29e).
Thick walled carinated shoulder sherd
A thick walled carinated shoulder sherd is found (Fig. 6.36d) with a wall thickness of 20
mm.
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Fig. 6.32 Transitional layer dentate-stamping wares (open bowls) at Makekur site.
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Fig. 6.33 Transitional layer dentate-stamping wares (open bowl and inward bowl) at Makekur
site.
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Fig. 6.34 Transitional layer dentate-stamping and fine incision wares (outcurving rim jars and
pot stand) at Makekur site.
240

Fig. 6.35 Transitional layer fingernail impression and deep and straight incision wares
(outcurving rim jars), and plain wares (open bowls) at Makekur site.
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Fig. 6.36 Transitional layer plain wares (open bowls, everted rim pots, outcurving rim jars) at
Makekur site.
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6.2.5 Post-Lapita period
The overall decorations and vessel forms in the Post-Lapita period, and correlation
between them, are shown in Table 6.8.
First, note the disturbances in the Post-Lapita layer, as the dentate-stamped sherds are
found in the Post-Lapita layer (Fig. 6.37), and most were derived from TP9, where a high rate
of disturbance is observed. Thus, the Post-Lapita pottery assemblage should be examined with
caution.

Table 6.8 Post-Lapita layer (spits 1-3) pottery assemblage at Makekur site.

6.2.5.1 Lapita pottery assemblage
Decorations in the Post-Lapita layer were dominated by plain wares (32%), and
accompanied by dentate-stamping (16%), fine incision (7%) and deep and straight incision
(2%).
Vessel forms in the Post-Lapita layer were dominated by outcurving rim jars (vessel
form 6) (36%) which were in turn associated with plain wares, and everted rim pots (vessel
form 5) (32%) associated with plain wares and Type X pottery. Open bowls (vessel form 2),
inward bowls (vessel form 4), pot stands (vessel form 9), and outcurving horizontal rim jars
(vessel form 7) with dentate-stamping were also found, which again indicates disturbance
from earlier Lapita contexts. The inward bowl sherd found in this layer is conjoined with one
from the Transitional layer (Fig. 6.33b).
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6.2.5.2 Type X pottery
Type X sherds are abundant in the Post-Lapita layer at the Makekur site (44%) (Fig.
6.39-6.40). Overall, the appearance of Type X was as described by Lilley: “a hard and usually
shiny and greasy-feeling red-brown finish” (Lilley 1988a:92). Decorations of Type X pottery
found at the Makekur site include channelled (Fig. 6.39d) and fine horizontal incision (Fig.
6.39e). Some Type X sherds appear to have been painted with black horizontal bands (Fig.
6.40a, c). Vessel forms of Type X pottery found at the Makekur include possible open bowls
(Fig. 6.39b) and everted rim pots, which show a distinctive inward-rolled profile (Fig. 6.39a,
c).
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Fig. 6.37 Post Lapita layer dentate-stamping sherds at Makekur site.
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Fig. 6.38 Post-Lapita layer plain wares (everted rim pots and outcurving rim jars) at Makekur
site.
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Fig. 6.39 Post-Lapita Type X pottery at Makekur site.
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Fig. 6.40 Post-Lapita Type X pottery at Makekur site.
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6.3 Pottery Stylistic Transition through Time
After examining the pottery assemblage in each phase, I now examine the overall
stylistic transition through time (Tables 6.9 and 6.10; Fig. 6.41 and 6.42).
From the Late Lapita phase onward, the sample sizes are small, and might not represent
the real components of these phases. Also, Transitional and Post-Lapita layers were highly
disturbed. The most representative assemblages at the Makekur site are the Early and Middle
Lapita assemblages.

Table 6.9 Decoration transition through time at Makekur site.

Table 6.10 Vessel form transition through time at Makekur site.
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Fig. 6.41 Decoration transition through time at Makekur site.
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Fig. 6.42 Vessel form transition through time at Makekur site.
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6.3.1 Decoration
The pottery stylistic transition clearly demonstrates that dentate-stamping, fine incision,
and plain wares constituted the major components of Lapita decorative assemblage. Plain
wares were most common in the Early Lapita phase (69%), and then kept roughly the same
proportions (40~50%) in the the Middle and Late Lapita phases. Dentate-stamping was
dominant over fine incision in the Early and Middle Lapita phase, and gave way slightly to
fine incision at squares D/E/F in the Late Lapita phase (see above section on the Late Lapita
phase). On the other hand, all the new decorative techniques were minor components of the
Lapita decorative assemblage.
6.3.2 Vessel form
The pottery stylistic transition clearly demonstrates that the outcurving rim jars (vessel
form 6) were predominant over time, gradually increasing from 37% in the Early Lapita phase
to 56% in the Late Lapita phase. Everted rim pots (vessel form 5) were predominant at 43% in
the Early Lapita phase, but decreased to 20% in both the Middle and Late Lapita phases.
Outcurving horizontal rim jars (vessel form 7) gradually increased from 7% in the Early
Lapita phase to 11% in the Late Lapita phase. Outcurving rolled rim jars (vessel form 8) were
absent at the Makekur site.
Flat bottom dishes (vessel form 1) occurred only rarely in Middle Lapita phase. Open
bowls (vessel form 2) were abundant in both the Early Lapita (13%) and Middle Lapita phase
(9%). Pot stands (vessel form 9) were also abundant in the Middle Lapita phases (7%).
Double spouted pots (vessel forms 10&11) only occurred in the Middle Lapita phase (4%) at
Makekur site.
Also of note is that the open bowls and pot stands accounted for approximately the same
percentage of finds in the Middle Lapita phase, similar to the pattern at Apalo. This indicates
that these both formed a set of vessels. That is, the pot stands were used to support the open
bowls.
6.3.3 Vessel size
The sizes of each vessel form in each phase are shown in Table 6.11. No vessel size
measurements are available for the Late Lapita phase.
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Table 6.11 Vessel sizes (determined by rim diameter) at Makekur site.

In the Early and Middle Lapita phases, flat bottom dishes (vessel form 1) were small,
with an 8 cm diameter at the bottom. Open bowls (vessel form 2) were small to medium, with
rim diameters ranging from 16-38 cm. The inward bowl (vessel form 4) was small, with a rim
diameter of 12 cm. Everted rim pots (vessel form 5) were medium sized, with rim diameters
ranging from 26-40 cm. Outcurving rim jars (vessel form 6) were medium to large, with rim
diameters ranging from 24-56 cm. The outcurving horizontal rim jars (vessel form 7) were
small to medium, with rim diameters ranging from 14-36 cm. The pot stands (vessel form 9)
were small, with orifice diameters at the bottom of approximately 16 cm. In the Transitional
layer, open bowls were medium sized, with rim diameters ranging from 22-24 cm, and the
inward bowl was medium sized, with a rim diameter of 24 cm (Table 6.11).
Only outcurving rim jars were produced as large vessels.

6.4 Summary
In the Late Lapita phase, flat bottom dishes (vessel form 1), open bowls (vessel form 2),
pot stands (vessel form 9), and double spouted pots (vessel forms 10&11) disappeared at the
Makekur site (see Table 6.3). At the same time, outcurving rim jars (vessel form 6) gradually
increased from the Early to Late Lapita phase.
Dentate-stamping, fine incision, and plain wares were the major components of Lapita
decorative assemblage, while dentate-stamping gave way somewhat to fine incision in the
Late Lapita phase. New decorative techniques in the Late Lapita phase were wide incision and
deep and straight incision, and poked knobs first appeared in Transitional phase.
Lapita plain wares consisted of flat bottom dishes, open bowls, everted rim pots, double
spouted pots, and the two jar vessel forms. Among these, everted rim pots were
predominantly associated with plain wares, but, with rare exceptions, they were also
associated with dentate-stamping (actually plain arc stamping) (Fig. 6.8a), and with fingernail
impression at the Apalo site (see Fig. 3.36c). On the other hand, Lapita dentate-stamped wares
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consisted of flat bottom dishes, open bowls, pot stands, and the two jars. Pot stands were
exclusively associated with dentate-stamping, with only two examples associated with
channelled decoration (Fig. 6.17c).
These results were consistent with what Summerhayes (2000a:231-232) identified from
the Arawe assemblages.
Type X pottery appeared in the Post-Lapita period, and was abundant at the Makekur
site.
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Chapter 7
Lapita and Post-Lapita Pottery at Winguru (FNZ) Site, Arawe Islands

7.1 Chronology and Pottery Distribution
7.1.1 Chronology
The chronology of the Winguru site is defined by referring to the radiocarbon dates from
the nearby Paligmete site (see Table 4.1), as these two sites are adjacent, and similar deposits.
At TP5 and TP10, which were dug at the base of the cliff at Winguru, layer 1 of the
black soil midden layer definitely belongs to the Post-Lapita period, and the underlying brown
clay layer 2 could extend from the Middle Lapita to Post-Lapita period. At TP13, which was
dug at the beach, the top layer 1 of black sand is only 20 cm thick, so it should belong to the
Post-Lapita layer. The underlying layer 2, consisting of white sand, starts from 20 cm and
extends down down to the coral reef bedrock of at a depth of 170 cm. Therefore, this layer
should belong to the Post-Lapita layer down to the Middle Lapita layer. At TP6, TP7, and TP9,
which were also dug at the beach, the chronology should be the same as at TP13. As a whole,
the chronology of Winguru should be comparable between layers 1 and 2 at the base of the
cliff and at the beach.
Since TP13 was dug in spits, it might be possible to assign chronology accord with spits
by refer to that at the Apalo and Makekur sites. As indicated in Chapter 4, the chronology
accord with spits, which are securely dated and identical at both the Apalo and Makekur sites
from the Early Lapita through to the Late Lapita layer. That is, spits 18-20 equate with the
Early Lapita phase, spits 14-17 with the Middle Lapita phase, and spits 9-13 with the Late
Lapita phase. Also, spits 4-8 might equate with the Transitional phase, and spits 1-3 might
equate with the Post-Lapita period.
7.1.2 Pottery distribution
Only 88 diagnostic sherds have been derived from the Winguru site. Of these, 82 sherds
from TP5, 6, 7, 9, 10 where excavated in layers, plus surface collection at the site (Table 7.1),
and another 6 sherds from TP13 where excavated in spits (Table 7.2). These 88 sherds are
conjoined from an original 104 sherds. The total weight of these 88 sherds is 1,074 grams (1
kg).
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Table 7.1 Pottery distribution by layer at TP5, 6, 7, 9, and 10 at Winguru site.

Table 7.2 Pottery distribution by spit at TP13 at the Winguru site (columns with 0 value
indicate no diagnostic sherds but with plain sherds, columns left blank indicate aceramic).

There is evidence to suggest a hiatus in the Winguru settlement, with the presence of an
aceramic layer in spits 3-8 at TP13 18 (Table 7.2), which encompassed the Transitional phase
and immediate Post-Lapita period.
In summary, Pottery in Layer 2 might belong to the Middle and Late Lapita phases
(supposing that the Transitional phase and immediate Post-Lapita period were aceramic, as is
evident at TP13). Layer 1 belongs to the Post-Lapita period.
7.1.3 Disturbance at the Winguru site
Disturbances at the site were observed from the pottery distribution. Many
dentate-stamped sherds were brought up to the Post-Lapita layer 1 or even to the surface. This

18

All the pottery derived from TP13 was available to me, including the plain sherds. Therefore, I can identify
the aceramic layer. However, these plain sherds are not included in this study, to make the method for selecting
diagnostic sherds consistent in this thesis. There are 65 plain sherds derived from TP13, with a total weight of
554 grams.
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disturbance might be a result of crab holes or modern house structures, as the site is located at
the present day village.

7.2 Pottery Assemblage
Distributions of decoration and vessel form by layer (and in spits 16 and 17 at TP13) at
the Winguru site are shown in Tables 7.3 and 7.4. Correlation between decorations and vessel
forms is shown in Table 7.5.
As the excavations were dug in layers, there are only 88 diagnostic sherds available for
analysis, and the site is highly disturbed, it is difficult to assess the pottery transition over time.
There are no clearly defined Lapita layers by which to make a comparison. Therefore, I
describe the pottery assemblage at the Winguru site all together.
7.2.1 Decoration
Decoration at the Winguru site was dominated by dentate-stamping (39%), fine vertical
incision (16%), and plain wares (17%). Fingernail impression (11%), and snake motif
appliqué strips combined with fingernail impression (8%) were also abundant. The other
decorative techniques constituted only minor components (1~2%). These include brushing,
scalloped appliqué layers, perforation, and round-end stick impression. Post-Lapita Sio and
Type X pottery were also found.
7.2.2 Vessel form
Seven vessel forms are identified from the Winguru site, which were dominated by
outcurving rim jars (vessel form 6) (36%) and accompanied by outcurving horizontal rim jars
(vessel form 7) (21%). Open bowls (vessel form 2) (14%) and pot stands (vessel form 9)
(14%) were abundant. Flat bottom dishes (vessel form 1) (7%) and inward bowls (vessel form
4) (4%) were also found. Only one example of everted rim pots (vessel form 5) was found,
and this was associated with Sio pottery. No Lapita plain everted rim pots were found at the
Winguru site.
7.2.3 Correlation between vessel form and decoration
Outcurving rim jars (vessel form 6) were predominantly associated with plain wares, and
to a lesser extent, with dentate-stamping, fine incision, and fingernail impression. Outcurving
horizontal rim jars (vessel form 7) were associated with dentate-stamping and plain wares.
Open bowls (vessel form 2) were associated with dentate-stamping and plain wares. Pot
257

Table 7.4 Distribution of vessel form at Winguru site.

Table 7.3 Distribution of decoration at Winguru site.
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Table 7.5 Pottery assemblage at Winguru site.
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stands (vessel form 9) were exclusively associated with dentate-stamping. Flat bottom dishes
(vessel form 1) were associated with plain wares, fingernail impression, and possibly with
dentate-stamping (Fig. 7.1). Inward bowls (vessel form 4) were associated with snake motif
appliqué strips combined with fingernail impression.
7.2.4 Winguru pottery assemblage characteristics
Here I note some characteristics of the pottery assemblage at the Winguru site.
Fine vertical incision
A fine incision sherd is found decorated with eye motifs (Fig. 7.7).
Perforation
Perforation was a decorative technique that is not found elsewhere from the Arawe
assemblages in this study and from Summerhayes (2000a). The perforations were usually
placed on the upper part of the vessels, close to the rims (Fig. 7.10).
Round-end stick impression
Round-end stick impression is found (Fig. 7.11). Of note is that round-end stick
impressions are also found in the Transitional phase at the Apalo site.
Flat bottom dish (vessel form 1)
A distinctive flat bottom dish was found, decorated with fingernail impression all over
the vessel (Fig. 7.8). Its orifice diameter at the base is 12 cm. This flat bottom dish was
tempered with calcareous sand.
Another small plain flat bottom dish (Fig. 7.12) was found at TP13 spit16, which might
belong to the Middle Lapita phase. The base is concave, the rim diameter is 12 cm, and the
orifice diameter at the base is 8 cm.
Open bowl (vessel form 2)
Two dentate-stamped open bowls (Fig. 7.2) were discovered by surface collection. The
face motifs on these two open bowls are identical, and look like a chief. Both bowls were
grooved along the lip, which is a characteristic of open bowls in the Early and Middle Lapita
phases, as is evident at the Apalo and Makekur sites. This implies that these open bowls
originated in the Early/Middle Lapita phase.
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Inward bowl (vessel form 4)
One inward bowl was found, decorated with snake motif of appliqué strips combined
with fingernail impression (Fig. 7.9). The lip of this inward bowl is rounded. The distinctive
motif of snake appliqué strips is not found elsewhere in the Arawe assemblages in this study
or from Summerhayes’ study (2000a). This distinctive decorated inward bowl might originate
from the Late Lapita phase, as there might be hiatus in the pottery sequence during the
Transitional and immediate Post-Lapita phases. This inward bowl was tempered with Adi
River sand (see Chapter 9).
Thick walled wares
One thick walled (20 mm in thickness) dentate-stamped neck sherd was found (Fig. 7.5a).
The same thick walled wares are also associated with dentate-stamped open bowls (Fig. 6.6a),
plain open bowls (Fig. 6.24a), and plain jars (Fig. 6.36d) at the Makekur site. Of note is that a
thick wall is also a characteristic of double spouted pots (see Chapter 10). These thick walled
wares might be used in some sort of similar events.
Vessel size
Outcurving rim jars (vessel form 6) were medium sized, with rim diameters ranging from
20-32 cm. Outcurving horizontal rim jars (vessel form 7) were medium sized, with rim
diameters ranging from 20-30 cm. Open bowls (vessel form 2) were medium sized, with a rim
diameter of around 40 cm. Pot stands (vessel form 9) were small. The orifice diameter at the
top of the pot stands ranged from 10-14 cm. Flat bottom dishes (vessel form 1) were small,
with orifice diameters at the base ranging from 8-12 cm.
Sio and Type X pottery
Post-Lapita Sio and Type X pottery are both found at the Winguru site. One distinctive
Sio thick walled and everted neck sherd was decorated with stick impression and comb
incision (Fig. 7.14). The temper sand of this sherd is exclusively augite (see Chapter 9), which
is identical to that of the Sio pottery found at the Apalo site. One example of Type X pottery
was found at the Winguru site (Fig. 7.14). This Type X sherd was made by slab construction.
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Fig. 7.1 Lapita dentate-stamping ware (flat bottom dish?) at Winguru site.
262

Fig. 7.2 Lapita dentate-stamping wares (open bowls) at Winguru site.
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Fig. 7.3 Lapita dentate-stamping wares (open bowls and outcurving rim jars) at Winguru site.
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Fig. 7.4 Lapita dentate-stamping wares (outcurving horizontal rim jars) at Winguru site.
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Fig. 7.5 Lapita dentate-stamping wares (jars) at Winguru site.
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Fig. 7.6 Lapita dentate-stamping wares (pot stands) at Winguru site.
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Fig. 7.7 Lapita dentate-stamping and fine incision wares (jars) at Winguru site.
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Fig. 7.8 Fingernail impression ware (flat bottom dish) at Winguru site.
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Fig. 7.9 Snake motif appliqué strips combined with fingernail impression wares (inward
bowl?) at Winguru site.
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Fig. 7.10 Fingernail impression and perforation wares (outcurving rim jars) at Winguru site.
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Fig. 7.11 Scalloped appliqué layers and round-end stick impression wares at Winguru site.
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Fig. 7.12 Lapita plain ware (flat bottom dish) at Winguru site.
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Fig. 7.13 Plain wares at Winguru site.
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Fig. 7.14 Post-Lapita Sio and Type X pottery at Winguru site.
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7.3 Summary
7.3.1 Hiatus in occupation?
The Winguru site may have been abandoned during the Transitional phase and
immediate Post-Lapita period, as evidenced by the aceramic layer at TP13. The site was
abandoned for a few hundred years. Between 1410-780 cal BP, people came back to Winguru
and settled on the defensive hilltop overlooking the sea. These people might be the ancestors
of the present day Winguru villagers, who relocated their villages to the beach a few hundred
years ago. However, the above scenario needs further testing, as the sample size derived from
the Winguru site is too small to reach a firm conclusion. There is a possibility that pottery
could be found in the aceramic layer nearby, and further investigation is needed.
7.3.2 Pottery assemblage at Winguru site
In summary, although no defined chronology with pottery styles can be investigated
relating to pottery transition over time, the overall decorations, vessel forms, and correlation
between these are similar to the Apalo and Makekur assemblages. Also, the correlation
between vessel sizes and vessel forms is identical to the Apalo and Makekur assemblages.
This indicates that Lapita pottery production may have been highly standardized.
At Winguru, the distinctive snake motif appliqué strips of the inward bowl, the fingernail
impressions covering the flat bottom dish, and perforation styles not found at any other sites
in the Arawes could be of Late Lapita context.
Post-Lapita Sio and Type X pottery are also found at the Winguru.
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Chapter 8
Late Lapita and Transitional Phases Pottery at FSZ and FAO Sites,
Garua Island

8.1 Late Lapita and Transitional Phase Pottery at FSZ site
161 diagnostic sherds out of a total of 4,550 excavated from the FSZ site (Specht and
Torrence 2007b, Table. 1) were analyzed in this study. These 161 sherds, which weigh a total
of 710 grams, represent almost all the diagnostic sherds excavated from FSZ site. These 161
sherds were selected from the main 4×4m squares (pits 12/92-15/95, sixteen pits) plus pit
14/88 from the 1992 excavation, and three pits (17/96, 17/98, 17/100) from the 1993
excavation (see Fig. 4.21 for location).
I have grouped and analyzed these sherds together from the FSZ site as a Late Lapita and
Transitional phase pottery assemblage, as most of the radiocarbon dates fall into these two
phases 19. In addition, only three spits were excavated from the main squares at the site, and no
clear agreement between the stratigraphy and the radiocarbon date can be defined in the
Lapita pottery bearing layer (see Table 4.1). This might also indicate some degree of
disturbance. Disturbances were also observed by conjoining the sherds from different spits.
The distribution of pottery at the FSZ site is shown in Table 8.1. The distribution of
decorations and vessel forms are shown in Tables 8.2 and 8.3, respectively. Correlation
between vessel form and decoration is shown in Table 8.4.
The main squares for the 1992 excavation are located at the center of the hilltop, where
the ground surface is flatter. The three pits dug in 1993 (17/96, 17/98, 17/100) are located on
the slope at the edge of the hilltop, where the deposit of the Lapita pottery bearing layer is
thicker than the main squares from 1992. Therefore, there are more 10 cm spits, and pottery
sherds are also more abundant in the three pits from 1993. This might be due to people
consistently sweeping garbage from the settlement at the center to the edge of the hilltop, thus
resulting in a deeper deposit with more abundant artifacts.

19

Only one radiocarbon date fall into the Middle Lapita phase from FSZ site (see Table 4.1). Therefore, there
might be a few Middle Lapita sherds present at the FSZ site.
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Table 8.2 Distribution of decoration by spit at FSZ site.

Table 8.1 Pottery distribution by pit and spit at FSZ site.
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Table 8.4 Pottery assemblage at FSZ site.

Table 8.3 Distribution of vessel form by spit at FSZ site.
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8.1.1 Decoration
Decoration at the FSZ site was dominated by dentate-stamping (50%) and plain wares
(27%). Shell impression was abundant at the FSZ site (9%). The remaining decorative
techniques were minor components, including fine incision (4%), brushing (2%), notched
band (1%), channelled (1%), fingernail impression (4%), short incision (2%), gash incision
(1%), and appliqué knobs (1%).
8.1.2 Vessel form
Vessel forms at the FSZ were dominated by outcurving rim jars (vessel form 6) (78%),
and accompanied by outcurving horizontal rim jars (vessel form 7) (17%). Open bowls
(vessel form 2) (2%) and everted rim pots (vessel form 5) (3%) were rarely found.
8.1.3 Correlation between vessel form and decoration
Outcurving jars (vessel form 6) were predominantly associated with plain wares, but also
with dentate-stamping, shell impression, fingernail impression, and short incision. Outcurving
horizontal rim jars (vessel form 7) were associated with dentate-stamping and plain wares,
and also with shell impression combined with dentate-stamping. Everted rim pots (vessel
form 5) were associated with dentate-stamping and plain wares. Open bowls (vessel form 2)
were associated with dentate-stamping. Again, the correlation between vessel form and
decoration was highly standardized and identical to the Arawe assemblages.
8.1.4 FSZ pottery assemblage characteristics
Here I note some characteristics of the FSZ pottery assemblage.
Dentate-stamping
Dentate-stamping found at the FSZ site is usually coarser, and plain arc stamping is
abundant (Fig. 8.1-8.3).
Shell impression
Shell impression is aboundant at the FSZ site (Fig. 8.4-8.5).
Short incision (arrowhead motifs), gash incision, and appliqué knobs
Short incision was mostly designed as arrowhead motifs (Fig. 8.6). Of note is that both
gash incision and appliqué knobs are only found in spit 1, which could indicate that they
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appeared later in the Transitional phase.
The short incision, gash incision and appliqué knobs found at the FSZ site are quite
similar to the decorative techniques and motifs found on Sio pottery from the Vitiaz Strait
(Lilley 2007, see also Chapter 2, Fig. 2.7). As noted in Chapter 1, there may have been a
movement of people from the north coast of New Britain through the Vitiaz Strait to the north
coast of New Guinea based on linguistic study (Ross 1988, 1989). Lilley (2002, 2004)
suggests that this movement was caused by the W-K3 volcanic eruption around 1740-1540 BP
(Petrie and Torrence 2008). Therefore, the appearance of Sio pottery could be an influence or
a result of the movement of Lapita people from north coastal New Britain to the Huon
Peninsula, bringing with them this decorative style. However, this is just one possible scenario,
and needs to be confirmed.
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Fig. 8.1 Late Lapita and Transitional phase dentate-stamping wares (open bowls, outcurving
rim jars, outcurving horizontal rim jars) at FSZ site.
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Fig. 8.2 Late Lapita and Transitional phase dentate-stamping wares at FSZ site.
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Fig. 8.3 Late Lapita and Transitional phase dentate-stamping wares at FSZ site.
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Fig. 8.4 Late Lapita and Transitional phase shell impression wares at FSZ site.
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Fig. 8.5 Late Lapita and Transitional phase shell impression and fine incision wares at FSZ
site.
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Fig. 8.6 Late Lapita and Transitional phase short incision, gash incision, and appliqué knobs
wares at FSZ site.
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Fig. 8.7 Late Lapita and Transitional phase fingernail impression and brushing wares at FSZ
site.
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Fig. 8.8 Late Lapita and Transitional phase plain wares at FSZ site.
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8.2 Late Lapita and Transitional Phase Pottery at FAO Site
48 diagnostic sherds were included in this study, from a total of 676 sherds excavated at
the FAO site. These 48 diagnostic sherds, weighing 235 grams in total, represent most of the
decorated sherds at the FAO site. A few decorated sherds were not chosen, because they are
too small (less than 1 gram) and too weathered to offer useful information.
I have grouped and analyzed these together as a Late Lapita and Transitional phase
pottery assemblage, as only 48 sherds were analyzed, and the radiocarbon dates all fall into
these two phases at the FAO site (see Table 4.1).
Distribution of pottery by pit and spit is shown in Table 8.5. This shows that most of the
sherds derived from pit 970/1000, which is on the western slope of the hilltop. Distributions
of decoration and vessel form by spit are shown in Tables 8.6 and 8.7. Correlation between
vessel form and decoration is shown in Table 8.8.
8.2.1 Decoration
Decorations at the FAO site were dominated by dentate-stamping (19%), fingernail
impression (29%), and plain wares (19%). In addition, brushing (10%), appliqué notched
band (6%) and appliqué knobs (8%) were abundant. On the other hand, fine incision,
circle-stamping, and stick impression were minor components (2~4%).
8.2.2 Vessel form
Vessel forms at the FAO site were dominated by outcurving rim jars (vessel form 6)
(86%), while the remainder included outcurving horizontal rim jars (vessel form 7) and
possibly a double spouted pot (vessel forms 10&11).
8.2.3 Correlation between vessel form and decoration
The outcurving rim jars (vessel form 6) were predominantly associated with plain wares,
but also with fingernail impression, appliqué bands and knobs. The outcurving horizontal rim
jars (vessel form 7) were associated with appliqué knobs. A possible double spouted pot
(vessel forms 10&11) was associated with plain wares.
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Table 8.6 Distribution of decoration by spit at FAO site.

Table 8.5 Pottery distribution by pit and spit at FAO site.
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Table 8.8 Pottery assemblage at FAO site.

Table 8.7 Distribution of vessel form by spit at FAO site.
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8.2.4 FAO pottery assemblage characteristics
Here I note some characteristics of the FAO pottery assemblage.
Dentate-stamping
Dentate-stamping at FAO site was coarser, and usually combined with appliqué bands
(Fig. 8.9).
Circle-stamping
A distinctive circle-stamping sherd was found (Fig. 8.10c). This sherd was possibly made
locally, according to results of compositional analysis (see Chapter 9, Fig. 9.33), but further
investigation is needed to reach a firm conclusion. The same circle-stamped sherd was found
in the Sohano style on Buka Island (see Chapter 2, Fig. 2.16f), and dated to 2200-1400 BP
(Wickler 2001:6). In addition, circle-stamping is also found in Lapita assemblages from
Kamgot (Summerhayes, personal communication).
Appliqué bands and appliqué knobs
Appliqué bands and knobs are abundant at the FAO site (Fig. 8.9 and 8.11).
Stick impression
Stick impression is found on a detached sherd (Fig, 8.13c). The detachment is long, thin,
curved, and broken at both ends. The cross-section is rounded, but with a flat bottom (half
dome shape).
Plain ware
A plain outcurving rim jar was found with a distinctive thin wall (Fig. 8.13d). The
thickness of this wall is only 1.9 mm.
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Fig. 8.9 Late Lapita and Transitional phase dentate-stamping wares at FAO site.
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Fig. 8.10 Late Lapita and Transitional phase dentate-stamping, circle-stamping, fine incision,
and brushing wares at FAO site.
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Fig. 8.11 Late Lapita and Transitional phase appliqué knobs and appliqué band wares at FAO
site.
296

Fig. 8.12 Late Lapita and Transitional phase fingernail impression wares at FAO site.
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Fig. 8.13 Late Lapita and Transitional phase brushing, stick impression, and plain wares at
FAO site.
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8.3 Summary
At the FSZ site, dentate-stamping was still dominant, while fine incision was just a
minor component. Of note is that shell impression was abundant. This indicates that the FSZ
site was characterized by an assemblage of dentate-stamping plus shell impression.
At the FAO site, dentate-stamping gave way to fingernail impression, while fine incision
was a minor component. In addition, appliqué bands/knobs were abundant. This indicates that
the FAO site was characterized by an assemblage of dentate-stamping plus fingernail
impression and appliqué bands/knobs. Of note is that appliqué bands/knobs are also abundant
on dentate sherds, which demonstrates that these new decorative techniques were developed
internally from the Lapita assemblage.
The predominance of outcurving rim jars (vessel form 6) at both the FAO and FSZ sites
(both about 80%) again confirms that outcurving rim jars constituted the predominant vessel
form in the Late Lapita and Transitional phases.
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Chapter 9
Pottery Production and Exchange in West New Britain: Results of
Temper Sand and Clay Paste Composition Analysis

A total of 150 sherds were selected for compositional analysis in this study (Table 9.1). A
comprehensive analysis is undertaken at the Apalo (FOJ) and FSZ sites, while, due to time
constraints, only critical samples are selected for analysis from the the Makekur (FOH),
Winguru (FNZ) and FAO sites. In addition, one distinctive hornblende Lapita sherd from the
Amalut (FOL) site is included. Amalut was a Late Lapita site on the coastal mainland,
adjacent to the Arawe Islands.
The samples are selected from different phases/layers, different temper types, different
decorative techniques and vessel forms. The purpose is to select a sample suite that represents
the pottery assemblage at each site.

Table 9.1 SEM sample size selected from each site in this study.

9.1 Temper Sand Sources in West New Britain
9.1.1 Results of modern local sand samples compositional analysis
Samples of river sand have been collected from the four rivers on the south coast of west
New Britain, as well as beach sands from Garua Island and Walindi Beach, further to the
south on the Willauemez Peninsula on the north coast of New Britain (Fig. 9.1).
Summerhayes (2000a:168) analyzed these sand samples, and argued that these were the
sources of materials for producing Lapita pottery on the Arawe Islands and Garua Island.
A further and more quantifiable compositional analysis of these river and beach sands is
undertaken in this study. The results demonstrate that the textures and compositions of these
sand samples (Table 9.2) are exactly the same as the temper sands identified from the Arawes
and Garua sherds.
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The mineral abbreviations used in this study follow Dickinson (2006): ‘Ca’ indicates calcareous; ‘cpx’ indicates clinopyroxene; ‘M’ indicates magnetite; ‘hbl’ indicates hornblende;
‘P’ indicates plagioclase; ‘Q’ indicates quartz; ‘H’ indicates hematite.
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Table 9.2 Texture and composition of local sand samples from west New Britain 20 (unit of measurement: %).

Fig. 9.1 Sand samples collected in west New Britain (from Summerhayes 2000a, Figures11.1 and 11.2).

I describe these modern local sand samples as follows:
(1) Adi River: This river sand contains predominantly clinopyroxene (80%, mainly
augite), accompanied by magnetite (10%). Plagioclase and quartz are rare, hematite is present.
A few calcareous sands are found (6%), as the sand sample was collected at the mouth of the
river, where contains calcareous sand derived from the sea. The texture of this river sand is
medium to coarse and subangular (Fig. 9.2).
The texture and composition of Adi river sand is exactly the same as the clinopyroxene+
magnetite (cpx+M) temper type (see Fig. 9.10) identified in the Arawe sherds.

Fig. 9.2 Thin section image and electron image of Adi River sand (cpx+M temper type). In
thin section image, augite is pale green in color while magnetite is black. Hematite is red. In
electron image, all unmarked mineral grains are augite (grey) and magnetite (bright white).
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(2) Pulie River: this river sand contains mainly plagioclase (11%), quartz (9%), and
clinopyroxene (20%, both pigeonite and augite are abundant). Rock fragments (7%), volcanic
glass (11%), magnetite (8%) and hematite (15%) are abundant. The hematite grains in this
river sand are medium to coarse, and quite visible. The presence of bauxite (6%) is a
characteristic of Pulie River sand. A few calcareous sands are present (11%) as the sample
was collected at the mouth of the river with calcareous sand derived from the sea. The texture
of this river sand is medium sized and subangular (Fig. 9.3).
The texture and composition of Pulie River sand is the same as the plagioclase+ quartz+
clinopyroxene (P+Q+cpx) temper type (see Fig. 9.11) identified in Arawe sherds.

Fig. 9.3 Thin section image and electron image of Pulie River sand (P+Q+cpx temper type).
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(3) Anu River: this river sand contains predominantly plagioclase (30%) and quartz
(20%). Among the various plagioclases, oligoclase is abundant, which characterizes Anu
River sand. Hematite is abundant in this river sand and the texture is fine and rounded. The
texture of this river sand is fine and angular to subangular (Fig. 9.4).
The texture and composition of Anu River sand is exactly the same as the plagioclase+
quartz (P+Q) fine grain temper type (see Fig. 9.12) identified in Arawe sherds. The grain
shape of present day Anu River sands is not as angular as during the Lapita period at
3300-1700 BP. This may be because the river sand was gradually eroded through time.

Fig. 9.4 Thin section image and electron image of Anu River sand (P+Q fine grain temper
type). In the electron image, most of the unmarked mineral grains are quartz.
(4) Alimbit River: this river sand contains predominantly magnetite (82%), accompanied
by clinopyroxene (8%, both pigeonite and augite are abundant). Plagioclase and quartz are
rare in this river sand. The texture of this river sand is fine and rounded (Fig. 9.5).
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The texture and composition of Alimbit River sand is exactly the same as the magnetite
(M) temper type identified in Arawe sherds (see Fig. 9.14).

Fig. 9.5 Thin section image and electron image of Alimbit River sand (M temper type). Most
of the mineral grains are magnetite.
(5) Garua wharf beach: this beach sand contains predominantly plagioclase (35%),
accompanied by rock fragments (28%), volcanic glass (10%), quartz (13%), clinopyroxene
(5%), and hematite (5%). The texture of this beach sand is medium to coarse and subangular
(Fig. 9.6).
The texture and composition of Garua wharf beach sand resembles the plagioclase (P)
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temper type or the plagioclase+ quartz (P+Q) temper type identified in Garua sherds.

Fig. 9.6 Thin section image and electron image of Garua wharf beach sand (P temper type or
P+Q temper type).
(6) Garua, below FRE beach: this beach sand contains predominantly plagioclase (33%)
and rock fragments (45%), and is accompanied by volcanic glass (13%), quartz (4%),
clinopyroxene (3%), and hematite (2%). The texture of this beach sand is medium to coarse
and subangular (Fig. 9.7).
The texture and composition of beach sand from Garua, below FRE, resembles the
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plagioclase (P) temper type or the rock temper type identified in Garua sherds.

Fig. 9.7 Thin section image and electron image of beach sand from Garua, below FRE (P
temper type or rock temper type).
(7) Walindi Beach: this beach sand contains predominantly plagioclase (46%),
accompanied by rock fragments (33%), volcanic glass (5%), quartz (9%), and clinopyroxene
(6%). Hematite and ilmenite are absent. The texture of this beach sand is medium to coarse
and subangular (Fig. 9.8).
The texture and composition of Walindi beach sand resembles the plagioclase (P) temper
type in Garua sherds. However, because hematite and ilmenite are absent from this beach sand,
in spite of being common minerals in the local P temper type sand of FSZ and FAO sherds,
Walindi beach sand is not the temper source of the FSZ and FAO sherds.
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Fig. 9.8 Thin section image and electron image of Walindi beach sand (P temper type).
9.1.2 Summary of temper sources in west New Britain
It is clear that the the local river sands and beach sands were the temper sources in use to
make Lapita pottery on the Arawe Islands and Garua Island, as Summerhayes (2000a:168) has
suggested.
For the Arawe Lapita sherds, the Adi River was the source of the clinopyroxene+
magnetite (cpx+M) temper type sand, Pulie River was the source of the plagioclase+ quartz+
clinopyroxene (P+Q+cpx) temper type sand, Anu River was the source of the plagioclase+
quartz (P+Q) fine grain temper type sand, and Alimbit River was the source of the magnetite
(M) temper type sand (see Table 9.2).
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In addition, the calcareous (Ca) temper type of Arawe sherds (see below) might have
been collected from the local beach on the Arawe Islands, due to the high proportions (80~90
%) of calcareous sand. Among the samples collected from the river mouths, the proportion of
calcareous sand is usually not very high (1~8 %), with only the Anu River containing a higher
proportion of calcareous sand (32%) (see Table 9.2). This further implies that the Ca hybrid
temper types of calcareous sand mixed with the river sand (see below) might have been
intentionally mixed in by ancient potters.
Moreover, another two modern river sand samples that were not collected might have
been the source of the plagioclase+ quartz+ clinopyroxene+ magnetite (P+Q+cpx+M) temper
type and plagioclase+ quartz (P+Q) coarse grain temper type of the Arawe sherds (see below).
Of note is that the cpx+M temper type collected from the Adi River was the most favored
temper sand to produce Lapita pottery on the Arawe Islands (see below). A plain body sherd
chosen from spit 20 (Early Lapita layer) was identified as having been tempered with Adi
River sand. This means that Lapita people already had access to the local river sand when
they first arrived at Apalo. Lapita people might have known and got access to the resource of
Adi River sand well before they moved to the Arawe Islands. The small islands off the mouth
of Adi River might be a good area in which to find Lapita sites.
For the Garua Lapita sherds, local beach sands were the temper sources, and the texture
and composition of the beach sands collected at different locations on Garua Island are quite
similar.

9.2 Results of Apalo Pottery Compositional Analysis
97 sherds were selected from the Apalo site for composition analysis (Table 9.3). Of
these, three were selected from the Early Lapita (spits 18-20), 29 from the Middle Lapita
(spits 14-17), 27 from the Late Lapita (spits 9-13), 20 from the Transitional (spits 4-8), and 18
from the Post-Lapita layer (spits 1-3).

Table 9.3 SEM sample size selected from each Lapita phase at Apalo site.
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Table 9.4a Apalo temper type, texture and composition (97 samples, to be continued on next page) (unit of measurement: %).
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Table 9.4b Apalo temper type, texture and composition (97 samples) (unit of measurement: %).
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9.2.1 Apalo temper sands
9.2.1.1 Temper types
There are 7 local temper types (Ca, cpx+M, P+Q+cpx, P+Q fine grain, P+Q coarse grain,
M, P+Q+cpx+M) plus 4 exotic temper types (hbl, cpx, H, rock+P+Q+cpx) found at the Apalo
site (Table 9.4). The temper types are distinguished from each other by their textures and
compositions. I describe the temper types at Apalo site as follow:
(1) Calcareous and Calcareous hybrid (Ca and Ca hybrid): This temper type contains
predominantly calcareous sand (Fig. 9.9), but sometimes the calcareous sand was mixed with
the local river sand (see Table 9.4).

Fig. 9.9 Thin section image and electron image of Ca temper type at Apalo site (sample: FOJ
Z1 Spit17 02). All unmarked grains are calcareous sand.
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(2) Clinopyroxene+ Magnetite (cpx+M): This temper type contains predominantly
clinopyroxene (50~80%, mainly augite) and magnetite (20~50%). Plagioclase and quartz are
rare, or exist as tiny grains. The grain size of augite is medium to coarse, and it can be seeon
on the sherd surface with the naked eye. The temper shape is subangular (Fig. 9.10).

Fig. 9.10 Thin section image and electron image of cpx+M temper type at Apalo site (sample:
FOJ Z2 Spit17 03).
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(3) Plagioclase+ Quartz+ clinopyroxene (P+Q+cpx): this temper type contains
predominantly plagioclase (10~30%, andesine antiperthite, labradorite, bytownite, and
anorthite are all abundant), quartz (10~30%) and clinopyroxene (10~40%, both pigeonite and
augite are abundant). Rock fragments are abundant in this temper type (10~20%). Hematite is
also abundant in this temper type (around 10%). The hematite grains are coarse and red, and
are visible from the sherd surface with the naked eye. Bauxite is abundant, and characterizes
this temper type. The temper texture is medium to coarse and subangular (Fig. 9.11).

Fig. 9.11 Thin section image and electron image of P+Q+cpx temper type at Apalo site
(sample: FOJ Z3 Spit12 01). In the thin section image, plagioclase and quartz are colorless,
while hematite is red, and the rock fragments are dark grey.
(4) Plagioclase+ Quartz (P+Q) with fine grain: This temper type contains predominantly
plagioclase (40~60%, mainly andesine antiperthite and labradorite, with lesser quantities of
oligoclase and bytownite) and quartz (20~30%). An abundance of oligoclase (3~10%)
characterizes this temper type. Rock fragments (5~10%), volcanic glass (3%), hornblende
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(1~3%), and hematite (5~15%) are common. The hematite grains in this temper type are fine
and rounded. The temper texture is fine and angular to subangular (Fig. 9.12).

Fig. 9.12 Thin section image and electron image of P+Q fine grain temper type at Apalo site
(sample: FOJ Z4 Spit15 03). Most mineral grains not marked are quartz.

(5) Plagioclase + Quartz (P+Q) coarse grain: this is another P+Q temper type, containing
predominantly plagioclase (30~40%) and quartz (10~20%). However, the temper texture is
medium to coarse and subangular, which distinguishes it from the P+Q fine grain temper type.
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In addition, rock fragments (20~40%) are far more abundant in this temper type (Fig. 9.13).

Fig. 9.13 Thin section image and electron image of P+Q coarse grain temper type at Apalo
site (sample: FOJ Z1 Spit15 04).

(6) Magnetite (M): this temper type contains predominantly magnetite (60~90%),
accompanied by clinopyroxene (10~30%, both pigeonite and augite are abundant).
Plagioclase and quartz are rare. The temper texture is fine and rounded (Fig. 9.14).
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Fig. 9.14 Thin section image and electron image of M temper type at Apalo site (sample: FOJ
Z1 Spit18 01).

(7) Plagioclase+ Quartz+ clinopyroxene+ Magnetite (P+Q+cpx+M): this temper type
contains equal quantities of plagioclase (10~30%), quartz (10~30%), clinopyroxene (10~40%,
both pigeonite and augite are abundant), and magnetite (10~30%). The temper texture is fine
and angular to subangular (Fig. 9.15).
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Fig. 9.15 Thin section image and electron image of P+Q+cpx+M temper type at Apalo site
(sample: FOJ Z3 Spit16 05).

(8) Hornblende (hbl): this temper type contains predominantly hornblende (40~50%),
accompanied by plagioclase (20~30%), magnetite (5~10%), and rock fragments (10~20%)
(Fig. 9.16). The hornblende grains in this temper type have very good cleavage at 56 degrees.
Among the various plagioclases, labradorite is the predominant plagioclase (Table 9.4). The
hornblende grains are green, brown, or red-brown in color. Rock fragments in this hornblende
temper type are usually milky-white in color, and coarse grained, so that the milky-white rock
fragments are visible in the pottery side photos (Fig. 9.35-37).
This hornblende temper type is associated with Lapita pottery, and is identified as exotic
to the Apalo because only four sherds were found. Their exotic nature is confirmed by the
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clay PCA analysis (see below) plus the fact that it may not have been available at a local west
New Britain temper source (see section 9.1).

Fig. 9.16 Thin section image and electron image of hornblende temper type at Apalo site
(sample: FOJ Z4 Spit16 01). In the electron image, all unmarked mineral grains are
hornblende and magnetite (bright white).

(9) cpx (Augite): this temper type is associated with the Post-Lapita Sio pottery. This
temper type contains predominantly clinopyroxene (mainly augite, 80~95%), and
accompanied by minor rock fragments (1~10%) and plagioclase (2%). The temper texture is
medium and subangular (Fig. 9.17).
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Fig. 9.17 Thin section image and electron image of augite (cpx) temper type at Apalo site
(associated with Post-Lapita Sio pottery) (sample: FOJ TP12 Spit1 01). Most of the unmarked
mineral grains are augite.

(10) Hematite (H): this temper type is associated with the Post-Lapita Type X pottery.
Most of the Type X sherds found on Arawe Islands are associated with this temper type. This
temper type might be classified as temper free because the mineral grains embedded in the
clay matrix look like part of the clay matrix. It contains predominantly hematite (60~90%),
and the hematite grains are coarse enough to identify on the sherd’s surface with the naked
eye. However, those hematite grains appear to be part of the clay matrix, judging from the
thin section and electron images, rather than having been intentionally added as temper sand.
This is because the hematite grains do not have clear boundaries separating them from the
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clay matrix (Fig. 9.18). This temper type is usually accompanied by a small quantity of
clinopyroxene (predominantly augite), plagioclase, alkali feldspar, and quartz, which are
possibly also just part of the clay matrix, due to their tiny size, scarcity, and having been
scattered in the clay matrix.

Fig. 9.18 Thin section image and electron image of hematite (H) temper type of Type X
pottery at Apalo site (sample: FOJ Z3 Spit1 01).

(11) rock+P+Q+cpx: this is another temper type associated with the Post-Lapita Type X
sherd. It contains predominantly rock fragments (35%), plagioclase (14%, mainly andesine
antiperthite and bytownite), quartz (12%), and clinopyroxene (26%, mainly augite). Alkali
feldspar is abundant in this temper type (6%). The temper texture is fine to medium and
subangular (Fig. 9.19).
This indicates that at least 2 temper types were used to produce Type X pottery. Among
the Type X pottery found on the Arawe Islands, only one sherd is associated with this temper
type (FOJ TP6 Spit1 01, see Fig. 5.47f).
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Fig. 9.19 Thin section image and electron image of another temper type associated with Type
X pottery at Apalo site (sample: FOJ TP6 Spit1 01).

9.2.1.2 Distribution of temper types
Distribution of temper types by spits and layers at the Apalo site are shown in Tables 9.5
and 9.6. Of note is that the two different P+Q temper types (P+Q fine grain and P+Q coarse
grain) are not distinguished in the Table.
Among the seven local temper types, cpx+M was dominant (36%). The M temper type
was the second most abundant (20%). The P+Q+cpx temper type accounts for 14%, the
P+Q+cpx+M temper type accounts for 9%, and the two P+Q temper types account for 6% of
the total. The Ca and Ca hybrid temper types account for 15%, and were predominant in the
Early Lapita phase, before they decreased in use over time.
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Table 9.5 Distribution of temper type by spit at Apalo site.
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Table 9.6 Distribution of temper type in each Lapita phase at Apalo site (quantity and
proportion).

9.2.1.3 Summary of Apalo temper sands
It is demonstrated that there is no correlation between decorations, vessel forms and
temper types (Table 9.4). That is, the same temper type was used to produce pottery of
different decorations and vessel forms.
All seven local temper types were kept in use from the Early Lapita through to the
Post-Lapita period (Tables 9.5 and 9.6), except for the P+Q temper type, the use of which
started in the Middle Lapita phase. This indicates that most Lapita pottery was made locally,
from the available local temper resources, despite the pottery styles changing over time. This
finding is consistent with Dickinson’s (2006) study. After examining Oceania pottery temper
sands from each region, Dickinson argued that “temper sands in Lapita and Post-Lapita sherds
from the same locales are indistinguishable and show that salient temper contrasts are
controlled by island geology rather than habits of ancient potters ” (Dickinson 2006:1).
Of the seven local temper types (Ca and Ca hybrid, cpx+M, P+Q+cpx, P+Q fine grain,
P+Q coarse grain, M, P+Q+cpx+M), four match the modern local river sands collected from
west New Britain (cpx+M was from Adi River, P+Q+cpx was from Pulie River, P+Q fine
grain was from Anu River, M was from Alimbit River). The Ca and Ca hybrid temper type
might have been collected from the local beach on the Arawe Islands. The P+Q+cpx+M and
the P+Q coarse grain temper types might have been collected from unknown but local west
New Britain sources, as suggested by their abundance in the Apalo Lapita sherds. A glance at
Google Maps shows that there are still a few rivers in west New Britain from which sand was
not collected.
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Although the P+Q coarse grain temper type is identified as local, it might also be
associated with exotic Lapita sherds, as suggested by PCA (see below) from different origins,
because the composition of this temper type is not uniform. For example, one sherd (FOJ Z1
Spit15 04) contains predominantly andesine antiperthite plagioclase (40%), while another
(FOJ TP7 Spit11 07) contains predominantly bytownite plagioclase (33%) (Table 9.4).
Another sherd (FOJ TP7 Spit12 24) contains an abundance of hornblende (9%) but far fewer
rock fragments (3%). Also, the Ca and Ca hybrid temper types might also include some exotic
sherds, as the calcareous sand at different beaches might be quite similar.
The sherds classified as the seven local temper types might also include some that are
exotic to Apalo but originated at nearby sites in the Arawes or mainland west New Britain.
Some exotic sherds might even be exotic to west New Britain, but from a place with a
similar geological setting. In this case, petrographic analysis of rock fragments might be
useful in discriminating exotic from local sherds. However, this study was unable to go as far
as a petrographic analysis of rock fragments in the Arawe sherds. Nevertheless, the exotic
nature of these sherds could still be identified by the clay PCA analysis.
Of the four exotic temper types, the hornblende temper type of Lapita pottery rarely
occurred yet appeared in the Early Lapita and continued through the Transitional phase. There
were only four sherds found at the Apalo site, one in each of the Early, Middle, Late and
Transitional phases. One exotic temper type associated with the Sio pottery (cpx-augite), and
two associated with Type X pottery (hematite and rock+P+Q+cpx) only occurred in the
Post-Lapita period (Table 9.6).
9.2.2 Apalo clay sources
The chemical composition of clay paste is analyzed using PCA analysis, to discriminate
between possible clay sources.
9.2.2.1 Early and Middle Lapita phase
The Early and Middle Lapita clay PCA are plotted together and shown in Fig. 9.20. Of
note is that only three Early Lapita sherds are analyzed.
The two hornblende tempered Lapita sherds are clearly separate from the main cluster.
The dentate flat bottom dish and the Y-shape grooved rim sherd are also separate.
There seems to be two groups in the main cluster of the Early and Middle Lapita Apalo
sherds. Of particular interest is that one group of sherds consists almost entirely of double
spouted pots. This could indicate either that these double spouted pots were made from
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another clay source at Apalo, or more likely that they were exotic to Apalo (but came from
nearby sites in the Arawes, since their temper sands were from local rivers). Also of note is
that the main group includes some double spouted pots that indicate they were made at Apalo.
9.2.2.2 Late Lapita phase
The Late Lapita clay PCA plots are shown in Fig. 9.21.
Again, the hornblende temper Lapita sherd is separate from the main cluster. Three other
sherds also separate from the main cluster: the flat bottom dish, the double spouted pot, and a
fine incision sherd. It is interesting to note that flat bottom dishes are always separate from the
main cluster (see Middle Lapita PCAs, above), this could indicate either that the flat bottom
dishes always used a different clay source, or that they were always exotic (but came from
nearby sites in the Arawes, since the temper sands were local). This might indicate that flat
bottom dishes came to the Apalo site for use in a ceremonial context, as did the double
spouted pots that were exotic to the Apalo, but from nearby sites (see Chapter 10). Also of
interest if that the double spouted pot was supposed to be exotic.
The main cluster might devide into two groups that indicate there were two clay sources
in use.
9.2.2.3 Transitional phase
The Transitional phase clay PCA plots are shown in Fig. 9.22.
Again, the hornblende tempered sherd is clearly separate from the main cluster. The main
cluster might be divided into two groups, which indicate that there were two clay sources in
use.
9.2.2.4 Post-Lapita period
The Post-Lapita clay PCA plots are shown in Fig. 9.23.
The Sio and Type X sherds are clearly separate from the main cluster, while one of the
Type X sherds is grouped with the Sio sherds. The shell impressed sherd is also clearly
separate from the main cluster. A fingernail impressed sherd is tightly grouped with the Sio
pottery.
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Fig. 9.20 Clay PCA plots of Early and Middle Lapita Apalo sherds (top: PCA 1 and 2; bottom:
PCA 1 and 3).
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Fig. 9.21 Clay PCA plots of Late Lapita Apalo sherds (top: PCA 1 and 2; bottom: PCA 1 and
3).
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Fig. 9.22 Clay PCA plots of Transitional phase Apalo sherds (top: PCA 1 and 2; bottom: PCA
1 and 3).
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Fig. 9.23 Clay PCA plots of Post-Lapita Apalo sherds (top: PCA 1 and 2; bottom: PCA 1 and
3).
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9.3 Results of Makekur Pottery Compositional Analysis
13 sherds were selected for compositional analysis from the Makekur site. The samples
were all selected from the Middle Lapita phase, plus the hornblende tempered Lapita sherds
and the Type X sherds.
9.3.1 Makekur temper sands
The temper textures and compositions of these 13 samples (Table 9.7) are the same as
those identified in the Apalo sherds, which indicates that the Lapita people at Makekur and
Apalo were using the same temper sources, collected from rivers in west New Britain.
The dentate and shell impressed jar (FOH TP24 Spit14 01, see Fig 6.9) might be exotic.
The plagioclase in this sherd is dominated by anorthite and bytownite and demonstrates a lack
of andesine antiperthite and labradorite. This differs from the local Arawes P+Q+cpx temper
type (Pulie River sand), in which all the four plagioclases are abundant.
The distribution of temper types at Makekur are shown in Tables 9.8 and 9.9. All six
local temper types from Apalo were found (the P+Q fine grain and P+Q coarse grain temper
types could not be distinguished from binocular microscope), and all six temper types were in
use from the Early Lapita through to the Transitional phase. Of these, the cpx+M temper type
(Adi River sand) was the most popular, and accounted for nearly 50% of all the sherds at
Makekur. The Ca and Ca hybrid temper type was made up of approximately the same
proportion as at the Apalo (14%), and also decreased in use over time.
9.3.2 Makekur clay sources
The clay PCA plots of the Makekur sherds are shown in Fig. 9.24.
The two hornblende tempered Lapita sherds are clearly separate. The four Type X sherds
are also clearly separate from Makekur sherds, and tightly grouped, which might suggest that
these four Type X sherds came from a single production center.
The dentate and shell impressed jar is also separate, which might confirm that it was
exotic, as its temper sand also suggests.
The plain inward bowl might also be separate.
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Table 9.8 Distribution of temper type by spit at Makekur site.
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Table 9.7 Makekur temper type, texture and composition (13 samples) (unit of measurement: %).

Table 9.9 Distribution of temper type in each Lapita phase at Makekur site (quantity and
proportion).

Fig. 9.24 Clay PCA plots of Makekur sherds (top: PCA 1 and 2; bottom: PCA 1 and 3).
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9.4 Results of Winguru Pottery Compositional Analysis
13 sherds were selected for compositional analyses from the Winguru site.
9.4.1 Winguru temper sands
The texture and composition of these 13 samples (Table 9.10) are the same as the temper
types from the Apalo site that had been collected from local rivers in west New Britain.
The distribution of temper types at Winguru is shown in Table 9.11. All six local temper
types identified from the Apalo site were also found at Winguru. The exotic hornblende
temper type and Post-Lapita Sio and Type X temper types were also found. Of the six local
temper types, the cpx+M temper type (Adi River sand) was the most favored temper sand in
use (56%). This was also the case at the Apalo and Makekur sites.
9.4.2 Winguru clay sources
The clay PCA plots of Winguru sherds are shown in Fig. 9.25.
The Sio sherd is clearly separate from the main cluster. The Type X sherd is also separate,
but quite close to the main cluster. The two hornblende tempered sherds are also clearly
separate, but one forms a cluster with the Winguru sherds in the PCA 1 and 2 plots.
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Table 9.11 Distribution of temper type at Winguru site.
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Table 9.10 Winguru temper type, texture and composition (13 samples) (unit of measurement: %).

Fig. 9.25 Clay PCA plots of Winguru sherds (top: PCA 1 and 2; bottom: PCA 1 and 3).

9.5 Results of FSZ and FAO Pottery Compositional Analysis
23 sherds were selected for compositional analysis from the FSZ site, along with three
from the FAO site.
9.5.1 FSZ and FAO Temper sands
9.5.1.1 Temper types
Four local temper types (Rock, P, P+Q, P+Q+cpx+M), plus three exotic temper types
(P+cpx+M, P fine grain, hbl), were found at the FSZ and FAO sites, as follows (Table 9.12):
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Table 9.12 FSZ and FAO temper type, texture, and composition (26 samples) (unit of measurement: %).

(1) Rock: this temper type contains predominantly rock fragments (40~55%),
accompanied by volcanic glass (15~20%), plagioclase (10~20%, both andesine antiperthite
and labradorite are abundant), and clinopyroxene (10~20%, both pigeonite and augite are
abundant). In thin section images, the rock fragments are dark grey in color. Quartz is rare in
this temper type (0~1%). Magnetite and hematite appeared as common but minor minerals
(1~3%). The temper texture is medium and subangular (Fig. 9.26).

Fig. 9.26 Thin section image and electron image of rock temper type at FSZ and FAO sites
(sample: FSZ 17/98 Spit4 03).
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(2) Plagioclase (P): this temper type contains predominantly plagioclase (50~60%, both
andesine antiperthite and labradorite are abundant, with lesser bytownite), accompanied by
rock fragments (10~20%), volcanic glass (around 5%), quartz (5~10%), and clinopyroxene
(around 10%, predominantly pigeonite). Magnetite and hematite appeared as common but
minor minerals (1~3%). The rock fragments of this temper type are dark grey in color, similar
to that of the rock temper type (see above). The temper texture is medium to coarse and
subangular (Fig. 9.27).

Fig. 9.27 Thin section image and electron image of plagioclase (P) temper type at FSZ and
FAO sites (sample: FSZ 17/96 Spit2 02).
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(3) Plagioclase+ Quartz (P+Q): this temper type contains predominantly plagioclase
(25~40%, both andesine antiperthite and labradorite are abundant) and quartz (15~35%).
Rock fragments (10~20%), volcanic glass (5~20%), and clinopyroxene (around 5%, mainly
pigeonite) are also abundant. The temper texture is medium and subangular (Fig. 9.28).
Of note is that this plagioclase+ quartz (P+Q) temper type is distinguished from the
plagioclase (P) temper type, based on the relative abundance of quartz grains. Otherwise,
these two temper types are quite similar to each other.

Fig. 9.28 Thin section image and electron image of P+Q temper type at FSZ and FAO sites
(sample: FSZ 17/98 Spit4 10).
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(4) Plagioclase+ Quartz+ clinopyroxene+ Magnetite (P+Q+cpx+M): this temper type
contains predominantly plagioclase (20~40%, both andesine antiperthite and labradorite are
abundant), quartz (10~25%), clinopyroxene (20~40%), and magnetite (10~15%). The temper
texture is fine to medium and subangular (Fig. 9.29).

Fig. 9.29 Thin section image and electron image of P+Q+cpx+M temper type at FSZ and FAO
sites (sample: FSZ 17/98 Spit4 08).
(5) Plagioclase+ clinopyroxene+ Magnetite (P+cpx+M): this temper type is associated
with one single sherd (FSZ 13/94 Spit2 01, dentate+notched band, Fig. 8.3f). This temper type
contains predominantly plagioclase (22%), clinopyroxene (47%, mainly pigeonite), and
342

magnetite (13%). The texture is medium and subangular (Fig. 9.30).
The composition and texture of this temper type is similar to that of the local
P+Q+cpx+M temper type. However, the predominance of clinopyroxene (nearly 50%) and
minor quartz (5%) distinguishes it from the local P+Q+cpx+M temper type. In addition, the
texture of this sherd is medium, while the local P+Q+cpx+M temper type is fine to medium.
This temper type is thought to be exotic, due to its rarity on Garua Island, and this is
confirmed by clay PCA (see below).

Fig. 9.30 Thin section image and electron image of P+cpx+M temper type at FSZ site (sample:
FSZ 13/94 Spit2 01).
343

(6) Plagioclase (P) fine grain: this temper type is associated with a single sherd (FSZ
13/95 Spit2 01, fingernail impression, Fig. 8.7a). The composition is quite similar to the local
plagioclase (P) temper type. However, it is distinguished by its fine grained texture. This
temper type was thought to be exotic, due to its rarity at FSZ, and is confirmed by clay PCA
(see below). This temper type contains predominantly plagioclase (49%, both andesine
antiperthite and labradorite are abundant), which is accompanied by rock fragments (12%),
volcanic glass (5%), quartz (8%), and clinopyroxene (20%, both pigeonite and augite are
abundant). The temper texture is fine and subangular (Fig. 9.31).

Fig. 9.31 Thin section image and electron image of plagioclase (P) fine grain temper type at
FSZ site (sample: FSZ 13/95 Spit2 01).
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(7) Hornblende (hbl): this temper type contains predominantly hornblende (50%),
accompanied by rock fragments (20%), plagioclase (20%), and magnetite (5%). The
hornblende grains are green, brown, and red-brown in color. Among the various plagioclases,
labradorite is predominant (Fig. 9.32).
The composition and texture of this hornblende temper type is exactly the same as the
hornblende temper type found on the Arawe Islands.

Fig. 9.32 Thin section image and electron image of hornblende (hbl) temper type at FSZ site
(sample: FSZ 12/92 Spit1 04).
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This hornblende temper type is identified as exotic to the FSZ site, because only a single
sherd was found, and hornblende was possibly not included in the available local temper
resources. This is also confirmed by the clay PCA (see below).
9.5.1.2 Distribution of temper types
Distribution of temper types at FSZ and FAO are shown in Tables 9.13 and 9.14. It is
clear that the plagioclase (P) temper type was dominant at both FSZ and FAO sites, while the
rock temper type and the P+Q+cpx+M temper type were slightly more abundant at FAO site.
Of note is that the plagioclase (P) temper type and the plagioclase+ quartz (P+Q) temper
type are quite similar to each other. Therefore, I did not try to distinguish them when reading
back the temper types in the whole pottery sherds using binocular microscope at 40×
magnification. Instead, I record all of them as the plagioclase (P) temper type.

Table 9.13 Distribution of temper type at FSZ site.

Table 9.14 Distribution of temper type at FAO site.
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9.5.1.3 Summary of FSZ and FAO temper sands
Four local temper types and three exotic temper types were found at FSZ and FAO.
Distinguishing the local plagioclase (P) temper type and the plagioclase+ quartz (P+Q) temper
type is based on the relative abundance of quartz grains in the P+Q temper type. Otherwise,
these two temper types are quite similar to each other. The rock temper type is distinguished
from the above two temper types, based on the abundance of rock fragments and lack of
quartz grains. The P+Q+cpx+M temper type is distinguished by the composition and fine
grained texture.
Olivine is a minor but common accessory mineral in all four local temper types on Garua
Island (Table 9.12), which might be a characteristic of the Garua temper sands. In contrast,
temper sands from the Arawe Islands temper sands are poor in olivine grains (Table 9.4).
Overall, it is clear that no correlation exists between decoration, vessel forms, and
temper types. For example, the plagioclase temper type was used to produce decorations of
dentate-stamping, shell impression, gash incision, fine vertical incision, and so on.
9.5.1.4 Rock fragment petrographic analysis
As the rock fragments are abundant in all four local temper types at FSZ and FAO,
petrographic analysis of these rock fragments was undertaken 21 (see Appendix A) to
investigate the correlation of the rock fragments between each temper types. In addition,
petrographic analysis was undertaken on the 10 exotic hornblende temper sherds from Garua
and Arawes. As a result, the petrographic analysis of rock fragments supports the validity of
the distinguishing between temper types. Furthermore, comparing their compositions and
textures with modern beach sands collected on Garua Island supports this interpretation: the
modern beach sands are texturally and compositionally indistinguishable from local temper
sands in Lapita sherds at FSZ and FAO (see Appendix A). Moreover, petrographic analysis
suggests that the 10 hornblende tempered sherds are similar to each other, and could plausibly
have originated from an exotic temper to Garua Island.
9.5.2 FSZ and FAO clay sources
The clay PCA plot of FSZ and FAO sherds is shown in Fig. 9.33.
It is possible that only one clay source was in use at FSZ during the Late
Lapita/Transitional phases. The hornblende tempered sherd and the two exotically tempered

21

Petrographic analysis of rock fragments in thin sections was undertaken by Alexis Belton from the Geology
Department, Otago University.
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sherds (P+cpx+M and P fine grain) are grouped together separately from the main cluster of
sherds. Of note is that the FSZ and FAO clay compositions all contain phosphorous, which
might be a characteristic of the Garua sherds, while the three exotic sherds do not contain
phosphorous. This might confirm that these three sherds were exotic to Garua Island. In
addition, two sherds of the rock temper type are also separate. Both of these contain
phosphorous, which implies that the clay might have been locally sourced on Garua. These
two sherds might represent another clay source in use at FSZ, or, in another scenario, they
might have been exotic to FSZ, but derived from another site on Garua Island.
Because only three sherds were analyzed from the FAO site, no clusters can be observed.
However, two of them might have been locally made, because they are plotted close to the
FSZ sherds. One possible double spouted pot sherd might be exotic (FAO 970/1000 Spit2 03,
Fig. 10.4f). This sherd might lack phosphorous (eight clay data are collected, seven of which
lack any phosphorous, with only one clay datum containing very little phosphorous). However,
the temper texture and composition of this sherd are quite similar to that of the local
plagioclase (P) temper type.
In addition, since the FAO sherds do not cluster together with the FSZ sherds, the clay
sources that people used at these two sites might have been different, but their geological
locations were close, perhaps with both on Garua Island.

Fig. 9.33 Clay PCA plots of FSZ and FAO sherds (PCA 1 and 2). (5~10 clay data were
usually collected per sherd. These show a lack of variability within each individual sherd
sample).
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9.6 Comparison of Clay Sources of Arawes and Garua Sherds
Here, I examined the clay sources together between Arawes and Garua sherds. Another
multivariate statistical method, CA (Correspondence Analysis), is used to supplement this
analysis (Fig. 9.34).

Fig. 9.34 Clay PCA plots of all sample sherds from Arawes and Garua (top: PCA 1 and 2;
bottom: CA 1 and 2).
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9.6.1 Apalo clay sources
It is clear that the sherds from each Lapita phase are separate from each other, which
indicates that the clay sources changed in each Lapita phase. Importantly, Transitional sherds
are all separate from the Late Lapita sherds, which indicate that the Transitional
phase/assemblage was real. Also of note is that the Transitional and Post-Lapita sherds are
clustered together, which indicates that the Post-Lapita sherds used the same clay sources as
the Transitional sherds. This implies either a continuity in the pottery making tradition from
the Transitional phase through to the Post-Lapita period, or that the Post-Lapita sherds all
came to be there out of disturbance from the Transitional layer.
9.6.2 Makekur clay sources
The Makekur sherds, which were mainly selected from the Middle Lapita phase, are
separate from the Apalo Middle Lapita sherds. This indicates that, in the Middle Lapita phase,
people at Apalo and Makekur were using different clay sources to make pottery, despite the
fact that these two sites are adjacent to one another. The same pattern was also identified by
Summerhayes (2000a:228), in which most clay sources were probably local and site specific.
9.6.3 Winguru clay sources
The Winguru sherds cluster together with those from the Arawes sherds.
9.6.4 FSZ and FAO clay sources
The FSZ and FAO sherds are clearly separate from the Arawes sherds.
9.6.5 Hornblende tempered Lapita sherds
The hornblende tempered Lapita sherds are clearly separate from the Arawes and Garua
Lapita sherds. As the temper sands and clay sources of these hornblende tempered sherds
were tightly matched (the temper sands separated; the clay sources also separated and
clustered together), this implies that hornblende tempered Lapita pottery came to the Arawe
Islands and Garua Island either as complete vessels, or as imported raw materials of both
temper sands and clay pastes. However, due to the rarity of these sherds in the Arawes and
Garua, it is less likely that the raw materials were imported to make just a handful pottery at
the sites. Instead, it is most likely that the hornblende tempered Lapita pottery came to the
Arawe Islands and Garua Island as complete vessels.
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9.6.6 Sio pottery clay sources
Post-Lapita Sio sherds are clearly separate from the Lapita sherds.
9.6.7 Type X pottery clay sources
Post-Lapita Type X sherds are also separate from most of the Lapita sherds (but close to
a cluster of Apalo Transitional sherds).

9.7 Exotic Hornblende Temper Lapita Sherds
A distinctive group of hornblende tempered Lapita pottery was distributed to west New
Britain from an unknown place. This was more likely to have been distributed as complete
vessels than as the raw material of temper sands and clay paste.
The composition of the hornblende temper sand contains predominantly hornblende
(40~50%), accompanied by rock fragments (10~20%), plagioclase (20~30%), and magnetite
(5~10%). The hornblende grains are green, brown, or red-brown in color under a plane
polarized petrographic microscope (see Appendix A, Figures 2 and 4). The hornblende grains
have very good cleavage at 56 degrees. Among the various plagioclases, labradorite is
predominant. Rock fragments in this hornblende temper sand are usually milky-white in color,
and coarse grains, which you can see in the pottery side photos as milky-white rock fragments
(Fig. 9.35-9.37). Of note is the lack of quartz grains in this temper sand. Only the hornblende
sherd found at FSZ contains rare quartz grains (1%).
These hornblende temper Lapita sherds on Arawe sites were associated with
dentate-stamping, fine vertical incision, and plain wares. They also appeared at the FSZ site as
plain wares. In addition, at the Amalut site, which is a Late Lapita site on the coastal mainland
of New Britain, adjacent to Arawe Islands, they were also associated with dentate-stamping.
Vessel forms observed include plain everted rim pots (vessel form 5), outcurving rim jars
(vessel form 6), and possibly open bowls (vessel form 2).
These hornblende temper Lapita sherds appeared on the Arawe Islands from the Early
Lapita layer through to the Transitional layer. Importantly, they appeared on the Arawe Islands
from the very beginning of Lapita people’s arrival during the Early Lapita phase. Therefore,
these hornblende temper sherds most likely came from somewhere in the Far Western Lapita
Province in the Bismarck Archipelago, which has the earliest radiocarbon dates of Early
Lapita sites so far. One possible origin for these hornblende temper sherds is the Admiralty
Islands, where a potentially similar hornblende temper sherd was reported by Dickinson
(2006:157, Figure A22). Of note is that the Admiralty obsidian was never predominantly
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distributed to the Arawe Islands (Summerhayes 2004). So far, only three pieces of the
Admiralty obsidian have been found at the Arawe sites (one each from Paligmete, Apalo and
Makekur) (Summerhayes, personal communication). The both rarely found of Admiralty
obsidian and hornblende temper Lapita sherds might imply that these hornblende temper
pottery came along with the few pieces of obsidian found in the Arawes. The rare but
continued appearance of hornblende temper Lapita sherds also indicates that the Lapita people
on the Arawe Islands maintained contact with sister communities, possibly from the
Admiralty Islands, from the Early Lapita to the Transitional phase.
Moreover, as Garua Island was itself an obsidian source, and no Admiralty obsidian is
found anywhere on the north coast of New Britain (Summerhayes, personal communication),
the possible origin of hornblende temper Lapita sherds in the Admiralty Islands implies that
maintaining social links was one of the reasons for interactions between Lapita communities.
That is, Lapita people on Garua Island were sufficiently able to obtain pottery and obsidian
themselves, but still kept in touch with the Lapita peoples in the Admiralty Islands and
brought back their pottery.
Another observation is that these hornblende temper Lapita sherds are of very good
quality. Their texture is harder than that of the Arawes and Garua sherds. You can also see
from the side photos that the hornblende temper sherds were all completely fired (see Fig.
9.35-9.37, there is no the sandwich black layer inside the pottery wall, which would suggest
that the pottery were not fired all the way through) (Gorecki et al. 1991). Therefore, this
hornblende temper pottery might also have been distributed to the west New Britain due to its
good quality.
Furthermore, if the hornblende temper Lapita pottery did come from the Admiralty
Islands, this implies that Lapita pottery existed in the Admiralty Islands from the Early Lapita
to the Transitional phase. So far, only a handful of evidence of Lapita sherds has been found
in the region. In future, it is certain that more archaeological work is needed in the Admiralty
Islands.

352

Fig. 9.35 Exotic hornblende temper Lapita sherds found at Apalo site.
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Fig. 9.36 Exotic hornblende temper Lapita sherds found at Makekur site.
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Fig. 9.37 Exotic hornblende temper Lapita sherds found at Winguru, Amalut and FSZ sites.

9.8 Summary
Most of the Lapita pottery found at sites on the Arawes and Garua Islands were locally
made using local temper sands and clay sources, to produce pottery of various decorations and
vessel forms. There seems to be no correlation between decoration, vessel form, temper, and
clay. The temper sands were collected from local rivers and beaches in west New Britain. All
the local temper sands were in use throughout the Lapita period. As observed from the Apalo
clay PCAs, the clay sources were changed in each Lapita phase. There might be just one clay
source in use in Middle Lapita phase, and two clay sources in use in Late Lapita phase at
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Aplao site. People at each Lapita site used their own clay sources. For example, in the Middle
Lapita phase, people at Apalo and Makekur used different clay sources. Another example, in
the Late Lapita/Transitional phase, people at FSZ and FAO used different clay sources.
The results of this study fit with the pattern of Early Lapita pottery production suggested
by Summerhayes (2000a, see also Chapter 1, Fig. 1.4). That is, different temper sands were
mixed with different clay sources to produce various decorations and vessel forms at each
Lapita site. However, there might be just one clay source in use in Middle Lapita phase at
Apalo site, rather than multiple clay sources.
The results of this study do not fit well with the pattern of Late Lapita pottery production
suggested by Summerhayes (2000a, see also Chapter 1, Fig. 1.5), as there was no reduction in
the temper sands, but rather, all of the local temper sands were in use throughout Lapita time.
Also, there was no clear evidence of reduction in clay sources during Late Lapita/Transitional
phases at Apalo. The clay data of Apalo may require further investigation in future.
Nonetheless, there might be just one clay source in use in the Late Lapita/Transitional
phase at the FSZ site. As Summerhayes (2000a) suggests, this reduction in clay sources at
FSZ may have been because Lapita settlements were becoming more settled.
Exotic pottery did appear in all Lapita phases at each site, which indicates that, although
the Late Lapita settlements might have been more settled, interactions between communities
did continue throughout the Lapita period. Changes to the distance of interaction will need
more investigation in future.
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Chapter 10
Double Spouted Pots in Island South East Asia and Oceania

10.1 Double Spouted Pots in Arawe Islands
10.1.1 Distribution
A distinctive component of Lapita pottery assemblage, double spouted pots, was
identified at both the Apalo and Makekur sites (Table 10.1).
At the Apalo site, double spouted pots were mainly derived from spits 14-16 (Middle
Lapita layer), concentrated in spit15 and in pits O1-O4, Z1-Z4 and TP4. In addition, double
spouted pots lasted through the Late Lapita and Transitional phase, although they were very
rare.
At the Makekur site, double spouted pots were found in spits 14-17 (Middle Lapita
layer), and concentrated at pits H1, TP22, and TP14. It is also possible that double spouted
pots had already appeared in the Early Lapita phase. For example, a small orifice vessel
(around 8 cm in diameter) reported by Summerhayes (2000a:64, Figure 5.14) from the bottom
of unit A (spit 19-20, Early Lapita layer) at squares D/E/F at the Makekur site could be a
double spouted pot.

Table 10.1 Distribution of double spouted pots at Apalo and Makekur sites.
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10.1.2 Decoration and vessel form
The double spouted pots were usually found as plain wares. However, some of them
show decoration of fingernail impression and wide incision. The characteristics of double
spouted pots were small orifices and thick walls (usually 10 mm to 20 mm in thickness).
There may have been two types of double spouted pots:
(1) The first has a long neck, with two small outcurved orifices and globular body (Fig.
10.1~10.3, see also Fig. 3.7 vessel form 10). The orifice diameter ranges from 1 to 3 cm. This
vessel type is confirmed by reconstructing the complete vessel form from the Apalo site (FOJ
TP4 Spit15 04, Fig. 10.1b, the rounded body sherds of this double spouted pot are not shown
in this figure).
(2) The second is neckless, with two small orifices directly attached onto the globular
body (Fig. 10.3 and 10.4, see also Fig. 3.7 vessel form 11). The orifice diameter ranges from 4
to 10 cm. The spouted pot lips are usually thickened on the exterior. No complete vessel form
can be reconstructed for this type of double spouted pot, as only rim sherds are available.
However, according to the small orifice diameter, thick walls, rim shape, and reference to the
same vessel form derived from later time periods in the Bismarck Archipelago, it is very
likely that these small orifice rim sherds belong to this type of double spouted pot. However,
this could also possibly be a vessel form with one small orifice directly attached to a globular
body to resemble a flask (see Fig. 3.7 vessel form 12).
Triple orifice spouted pots
At the Makekur site, a complete upper section of a double spouted pot (FOH TP22
Spit15 01, Fig. 10.1a) has a 1.5 cm orifice diameter at both spouts, with another very small
orifice of 0.5 cm in the middle between the two spouts. The small orifice in the middle might
function as an ‘air’ valve, through which steam or bubbles would emerge 22. This double
spouted pot has two fingernail prints next to the central small orifice.
Enclosed double spouted pots
At the Apalo site, a complete upper section of a double spouted pot has a 1 cm diameter
orifice in the middle between the two spouts. However, the two spouts are enclosed (FOJ Z4
Spit15 03, Fig. 10.2a). Another double spouted pot has a 3 cm orifice next to an enclosed
spout (FOJ Z4 Spit15 05, Fig. 10.2b).
22

The function of the central small orifice of double spouted pots was identified through consultation with
Nancy Earth, from the Department of Anthropology and Archaeology, Otago University. Earth is an expert in
pottery and a modern potter herself.
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It seems that there was not always an orifice on the two spouts. Instead, the orifice
appears in a variety of positions. An additional small orifice could be placed in the centre
between the two spouts. A single orifice could be placed in the centre, but with the two spouts
enclosed, or the two spouts could be enclosed, but with an orifice next to them. Nonetheless,
the double spouted pots always kept their vessel shape.
10.1.3 Production and exchange
The double spouted pots were primarily locally made on the Arawe Islands with local
temper sands and clay sources (see Chapter 9). Of particular interest is that many double
spouted pots were exotic to the Apalo (as suggested by clay PCA), but came from nearby sites,
as they were made from the local west New Britain river sands. This leads me to believe that
people from the Arawes and nearby areas came to gather at Apalo and brought these double
spouted pots with them for special events.
10.1.4 Function
Several pieces of evidence suggest that the double spouted pots were used as liquid
containers in ceremonial events. Firstly, the small orifices suggest that they functioned as
water or liquid containers. Secondly, the unique thick wall suggests that they were not
everyday necessities. Thirdly, the double spouted pots were usually found in context with pig
bones, pig teeth, fish bones, seed remains, etc. at Apalo and Makekur. The coexistence of
double spouted pots with pig bones might suggest that they were used as part of ceremonial
events/feasts. As demonstrated in the ethnographic records, pigs were specifically consumed
during festivals (Gosden and Webb 1994) or ceremonies (Wu 2005). Finally, as indicated
above, people from the Arawes and nearby areas possibly came together at the Apalo site and
brought these double spouted pots with them for some special events. Based on the
archaeological evidence so far, we have no idea for what sort of ceremonies they might have
been used. As identified from the Middle Lapita phase at the Apalo site, double spouted pots,
open bowls, and pot stands were consumed in equal amounts, which suggests that these three
vessel forms were used on the same occasions. If the double spouted pots were used in a
ceremonial context, this would imply that the open bowls and pot stands were also used in
ceremonies.
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Fig. 10.1 Double spouted pots at Apalo and Makekur sites.
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Fig. 10.2 Double spouted pots at Apalo site.
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Fig. 10.3 Double spouted pots at Apalo and Makekur sites.
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Fig. 10.4 Double spouted pots at Apalo and FAO sites.
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10.2 Double Spouted Pots in Island Southeast Asia
To date, double spouted pots have been found in Taiwan and Borneo.
10.2.1 Taiwan
In Taiwan, the archaeological evidence for double spouted pots comes from the
Yuanshan culture (圓山文化) in northern Taiwan (Fig. 10.5). The radiocarbon age of
Yuanshan culture has long been regarded as around 4500-2000 BP (Sung 1991). However, the
dates of Yuanshan culture were recently revised to 3200-2300 BP (Liu 2000), and confirmed
by Hung (2008:23, Table 2.1) as having been in the Late Neolithic phase of 3450-1950 BP
(1500 BC-AD 1) in Taiwan. The Yuanshan culture had an agricultural subsistence economy,
and also had jar burials (Liu 2002:88).
Most of the double spouted pots of Yuanshan culture resemble vessel form 11 identified
in this study (two small orifices directly attached to a globular body) (Sung 1991; Huang 1997,
see Fig. 10.5). Howeve, vessel form 10 of double spouted pots identified in this study (long
neck with two outcurved small orifices) was possibly also present in the Yuanshan culture
(Chang 1969, see Fig. 10.5d).
The double spouted pots were a minor component of the entire pottery assemblage of the
Yuanshan culture. The orifice diameters of the spouts range from 4-8 cm. The two spouts
usually have a convex gauge at the far outer corner and opposite each other (Sung 1991).
Because of the small orifices and convex gauges on the outer rims, Sung (1991) argued that
the double spouted pots were used as liquid containers, and the convex gauges were for
pouring out liquids. Because the two convex gauges are opposite to each other, they cannot
pour out liquids at the same time, but are only used one at a time. One triple orificed spouted
pot was found, but the central orifice does not have a convex gauge (Chang 1969, see Fig.
10.5d). Sung (1991) suggests that the function of this central orifice was to pour liquid into
the pot.
Some pottery decoration from theYuanshan culture includes dentate-stamping and circle
stamping (Chang 1969, see Fig. 10.5e, f), which are similar to Lapita pottery decoration.
Aside from double spouted pots, the vessel forms of Yuanshan culture include flat bottom
dishes, open bowls with pot stands, and everted rim jars (Sung 1991), which are the same
vessel forms as in the Lapita pottery assemblage. Of note is that two of the three vessel forms
already existed in Taiwan in the preceding archaeological cultures before Yuanshan, that is,
open bowls with pot stands and everted rim jars. It is unclear whether flat bottom dishes
existed prior to the Yuanshan Culture.
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Fig. 10.5 Double spouted pots in Taiwan.
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Fig. 10.6 Double spouted pots at Niah Caves, Borneo (adapted from Harrisson 1971).
10.2.2 Borneo
In Borneo, Harrisson (1971) identified double spouted pots from the Niah Caves (Fig.
10.6), dated to 3300-3050 BP. These double spouted pots are plain wares, red-slipped and
burnished, and always associated with human burials as secondary jar burials (Harrisson 1971,
Solheim 1974:513-514). Harrison (1971) suggests that the origin of double spouted pots at the
Niah Caves was no earlier than 3000 BP.
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As can be seen in Fig. 10.6a, the double spouted pots at Niah Caves have small orifices
and thick walls, similar to those found at the Apalo and Makekur sites. The two types of
double spouted pots at the Niah Caves (Type 1 and Type 2, see Fig. 10.6) are identical to
those found at Apalo and Makekur. Type 1 resembles vessel form 10, and Type 2 resembles
vessel form 11, as identified from the Apalo and Makekur sites.

10.3 Double Spouted Pots in Oceania
So far, double spouted pots in Oceania have been found on the north coast of New
Guinea, in the Admiralty Islands, and in Vanuatu, New Caledonia, and Fiji.
10.3.1 North coastal New Guinea
On the north coast of New Guinea, May and Tuckson (2000:166) identified a recent
spherical three-mouthed water pot at Yabon village in Madang (Fig. 10.7d), which is 28 cm in
height. This pot has a carinated shoulder with dentate-stamping.
10.3.2 Admiralty Islands
In the Admiralty Islands, a double spouted pot was recovered by a local villager from the
Emsin (GEB) site at Rei village on Lou Island (Ambrose 2002; Kennedy 1982). The pot
contains fingernail impression on the spout, neck and shoulder, as well as an appliqué strip on
the saddle between the two spouts (Fig. 10.7a). Ambrose (2002:62) suggests that its
provenance is beneath the Rei tephra, and places this pot’s age at about 1640±40bp,
contemporary with the Puian wares on Lou Island. Another double spouted pot from Rei
village (Fig. 10.7b) reported by Mitton (1979:23-24) is identical to the one reported by
Kennedy and Ambrose. This pot has shell impression on the spouts and shoulder. Its
provenance is 1.5 m beneath tephra, but the age is unknown. Specht (1969:184, Figure X-33)
also identified a double mouthed pot (Fig. 10.7c), which was recorded as having been
purchased on Buka sometime from 1909-1912 by the chief curator of the Field Museum of
Natural History, Chicago, U.S.A. Kennedy (1982) suggests that this pot was certainly made
on M’buke Island. In recent times, spherical double spouted water pots were still being made
and used (Egloff 1977:82; Mitton 1979:63). Lou Island villagers claimed that the object
reported by Mitton (Fig. 10.7e) was used for making kava drink from the plant species piper
(Mitton 1979:64). In addition, May and Tuckson (2000:11) reported a recent spherical double
spouted water pot from the Admiralty Islands (Fig. 10.7f), which is 27 cm in height. This
water pot has an incision on the shoulder.
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Fig. 10.7 Double spouted pots on north coastal New Guinea and Admiralty Islands.
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Fig. 10.8 Double spouted pots and similar vessel forms in Vanuatu, New Caledonia, and Fiji.
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10.3.3 Vanuatu, New Caledonia, and Fiji
In Vanuatu, Bedford (2006:119) reported a spout of the Erueti or Mangaasi style at the
Mangaasi site (Fig. 10.8a), dated to 2473-2280 BP (Bedford 2006: 43). In New Caledonia and
Fiji, double spouted pots were reported by Palmer (1972:698, Figure 2 no.11; 1972:711,
Figure 8 no.7) (Fig. 10.8b, c). However, no radiocarbon date was available for these pots. In
Fiji, double spouted Post-Lapita vessels were found from after 2500 BP (Clark 2009) (Fig.
10.8d). In addition, some ‘pot stands’ of the Late Lapita phase, dated to 2500 BP, and found at
the Sigatoka site on Viti Levu Island (Burley and Dickinson 2004), have a similar vessel
shape to the double spouted pots (Fig. 10.8e). The upper part of the pot stand is quite similar
to the enclosed double spouted pot found at Apalo (Fig. 10.2a). This kind of pot stands was
also reported by Palmer (1972:707, Figure 5, see Fig. 10.8f).

10.4 Austronesian Origin and Dispersal Hypothesis
The distribution of double spouted pots might fit the Austronesian origin and dispersal
hypothesis (Fig. 10.9). To date, the hypothesis has been widely accepted that Austronesian
peoples originated in Taiwan, then migrated out through Island Southeast Asia and into
Oceania (Bedford and Sand 2007; Bellwood 1978, 1997, 2005; Blust 1988, 1995; Green 2003;
Hung 2008; Kirch 2000, 2010; Pawley 2002, 2007; Spriggs 1997; Tsang 2007, 2012). The
Austronesian peoples started to move out from Taiwan to settle in the Philippines around 4000
BP, and reached the Bismarck Archipelago around 3300 BP. This hypothesis was initially
based on the linguistic evidence (Fig. 10.10, Fig. 10.11) that the widespread family tree of
Austronesian language subgroups pointed to a homeland in Taiwan (Blust 1988:54). The
widespread distribution of Lapita culture is thought to have been introduced to the Southwest
Pacific by these Austronesian peoples.

10.5 Interaction between Island Southeast Asia and Bismarcks
The similarity of double spouted pots from the Niah Caves in Borneo and Lou Island in
the Bismarcks was first noticed by Kennedy (1982). Interactions between Island Southeast
Asia and the Bismarcks were evident during the Lapita period. Firstly, a large quantity of
Kutau/Bau obsidian in Talasea of New Britain was distributed to the Bukit Tengkorak site in
northern Borneo in the period 3150-2850 BP (1200-900 BC) (Bellwood and Koon 1989; Chia
2003:79-86). Secondly, a bronze artifact from the Sasi site on Lou Island in the Admiralties
was dated to around 2100 BP, and suggested to have originated from Island Southeast Asia
(Ambrose 1988). In addition, Summerhayes and Matisoo-Smith found a jade gouge from
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3300 BP at the Tamuarawai site on Emirau Island in the Mussaus, sourced to the Torare River
on the north coast of west Papua in Indonesia (Harlow et al. 2012), which is also evidence of
interaction between the Bismarcks and place to its west.
In Island Southeast Asia, the large scale trading network was also evident in the Taiwan
Fengtian nephrite that was exported to Island Southeast Asia since at least 2450 BP (500 BC)
(Hung 2008:275).

Fig. 10.9 Austronesian origin and dispersal (from Hung 2008, originally from Bellwood).

Fig. 10.10 Distributions of Austronesian language and major subgroups (from Hung 2008,
originally from Ross).
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Fig. 10.11 Austronesian language family tree (from Hung 2008, originally from Ross).

10.6 Summary
Distinctive vessel forms of double spouted pots were widely distributed in Island
Southeast Asia and Oceania. Based on the archaeological evidence so far, these appeared in
Taiwan around 3200 BP, in Borneo around 3000 BP, in the Bismarck Archipelago from
3000-2700 BP and later, in Vanuatu from 2473-2280 BP, and also in New Caledonia (no
radiocarbon dates available) and Fiji (around 2500 BP). The gradual decrease in age may
indicate that the double spouted pots originated from Island Southeast Asia. Importantly, these
double spouted pots demonstrate that, after the Lapita people had reached the Bismarcks, they
maintained contact with homeland communities in Island Southeast Asia. These pots may
have been introduced either by trade or exchange of ideas. However, as all the double spouted
pots were locally made, there was no evidence of trade. Therefore, it could have been the
sharing of ideas through interaction that led to diffusion of a single artefact type.

372

Chapter 11
Discussion and Conclusion

11.1 Was Transitional a Real Phase?
In Near Oceania, the Transitional phase (2300-1700 BP) was characterized by the
continued decline of dentate-stamping decoration in New Ireland, New Britain, and Roviana
Lagoon. At the same time, new pottery styles were well developed into distinctive Post-Lapita
wares, such as Nyapin ware on north coast of New Guinea, Post-Lapita Transformative ware
at Caution Bay, Sasi, Puian, and M’buke ware in the Admiralty Islands, and Sohano ware on
Buka. That is, Lapita pottery style coexisted with well developed Post-Lapita pottery styles in
the Transitional phase in Near Oceania.
At Apalo and Makekur sites, the fact that there are no radiocarbon dates relating to the
suggested Transitional phase, and observations of disturbance in the Transitional layer, might
lead one to think that the sherds in the Transitional layer were the result of disturbance from
earlier Lapita contexts. That is, did the Transitional local Lapita pottery
production/assemblage exist? As the Transitional phase was a time when settlements started to
build on dry land, as identified at Apalo and Makekur, one would expect a certain degree of
disturbance, due to such things as crab holes or house construction poles. However, evidence
to support the existence of a Transitional phase of pottery comes from the clay PCA (see Fig.
9.34), where the Apalo Transitional phase sherds all separate from those of the earlier Middle
and Late Lapita phases. This might suggest that the Transitional pottery assemblage/phase
was real. In addition, distribution at the Apalo site demonstrates that pottery concentration
shifted at different locations in each Lapita phase, and that not much disturbance happened
between different layers (see Table 5.1). Therefore, the Transitional phase should be a real
phase/assemblage of local pottery production at the Apalo site.
Nonetheless, this scenario and the Transitional phase require more investigative research.
It is also possible that the Transitional phase should actually be classified as part of the
Post-Lapita period. At this stage, I would suggest that the Transitional period was a real phase,
in which local pottery production included dentate-stamping decoration. Overall, more
investigation is needed to confirm the continued use of dentate-stamping in New Britain, New
Ireland, and Roviana Lagoon in the Transitional phase.
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11.2 Local Post-Lapita Pottery Production?
The question of whether there was local Post-Lapita pottery production is pivotal in
evaluating the cultural continuity or discontinuity between the Lapita and Post-Lapita periods.
Clay PCA of Apalo sherds demonstrates that all of the Post-Lapita sherds can be grouped
together with the Transitional sherds. This could either suggest cultural continuity between the
Transitional and Post-Lapita phases, or that the Post-Lapita sherds resulted from disturbance
from the Transitional context. Disturbance was observed in the Post-Lapita layer at Apalo,
Makekur, and Winguru, and the Post-Lapita trading wares of Sio and Type X sherds are found
at all of the above three sites, with Type X sherds particularly abundant at the Makekur. This
might suggest that there were no local Post-Lapita pottery production in the Arawes, but
instead they imported the Sio and Type X trading wares from the Huon Peninsula.
Based on the archaeological evidence so far, the Post-Lapita period in the Bismarcks
might have developed into regional Post-Lapita pottery trading networks, in which trading
wares were produced and distributed from a few pottery production centers, as argued by
Summerhayes and Allen (2007). This was evident in south coastal New Guinea (Allen 1984;
Irwin 1985), on the Huon Peninsula (Lilley 2004, 2007), and in the Admiralty Islands (Kirch
2000:127; 2001:219; Marshall and Allen 1991). In New Britain, Post-Lapita trading wares
were imported from the Huon Peninsula, while in New Ireland, Post-Lapita trading wares
were imported from the Admiralty Islands. However, more archaeological research is needed
to confirm this scenario in New Britain and New Ireland.

11.3 What Happened at the End of Lapita
A significant cultural change, as evidenced in the pottery sequence, happened in the
Arawes and Garua in the Late Lapita phase, around 2750/2700 BP onward.
Firstly, there was a dramatic decrease in the vessel forms of open bowls, pot stands and
double spouted pots. As it is suggested that these three vessel forms are used in the same
ceremonial contexts (see Chapter 9), this could imply some sort of cultural change, which
meant that these ceremonial events were rarely or no longer held. At the same time, the
outcurving rim jars persisted and became dominant. A transformation of outcurving horizontal
rim jars is also observed, in which the original open and outward rim direction in the
Early/Middle Lapita phase became more restricted and inward in the Late Lapita phase, as
evidenced at the Apalo (compare Fig. 5.7c and 5.23). A new vessel form of outcurving rolled
rim jars also started to appear in the Late Lapita phase. This vessel form could possibly have
developed from outcurving horizontal rim jars, which might indicate that the later Lapita
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pottery assemblage was evolving from the earlier one.
Secondly, The Early and Middle Lapita phases were mainly comprised of
dentate-stamping, fine incision, and plain wares, as evidenced at the Apalo and Makekur sites.
However, the Late Lapita phase at Apalo clearly demonstrates that new decorative
techniques/styles were appearing, including fingernail impression, wide incision, channelled,
stick impression appliqué layers, scalloped appliqué layers, and shell impression (see Table
5.2). Also at the Makekur site, deep and straight incision was a new decorative technique/style,
which appeared in the Late Lapita phase (see Table 6.2). The evidence at Apalo and Makekur
is consistent with that at Mussau, where the earliest appearance of fingernail impression, stick
impression, and shell impression also happened around 2750 BP (Kirch 2000:127; 2001:219).
Of note is that fingernail impression and channelled decorations were already present in the
Middle Lapita phase at Makekur. This might indicate that the new decorative styles were
evolving, and developed internally from the earlier Lapita assemblage.
Thirdly, the dentate-stamped sherds in the Late Lapita/Transitional contexts were coarser
and less elaborately executed, and plain arc stamping was abundant.
Finally, another significant cultural change in the Late Lapita phase was the development
of regional and site specific pottery styles/assemblages. At the Apalo site, the pottery style in
the Late Lapita phase was dominated by a fine incision and dentate assemblage. In addition,
some very distinctive pottery styles started to appear, particularly stick impression appliqué
layers and scalloped appliqué layers, both combined with fingernail impression (see Fig. 5.32).
These distinctive pottery styles were components of the Late Lapita assemblage, and made
locally at the Apalo. The temper sands were local, and clay PCAs demonstrate that these
sherds made of the same clay source with other local Lapita sherds (see Fig. 9.21). This
evidence indicates that these distinctive new pottery styles evolved internally from the Lapita
pottery assemblage. The same scalloped appliqué layer style is also found in the Late Lapita
phase at the Makekur. At the Winguru site, the inward bowl with appliqué strips of distinctive
snake motifs, the flat bottom dish covered with fingernail impression, and the perforation
styles not found from any other sites in the Arawes could also be from the Late Lapita context.
These site specific pottery styles were also evident in the dentate and shell impression
assemblage at FSZ site, and in the fingernail impression and appliqué band/knob assemblage
at FAO site.
In the Transitional phase, new decorative techniques continued to appear, such as
round-end stick impression and gash incision at Apalo, and poked knobs at Makekur. In
particular, the simplified Lapita designs with plain arc stamping and less elaborately executed
375

Anson’s motifs No. 9 and No. 35 (basically arc designs), found at the Mouk site in the
Admiralties and at the FABK site in Willaumez Peninsula, might be specifically associated
with the Transitional phase.
The evidence in this study fits with the “Trade and exchange systems contraction” and
“local adaptation” hypotheses reviewed in Chapter 1, when a greater social breakdown and
regionalization/diversification of the Lapita societies occurred in the Late Lapita phase.
In particular, the local adaptation hypothesis suggests that population increase was the
cause of cultural change. At the Apalo and Makekur, we did see a population increase in the
Middle Lapita phase, as is evident in the abundance of pottery consumptions and the large
quantity of wooden posts and planks found in this layer. This population increase possibly
started from the Early Lapita phase.
Also of note is that pottery consumptions decreased dramatically during the Late Lapita
phase at Makekur, which might indicate that most of the Lapita people had left the site by the
Late Lapita phase. The Apalo site also demonstrates a decrease in pottery consumptions in the
Late Lapita phase. The same scenario is observed at Mussau, where Lapita people left the
sites around the same time after 2750 BP (Kirch 2001:219). One possible place to which the
Makekur Lapita people might have moved is the Amalut site on the adjacent coastal mainland
New Britain, which is a Late Lapita site. This movement in the Late Lapita phase might be
due to the continued population increase in the previous Early and Middle Lapita phases. As
evident at the FSZ and FAO sites, Lapita people extended their settlements to the coastal
hilltop overlooking the sea in the Late Lapita phase. This might also due to population
increase in the Early and Middle Lapita phases on Garua Island.
Dentate-stamping is thought to have functioned as social identity (Chiu 2005, 2015),
exhibited both internally within the Lapita societies, and externally between the Lapita
peoples and the indigenous Papuan language-speaking peoples (Summerhayes and Allen
2007). As the Near Oceania was also inhabited by indigenous Papuan language-speaking
peoples, the social identity exhibited in the dentate-stamping decoration should have lasted
longer in the Near Oceania than in Remote Oceania, and this was possibly why the
dentate-stamping decoration lasted into the Transitional phase in Near Oceania. On the other
hand, dentate-stamping decoration disappeared quickly in Remote Oceania, because there
were no pre-Lapita peoples/settlements in that area, and therefore, no external social identity
needed to be exhibited.
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11.4 Cultural Continuity between Lapita and Post-Lapita Periods in West New
Britain?
As indicated above, there may have been no local Post-Lapita pottery production in the
Arawes. Instead, the Sio and Type X trading wares were imported from the Huon Peninsula in
the Post-Lapita period. More research is needed to verify this scenario. Furthermore, if there
was no local Post-Lapita pottery production, what was the relationship between the producers
of Lapita pottery and the users of Sio and Type X pottery? Did the Lapita peoples give up
pottery production, or they had left the sites to be replaced by another group of people? These
questions, and the issue of cultural continuity or discontinuity, need further investigation to
clarify in the future.

11.5 Future Studies
The results from this study suggest further archaeological research to be done in the
future:
11.5.1 New Britain
It would be a good idea to return to the Apalo site and carry out a small scale excavation,
to obtain charcoal samples for dating the pottery sequence, in particular from the Transitional
and Post-Lapita layers. Also, more excavations would be worthwhile, to establish consensus
between the chronology and the pottery assemblage at the Winguru site. In addition,
investigation of the Late Lapita site of Amalut on coastal New Britain, adjacent to the Arawe
Islands, is also needed to clarify whether this was a result of human movement from the
Arawe Islands during the Late Lapita phase. Finally, the offshore islands near the Adi River,
from which much of the temper sands of the Arawes Lapita pottery came, could be a target
area to conduct archaeological work.
11.5.2 Admiralty Islands
Admiralty Islands are the known pottery production center in the Bismarck Archipelago,
and continued to produce pottery into Post-Lapita period, which was exported to Mussau and
northern New Ireland. There may have been a regional trading network based in the
Admiralty Islands in the Post-Lapita period. The pottery sequence, characterization,
production, and exchange in this area need to be clarified.

377

11.5.3 Hornblende temper and other exotic Lapita pottery found in New Britain
Distinctive hornblende temper Lapita sherds from the Lapita period were found on both
the north and south coast of New Britain, from an unknown place of origin. Further study is
needed on the possible site of origin, and to address the social/economic significance. As the
Admiralty Islands were the possible site of origin for the hornblende sherds, characterizing
the Admiralties pottery collection will be an important point of study. Also, exotic sherds,
such as the dentate and shell impressed jar found at Makekur site, will also need further
investigation to identify the place of origin. By identifying the original sites of these exotic
sherds, we can understand the nature of Lapita interactions, and how these changed over time.
This study sets up a long-term research project in the Bismarck Archipelago. In the
future, the Bismarck Archipelago could provide us with the opportunity for understanding
interactions within the Lapita societies, the interactions between Lapita peoples and the
indigenous Papuan-language speaking peoples, and how these interactions and mutual
influences changed and developed into the present day cultures and social identities in Papua
New Guinea.

11.6 Conclusion
This study presents a detailed Lapita to Post-Lapita sequence/transition with chronology
at particular sites in west New Britain, through the medium of pottery analysis of style and
production. In the Late Lapita phase around and after 2750/2700 BP, site specific new pottery
styles/decorative techniques were appearing, vessel forms of open bowls, pot stands, and
double spouted pots were disappearing, and outcurving rim jars persisted and became
dominant. A cultural change of greater breakdown and regionalization/diversification of
Lapita societies occurred in the Late Lapita phase.
This study has developed a new SEM method that could pin down the geochemical
characterization of pottery temper sand in a specific region. This, in turn, could more reliably
identify any pottery transfer between different regions. This study clearly presents the
characterization, production, and provenance of pottery in west New Britain, which makes it
possible for identification of local and exotic pottery, and helps in understanding the
interactions in the Lapita and Post-Lapita periods between west New Britain and other
regions.
In addition, synthesis of data on the double spouted pots helps in understanding this
distinct vessel form of Lapita pottery and its possible connection with Island Southeast Asia
and Oceania. The double spouted pots provide evidence that, after Lapita peoples had reached
378

the Bismarcks, they maintained contact with homeland communities in Island Southeast Asia.
Double spouted pots were later introduced to the Bismarcks through such interactions. The
likely association of double spouted pots with open bowls, pot stands, and probably flat
bottom dishes suggests a possible ceremonial context for these vessels.
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Appendix A: Report on the description
and correlation of rock particles in
Lapita pottery sherds from Garua and
Arawe Islands.

Research undertaken by Alexis Belton on behalf of Pei-hua Wu as part of her
PhD research.
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1.1 Background
Electron diffraction scatter (EDS) was employed to characterize the components of sherds of
pottery from archaeological sites on Garua and Arawe Islands, off the coast of New Britain,
Papua New Guinea.
These pottery sherds comprise four components:
1. Individual mineral particles (e.g. plagioclase, pyroxene, quartz, amphibole, magnetite,
etc.)
2. Rock particles – aggregates of minerals
3. Glass fragments (could be considered rock particles?)
4. Clay matrix (paste)
Work with AZTEC has successfully characterized components (1) and (4). However, because
of the complex relationship between mineralogy and chemistry, EDS is of limited utility for
characterizing lithic and glass particles.
Using the EDS data, samples were grouped into different ‘temper-types’ based on the
proportion of lithic to mineral (crystal) particles and the type and relative abundance of
minerals within the crystal fraction of the particle population.
In 26 thin-sections of sherds from two sites on Garua Island, 7 distinct temper types were
identified. In order of decreasing abundance, these are:
1.
2.
3.
4.
5.
6.
7.

Plagioclase (13 samples)
Rock (4 samples)
Quartz - plagioclase (3 samples)
Plagioclase - quartz - clinopyroxene - magnetite (3 samples)
Plagioclase – clinopyroxene – magnetite (1 sample)
Plagioclase- fine gain (1 sample)
Hornblende (1 sample)

9 samples of hornblende temper type from Arawe Islands were also identified.

1.2 Introduction and overview of study
1.2.1 Methods and aims of study
Thin-section
This study employed optical petrography to describe and attempt to identify the rock particle
types present in each pottery sample. Where possible, a rock name was assigned. The relative
abundance of different rock types was also recorded.
Temper-type
A comparison of the lithic and glass particle content of the samples making up each
temper-type was made. This analysis provides a test of the validity/significance of the
temper-type classification as a tool for grouping sherds.
Comparisons between temper-types
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Finally, the lithic and glass fractions of each temper type were compared in order to assess (1)
whether rock/glass particle types appear in more than one temper type, (2) whether any
temper-types contain (a) either one or more particle types that are unique to it or (b) a unique
assemblage of rock/glass types.
Comparison with modern beach sands
Thin-sections of modern beach sands from the Garua Wharf and Garua below FRE beaches
on Garua Island were analysed, and beach sand at Walindi beach on the coastal Willaumez
Peninsula was also analysed. These modern sand samples were analysed and compared with
the particle populations of the pottery sherds in order to assess whether they could have been
potential sources for the tempers.

1.2.2 Samples analysed
The bulk of the study focuses on samples from Garua Island, located a few kilometres
offshore to the east of the Willaumez Peninsula, on the north coast of west New Britain.
Twenty six (26) samples from Garua Island were analysed. A further 9 samples of
‘hornblende’ temper-type from Arawe Island were analysed.
A brief description of three modern beach sands from Garua Island and coastal Willaumez
Peninsula is given.
Finally, an overview of a suite of samples from Arawe Island is given at the end of the report.
Detailed petrography of these samples was outside the scope of this study.

1.2.3 Layout
Findings are presented by temper type.
For each thin section, a description including an overview, a brief description of distinctive
characteristics of the free crystal fraction and a summary of the types of lithic and glass
fragments is presented. Where possible, a rock name is assigned to different rock types.
Otherwise, descriptive names are used in lieu of recognised geological rock names.
For each temper type, a name and description of each lithic and glass particle-type is given. A
summary table comparing the type of rock and glass particles content of the samples making
up a temper-type is presented at the end of each temper-type section.
Each temper type section concludes with a review/discussion of the particle population and
whether it contains any characteristic lithic particles or a characteristic assemblage of particles.
Images of common or characteristic lithic particle-type are provided.
The study concludes with a summary table of all lithic particle types analyzed and what they
imply about the geological setting as well as more local geology. A discussion of which
particle types appear in more than one temper, and which particle types or assemblages of
particle types are unique to a particular temper conclude the study.
Because of the small number of lithic particles present in many thin sections, the relative
proportion of different lithic types is described qualitatively as widespread, common, present
or rare.
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2. Lapita pottery temper-type and geological setting
background
2.1 Temper-types and provenance
The theory of provenance and temper-type identification from temper sands was established
by Dickinson and Shutler and has been extensively developed by Dickinson since then
(Dickinson and Shutler, 1971, 2000; Dickinson, 2006).
Dickinson’s key insights were that close petrographic analysis of the tempers in sherds of
Lapita pottery could yield information about (a) the type of sediments that they tempers were
collected from and (b) the geological setting from which they came.
The sediment type can be constrained through sediment characteristics such as the degree to
which the particles are rounded and sorted. The following is a summary of temper types based
on depositional setting taken from Dickinson (2006):
•
•
•
•
•
•
•

Beach sands: common. Rounded to sub-rounded. Calcareous clasts from fringing reefs
occur.
Stream sands: moderate sorting, sub-rounded to sub-angular. Narrow range of clast
types.
Colluvial sands: poorly sorted. Dominated by angular to sub-angular lithics
Volcanic ash: homogeneous composition (eg. of plagioclase crystals). Angular clasts.
Placer concentrates: crystals predominate over lithics, heavy grains over light grains.
Calcareous sands
Broken sherds.

Information about the geological setting from which the particles making up the tempers were
derived can be gained by identifying characteristic minerals, mineral assemblages and rock
types.
The following is a summary of the four distinct geological settings that occur in the
Southwest Pacific:
1.
2.
3.
4.

Tectonic highlands (e.g. Guinea, New Caledonia).
Volcanic arc andesites (e.g. Bismarck Islands).
Volcanic-plutonic orogen tempers (e.g. Solomon Islands, Fiji, New Hebrides).
Ocean basalt tempers.

While petrographic analysis of tempers generally be used to distinguish between these four
major geological settings, using the technique to provide more specific information about
provenance requires careful analysis. Dickinson uses a number of different criteria for
determining and distinguishing origins and sedimentary effects.
Dickinson draws on extensive data and uses empirical correlation in an attempt to distinguish
between specific provenances. However, in some cases fundamental mineralogical differences
exist that are not dependent on statistical or empirical correlation.
Dickinson and other people’s work indicate that indigenous sherds predominate but exotic
sherds occur occasionally. Temper-types often change with respect to typology (decoration)
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and excavation depth at archaeological sites (Dickinson and Shutler, 2001).

2.2 Geology of New Britain, Arawe and Garua Islands
There are 11 major volcanoes on Willaumez/Talasea Peninsula in addition to the Dakataua
Caldera at the northern tip of the peninsula, as well as numerous conder cones and rhyolite
extrusions (Lowder and Carmichael, 1970)(Specht, 1981).
The geology of the Talasea Peninsula consists of volcanics and shallow intrusives. These are
dominantly andesitic, with lesser quantities of basaltic andesite, basalt and dacites (between
andesite and rhyolite). Rhyolite occurs mainly as buff pumice (Spetch, 1981).
These are commonly porphyritic, with phenocrysts of plagioclase and diopside-augite
(Lowder and Carmichael, 1970)
Olivine occurs in basic endmembers, while orthopyroxene and titanimagnetite are common in
intermediate members (Lowder and Carmichael, 1970).
Talasea Peninsula contains two andesite composite volcanoes, one caldera, rhyolite extrusions
and small cinder cones.
The following is a description of the mineralogy of different igneous rocks that occur in the
Talasea Peninsula taken from (Lowder and Carmichael, 1970):

Basalts
• Phenocrysts of plagioclase, diopside and olivine
• Plagioclase composition An 90- An 80% (Ca/ (Na+Ca) *100) with more sodic rims up
to 70% An.
• Clinopyroxene phenocrysts light green and commonly twinned.
• Olivine Fo ~80% (Fo represents the magnesium endmember of olivine and is
calculated by the atomic ratio of Mg/Fe+Mg *100).

Basalt andesites
• Porphyritic
• Phenocrysts of plagioclase, clinopyroxene and rare olivine.
• Plagioclase composition ranges from An90-An50, with little zoning.
• Green diopside-augite with subordinate hyperthene.
• Iron-titanium oxides common (magnetite, ilmenite).
• Groundmass of plagioclase laths An75-An65.
Andesites
• Two types: (1) two pyroxene bearing, (2) olivine bearing.
• Porphyritic
• Phenocrysts: pyroxenes and zoned plagioclase (~2mm).
• Plagioclase An92-An43. Commonly contain inclusions of pyroxene.
• Fe-Ti oxides << 2mm.
• Groundmass fine-grained to glassy.
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•

2 pyroxenes: greenish diopside and pleochroic hypersthene.

Rhyolites
• ‘Buff pumiceous variety’.
• Feldspar phenocrysts with normal zoning (An 55-An30).
• Corroded quartz.
• Amphibole (pale yellow to red-brown).
• Minor pyroxene.
• Groundmass: glass.
Compositionally, the geology Talasea (Willaumez) Peninsula consists predominantly of
andesitic to rhyolitic rocks, with volcanics being much more predominant than their intrusive
equivalents.
Garua Island, from which 26 of the samples analysed in this study (23 FSZ and 3 FAO) were
collected, is underlain by rhyolitic and rhyo-dacitic lava flows. The island lies less than 2
kilometres to the east of Talasea, where andesitic lavas dominate the local geology. The
Talasea Peninsula contains several active stratovolcanoes and calderas that have produced
several large eruptions with extensive ash outfalls in the last 5000 years (Spetch, 1981).

3. Results
3.1. Garua Island samples
3.1.1 Overview
The rock particle population of all samples from Garua Island consists almost exclusively of
volcanic particles. Some coarser grained particles could be of plutonic origin, though their
texture, and the presence of a thin glass selvedge on some particles, suggests that they most
likely represent ‘glomerocrysts’- agglomerations of phenocrysts in a volcanic rock.
The lithic population contains clasts of pumice, variably glassy to crystalline basalts to dacites,
holocrystalline andesites and basalts and altered volcanic glasses such as palagonite and
tachylite. A large number of clasts have textures that indicative of rapid cooling, either by
contact with water or during highly explosive eruptions. These include glassy groundmasses,
high degrees of vesicularity and bubble-wall edge textures.
Likewise the crystal fraction of the temper is consistent with derivation from volcanic or
shallow intrusive rocks. The crystal population of all samples consists of plagioclase, clinoand ortho- pyroxene (predominantly pigeonite and augite-diopside), quartz, magnetite or other
Fe-Ti oxides and hornblende. Plagioclase if the dominant phase in all but a single sample (fsz
12/92 spit1 04) where hornblende is dominant phase. Minor olivine occurs in some samples.
Taken together the lithic and crystal particles indicate derivation from a range of volcanic
rocks, predominantly of intermediate (andesitic) composition, but spanning a wide
compositional range from basaltic to rhyolitic.
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The temper contains all of the criteria of Dickinson’s description of Island Arc/Andesitic
tempers; including:
• Pumiceous glass fragments.
• Hyalopilitic to pilotaxitic textures.
• Ferromagnesian minerals: orthopyroxene, clinopyroxene and hornblende.
• Felspars are all plagioclase.
• Rare quartz.
For each thin-section
Detailed descriptions of the lithic and glass population of each sample can be found in the
file “temper-type descriptions”. This file contains individual word documents for each temper
type. These contain descriptions of every analysed sample and accompanying
photomicrographs of distinctive or representative particles.
Summary of each temper-type
(1) Rock
The free crystal fraction is dominated by clinopyroxene and plagioclase. Some of the latter
exhibit weak zoning and both minerals often display a selvedge of light brown volcanic glass.
Some have a selvedge of transparent or pale pink glass.

Fig 1. Hyalo-ophitic clasts of sideromelane range from olive to pale brown in colour. Small phenocrysts of plagioclase
(white crystal) and clinopyroxene (pale yellow-green) are set in a groundmass of volcanic glass which contains microlites
of plagioclase (needle shaped grains), clinopyroxene (rectangular grains) and opaques (small, square black grains).

The lithic fraction can be differentiated from other temper types analyzed by the
predominance of mafic to intermediate volcanics that contain fresh sideromelane glass. These
range from hyalopilites with few microlites (see fig. 1) to hypocrystalline with intersertal
textures. Some fresh holocrystalline basalt/basalt-andesite particles occur but are not
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widespread. All phaneritic particles likely represent phenocrysts agglomerations, as a number
of contain glass in interstitial spaces or around the margins.
Various altered volcanic rocks occur in all sections. While the primary texture is often
partially or completely destroyed in these fragments, the mineralogy suggests that they
represent altered basaltic to andesite rocks. Alterations include widespread palagonitization of
glass, felsitic alteration of the primary fabric, saussuritization and albitization. Some particles
display a distinctive micropoikilitic texture.
Sample

Var. glass
basaltic to
andesitic

Holocrystalline
Basalt to andesite

Phaneritic
plag+ cpx

Alt. vesicular
tachylite

Alt w/
micropoikilitic text

fsz 15/93 spit2 01
fsz 17/100 spit2 05

Common

Common

Rare

Rare

Rare

Common

Common

Rare

-

-

fsz 17/98 spit4 03

Common

Common

Rare

-

-

fsz 17/98 spit5 01

Common

Common

Rare

-

-

(2) Plagioclase
A fine glass selvedge occurs on a number of free crystals plagioclase and, less commonly,
pyroxene, hornblende and quartz in all thin sections. The glass is light pink in plane-polarized
light (ppl), and completely isotropic. It exhibits irregular margins, with bubble-wall shapes.
On some free crystals, and aggregates of several crystals, where the glass margin is thicker,
vesicles are preserved.
The proportion of different free crystals varies between samples but generally falls in the
following order: plg >> cpx (+opx) ≥ qtz > hbl. Olivine occurs in some thin-sections.
The lithic fraction of the particle population can be divided into universal and non-universal,
as well as according to how common they are in each section. There is a strong correlation
between universality and abundance, as each thin-section only has a finite number of
particles so the absence of a particular lithic ‘type’ does not mean that it is absent from the
temper mix.
Universal and widespread lithic types can provide a useful tool for cross checking a temper
type.
Universal lithic types include trachytic and pilotaxitic basalts and basalt-andesites. These are
generally subangular to subrounded and <500 µm wide. Rare large phenocrysts of plagioclase
and augite, and, rarely, hornblende occur in a minority of particles. These two lithic types are
holocrystalline to hypocrystalline, and are dominated by plagioclase laths and subhedral
clinopyroxene (augite-diopside or pigeonite), with abundant, often cubic, Fe-Ti opaques.
Quartz occurs occasionally as an interstitial (late crystallizing) phase. Texturally, they range
from subophitic to intergranular. Tachylitic basalt/ basaltic andesite, with a distinctive black
or dark brown groundmass with small phenocrysts of plagioclase and pyroxene also occurs in
all samples.
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Heterogeneous red to brown, rounded to subrounded, clasts of palagonitized volcanic glass
are also universal, but are common in most other temper types as well, so are non-diagnostic.
Tube pumice, fresh hyalopilite or hyalo-ophite, altered felsitic grains, scoria and tachylitic,
black scoria occur in a number of thin-sections. However, the seldom occur in numbers
greater than a few particles.
Two types of phaneritic, roughly equigranular lithic types were identified. The occurrence of
plagioclase, pigeonite/augite and hornblende in a single clast in two thin sections indicates
that these particles, which often contain no more than 5-6 crystals, may be derived from the
same source-rock. They could represent shallow intrusive rocks (hypabyssal) or
agglomerations of phenocrysts from a volcanic rock.
While no lithic types found in the Plagioclase temper-type samples are unique to the
temper-type, the combination and proportion of these lithic types is distinct from other temper
types described in this study.

(3) Plagioclase + Quartz
Samples fsz 14/88 spit1 01 and fsz 15/92 sit3 05 contain very similar lithic populations both
in the types and proportions of lithic particles present. Pumice, which occurs in all three
samples are flow banded (eutaxitic) and frothy (with roughly spherical vesicles) dominates
the lithic population. In conjunction with glass-mantled plagioclase crystals, and more rarely,
clinopyroxene, hornblende and quartz, crystals, these make up c. 75% of the total particle
population. Fresh, nearly colorless, hyalopilites of probably andesitic to rhyolitic composition
and red-brown, variably vesicular, palagonitized basaltic glass, make up the remainder of the
lithic fraction in these two samples. Other types of lithic clasts occur in insufficient numbers
of be useful for characterizing the temper type.
Sample fsz 17/98 spit4 10 contains a lower proportion of lithics (glass+ rock) to free crystals.
The rock particle population is dominated by variably vesicular palagonite clasts, while
pumice and fresh hyalopilitic clasts are rare. The lithic particle populations of each sample
and summarized and compared in the table below.
Samples:
Pumice (eutaxitic and
frothy)
Fresh hyalopilite
Interstitial basaltic
andesite
Variably vesicular
palagonite
Brown-black volcanic
glass.
Pervasively altered
volcanic glass.

fsz 14/88 spit1 01

fsz 15/92 sit3 05

fsz 17/98 spit4 10

Dominant

Dominant

Rare

Rare

-

-

Spherulitic devitrification

-

Common

Common

Rare

Common

Common

Common

-

Minor

-

-

Minor

Rare (single grain)
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(4) Plagioclase- Quartz- Clinopyroxene- Magnetite
Samples

Pumice

Felsitic porphyritic
andesite
Minor

Altered
pilotaxitic basalt
Common

‘Dolerite’

Common

Altered
volcanic glass
Common

Fsz 13/92 Spit1 01
Fsz 17/98 Spit4 08

Common

Common

Minor

Minor

Rare

Rare

(5) Plagioclase-Clinopyroxene-Magnetite
The plagioclase-clinopyroxene-magnetite temper type consists of a single sample and
contains around 7% lithic particles. The crystal fraction is dominated by weakly pleochroic
euhedral clinopyroxenes (50%), followed by plagioclase and magnetite. The predominance of
heavier oxides and ferromagnesian minerals suggests that it may represent a placer deposit.
Some plagioclase crystals are mantled by pink volcanic glass.
The small lithic population consists of altered volcanic rocks such as scoria, partially
palagonitized hyalopilites and felsitic clasts.
(6) Plagioclase- fine grain
Contains angular to subrounded plagioclase crystals. Some are zoned, about 1/3rd have a pink
glass mantle.
The lithic fraction contains two types of very pale to transparent volcanic glass clasts. One
type is vesiculated and contains numerous spherical bubbles; the other is non-vesicular and
contains microlites of plagioclase and clinopyroxene. Tachylite and holocrystalline basaltic
andesite clasts also occur.
(7) Hornblende temper-type
The hornblende temper type differs from all the other Garua Island temper type in several
respects. In all other tempers, hornblende only ever occurs as a minor constituent (making up
3.5% at most), while hornblende accounts for c. 53% of the temper in the hornblende temper
type. In addition, hornblendes exhibit a different pleochroic (dark brown to red) scheme that
indicates that they likely have distinct compositions from hornblendes in all other samples. In
addition, the plagioclase crystals exhibit a different morphology to those in other tempers:
they are more stout/stubby and have more pronounced compositional zoning.
Finally, free crystals of pyroxene frequently exhibit resorbtion textures such as corrosion and
mantling by hornblende.
In the lithic fraction, highly porphyritic clasts of andesite, with stout, zoned plagioclase
phenocrysts set in a fine-grained groundmass are unique to the hornblende temper type.
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Fig. 2. Plane polarized photomicrograph of the hornblende temper type. The temper is poorly sorted, with some
crystals being much larger than other. Two distinct hornblendes occur; one type exhibits a dark yellow to toffee red
pleochroic scheme (the three largest crystals), the other ranges from pale green, straw and dark green (smaller green
crystals). Note the abundance of black magnetite grains, another feature of the hornblende temper type.

3.1.2 Modern beach sands
The two samples of modern beach sand from Garua Island, beach at Garua Whart and Below
FRE, both consist of about 2/3rd free crystals and 1/3rd lithic clasts.
Both samples are medium to coarse sands, and are moderately to well sorted. The lithic
particles are generally subrounded while the crystal particles are predominantly subangular.
Free crystal fraction
The free crystal population of both samples is dominated by plagioclase crystals that range
from euhedral to subhedral, are commonly broken, often contain internal compositional
zoning and sometime exhibit thin mantle of pale pink volcanic glass.
Green to pale yellow, sometimes weakly pleochroic, clinopyroxenes (likely augite-diopside)
is the next most common phase, while both magnetite and quartz also occur in both samples.
The Whart beach sand also contains minor olivine, hornblende and foraminifera.
Lithic fraction
Both samples contain clasts of buff pumice (as seen with the naked eye), most commonly
flow-banded, as well as variably vesicular olive- green hyalo-ophitic and hyalopilitic clasts
with microlites and some crystalline basaltic to andesitic clasts. Both samples also contain
altered volcanic glasses.
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3.1.3 Garua Island tempers discussion
Distinctive assemblages characterise temper-types
Table 1 summarises and compares the rock particles present in all the temper types analysed.
No temper-types, apart from the hornblende temper-type (fsz 12/92 spit 01 04) have
diagnostic rock or free crystal particles. That is, most rock-types occur in more than one
temper-type. However, most temper types do contain particular rock particle assemblages and
proportions that corroborate their groupings based on the crystal-fraction of the temper.
The ability to corroborate the temper-type classification is stronger for temper types with
multiple samples than for those with a single sample. For example, in all the ‘Rock’ temper
type samples, fresh olive-green sideromelane is the predominant type of clast. On the other
hand, rock types that only make up a small fraction of the particle population are clearly not
very useful for identifying temper types, since their presence in some samples and not in
others could be attributed to the limited sample size of each thin section.
Since there is considerable overlap of rock-types across most temper types, it can be
challenging to distinguish between some of them. Some temper-types can be easily
distinguished, such as the rock, plagioclase and plag-quartz. For others, petrographic analysis
of the rock particles is a less reliable means of identification, particularly when the rock
particles make up less than c. 5% of the temper. When this is the case, such as for the
plg-qtz-cpx-mgt and the plg-cpx-mgt temper-types, the small sample size reduces the
reliability of the approach.
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Glass mantled plg
Pumice
Hyalopillite
Hyalo-ophite
Intergranular
basalt/andesites
Black tachylite w/
phenocrysts
Pilotaxitic fresh
Scoria
Palag rounded
Andesitic porphyritic
w/ hbl
Andesitic porphyritic
w/cpx
Felsitic alteration

Lithics

S

409

Y

S

S

S

Y

Y

Y

Y

Y

Y
Y

S

Y

Hornblende
(Garua)

Y
R
S

Y

Y

Plg-fine
grain
Y

Y

Y

Plg-Cpx-Mgt

Y*

Plg-Qtz-Cpx-M
gt
Y
Y

Y
Y
Y

Plg-Qtz

Y

Y
Y
Y

Y

Rock

S

Y
S
S
S
Y

Plag

Y

Y

S

S

S

Hornblende
(Arawe)

Table 1. Summary of rock particle types across all temper types, incl. Arawe hornblende. Mantled plagioclase phenocrysts and holocrystalline basalt or andesites occur in the majority of
temper types from Garua Island. Pumice and hyalo-ophites and hyalopilites, as well as palagonite (altered volcanic glass) also occur in several temper types. The hornblende temper type
contains distinctive porphyritic andesite clasts. These closely resemble those found in the Arawe hornblende tempers.

Common particles across temper-types
All temper-types except hornblende contain abundant plagioclase crystals. These range from
euhedral to subhedral, are sometimes zoned, and tend to be elongate prisms when they are not
fractured or broken. In addition, between 1/3rd and half of all plagioclase crystals preserve a
rim of pale pink to light brown volcanic glass. This pink glass is also found between
phenocrysts in some polymineralic clasts of plagioclase, clinopyroxene and, rarely,
hornblende, which occur in several samples across temper-types. On some particles, the
glassy rim preserves conchoidal fracture textures and sometimes bubble-wall textures.

Fig. 3. Glass mantled plagioclase crystals occur in all Garua Island tempers except the hornblende temper. Here, a
broken plagioclase crystal with conchoidally fractured pale pink-brown glass can be seen in the center of the image.
Another, down and to the left of the first one, exhibits bubble-wall textures in the glass mantle.

The EDS data indicate that the composition of these plagioclase phenocrysts range between
andesine (30-50% An) and labradorite (50-70% An), which minor bytownite in some samples
(70-90% An). When compared with the data from Louder et al, 1970, these compositions
suggest derivation from an andesitic to rhyolitic magma.
The composition of the plagioclases distinguishes all other temper types from the hornblende
temper-type, in which the composition of plagioclases narrowly centred on labradorite
(50-70%).
In addition to the plagioclase free crystals, basaltic to andesitic clasts, which display a range
of textures and degrees of alteration, but cannot be easily subdivided in different rock-types,
occur in most temper types. Other rock types that occur in several temper types are pumice,
fresh sideromelane hyalopilites and hyalo-ophites and altered volcanic glasses such as
palagonite and tachylite.
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Comparison with modern beach sands
The sedimentary textures of the temper types suggest that they were likely beach sands. They
are medium to coarse sands, and are moderately to well sorted. Comparing their textures with
the two modern beach sands from Garua Island supports this interpretation: they are texturally
indistinguishable from the temper sands.
The two modern beach sands analysed contain similar assemblages of free crystals. In
addition, they contain fresh hyalopilites, pumice and crystalline basaltic-andesites that are
optically indistinguishable from some of those observed in all Garua Island tempers except
the hornblende temper.
Taken together, the data are consistent with an interpretation that the tempers where derived
from local beach sands. Under this interpretation, variations in the crystal and rock
assemblages between temper types could either result from spatial variations in the
composition of sands, both within a single beach and between nearby beaches, and
composition changes with time. The latter is not improbable given the high level of volcanic
activity on Talasea peninsula (Spetch, 1988), which could produce fresh pumice, ash and
hyaloclastic rocks after eruptions.
Placer effects could produce some of the differences between temper-types, since some have
higher concentrations of heavy minerals such as oxides and ferromagnesian minerals (e.g.
plg-cpx-mgt).
Hornblende temper-type discussion
The absence of crystals and lithics that overlap with the other temper types suggests that the
hornblende temper type was derived from a different source to the other tempers. None of the
particles were encountered in the modern beach sands from Garua Island either. The
hornblende temper type could plausibly an exotic temper to Garua Island.
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3.2 Arawe hornblende temper type
3.2.1 Overview

Fig. 4. Plane polarized light image of a representative Arawe Island hornblende temper-type. Two distinct types of
amphiboles occur (green and toffee-coloured). A larger porphyritic clast can be seen in the centre of the image. It
consists of phenocrysts of stubby and poikilitic plagioclase (colourless crystals) and a partially retrogressed hornblende
crystal with a selvage of opaque minerals. Image taken at 4* optical zoom.

The crystal and rock particle populations of the hornblende-temper type samples are all
derived from igneous rocks. While some free crystals could be derived from plutonic rocks,
all rock particles are volcanic, and the textures exhibited by the free crystals suggest that they
represent phenocrysts from volcanic rocks.
The temper consists of fine to medium grained sand, which is poorly to moderately sorted.
Lithic particles are generally larger than mineral particles. Both particle types range from
angular to subrounded.
The hornblende temper type from Arawe Island contains several diagnostic features, which
make it easy to distinguish from other temper types described in this study. These include the
predominance of hornblende crystals (40-60%) of the particle population (fig.4.), the presence
of two distinct kinds of amphiboles (which may or may not be hornblende), the skeletal and
sieve texture of numerous plagioclase crystals and the presence of highly porphyritic andesite
particles which contain stubby plagioclase phenocrysts, hornblende and, rarely augite
phenocrysts and a fine groundmass of plagioclase and opaques (see fig. 4. And table 3.1.2).
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3.2.2 Discussion of Arawe hornblende temper type
The lithic fraction of the hornblende temper types identified for samples from Arawe Islands
(FOJ, FOH, and FNZ) is distinguished by the presence of highly porphyritic andesitic clasts
in all samples. These clasts probably come from the same provenance as crystal population, as
the phenocrysts that make them up, and their morphology, is similar to the latter.
The porphyritic clasts, which include the two hornblende bearing types as well as much rarer
clinopyroxene bearing clasts, are distinguished by the presence of large phenocrysts in a fine,
often sugary groundmass which is often partly glassy.

Fig. 5. Cross-polarized light image showing common texturesin plagioclase free crystals in the Arawe hornblende
temper-type. The twinned plagioclases in the centre of exhibits a striking poikilitic texture with numerous inclusions of
clinopyroxene. The plagioclase crystal to the lower right of the center has a skeletal texture, typical of fast growing
crystals.

Plagioclase morphology is distinct from all other temper types by (a) the more equant, less
elongate shape of the crystals and (b) the widespread, though not universal, sieve to skeletal
texture. Plagioclase crystals may also be poikilitic, with numerous small inclusions, and often
display multiple twinning. These textures are likely indicative of delayed crystallization as
supported by the abundance of hydrous phases (hbl) (water delays the crystallization of
plagioclase in mafic magmas) and rapid growth, possibly initiated by the magma’s ascent and
a lowering of the solubility of water (which acts to delay crystallization).
Clinopyroxene free crystals often have rounded angles, and are often mantled by hornblende
or oxides. These textures and reactions are indicative resorption of early crystallized pyroxene
phenocrysts which we in chemical disequilibrium with the magma.
Some samples (FOJ Z4 Spit16 01, FOJ TP11 Spit4 02, FNZ TP5 Layer2 08) contain a wider
variety of lithic fragments. These include fresh and altered volcanic glass fragments that are
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often subrounded, as well as hyalopilitic fragments with phenocrysts set in fresh glass that
contains fine microlites or crystallites. Only a handful of fragments contained feldspar laths
typical of drier or more mafic volcanic rocks as seen in a number of other temper types.
A noteworthy characteristic of the hornblende temper type is the often-bimodal size
distribution between lithics and free crystals. While not unique to the temper type, the some
thin sections had mm sized lithic particles while the crystal fraction was generally less than
250 µm.
The composition of the plagioclase is also distinctly more calcic (labradorite) than in other
temper types and a more detailed breakdown of plagioclase composition may provide a useful
tool for distinguishing between temper types and origins.

4. Limitations of the study
There are a number of practical difficulties which limit the insights that can be generated from
petrographic analysis of lithic and glass particles.
These include, in somewhat of a decreasing order of importance:
•

The small size of the particles. In porphyritic, polymineralic volcanic rocks (which
dominate all lithics), the rock is highly heterogeneous on millimeter to sub-millimeter
scales, so two particles that may look completely different may in fact represent
different fractions of the same rock. For example, a fine grained aphyric trachyte and a
coarse grained agglomeration of crystals may represent the groundmass and ‘clumped’
phenocrysts (glomerocrysts) of originally the same volcanic rock.

•

A large number of volcanic clasts consist of a mixture of glass and crystals (in igneous
pretrology, this texture is called holocrystalline). These particles are mostly derived
from phreatomagmatic or subaqeous eruptions in which the magma was
‘quench-cooled’ by coming into contact with water. The rocks derived from such
eruptions often exhibit a large range of crystallinity as they cooled more or less rapidly
depending on their proximity to the magma/water margin or interface (one way to
think of this, in reverse, is to think of baking bread- the outside of the loaf heats up so
fast that no bubbles form, while the inside of a loaf is often well leavened).

•

Alteration of volcanic glass fragments. In addition to glass being very hard to analyze
optically because it is amorphous, it is also very prone to alteration. Glass fragments
from the same eruption or source rock may vary from fresh to altered. It is this very
difficult to know how to classify various glassy particles, and the terminology refers
more to the degree of alteration than to composition. In general, optical analysis of
glass particles is of little use in terms of identifying their composition. Distinctive
glasses, such as pumice, sideromelane or obsidian may be useful for grouping
different samples under a temper-type but they are poor indicators of provenance.
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Glossary of descriptive petrological and textural terms
General textural terms
• Polycrystalline: rock consisting of more than one crystal. All lithic particles are
polycrystalline, though some are not polymineralic.
• Polymineralic: rock consisting of several different minerals.
• Aphanitic: igneous rock consisting of crystals that are too small to be seen with the
naked eye. Includes glassy specimens.
• Phaneritic: igneous rock containing crystals that are readily visible to the naked eye.
• Porphyritic: textural term for an igneous (volcanic or hypabyssal) rock containing a
distinctly bimodal grainsize distribution consisting of larger phenocryts set in a
groundmass of finer (often aphanitic) crystals.
• Groundmass: describes the fine grained component of a porphyritic igneous rock. The
groundmass may be crystalline, microcrystalline, amorphous or glassy.
• Phenocryst: larger, early forming crystals set in a groundmass of smaller crystals
(porphyritic) or glass (vitrophyric).
• Vitrophyric: texture describing phenocrysts set in a groundmass of glass or altered
glass.
• Vitreous: rock possessing a glassy lustre or sheen.
•

•
•

Amorphous: non-crystalline rock or domain in a rock such as glass or cryptocrystalline
materials.

Pumiceous: felsic volcanic rock with a frothy vesicular structure.
Mantle: a mantle describes when a rock or crystal has a rim of a different
mineralogy, etc, such as volcanic glass around a crystal.
415

Individual grains
• Euhedral: describes crystals that are bounded on all sides by crystal faces. Typically
early forming minerals that grew freely into a melt.
• Subhedral: describes crystals in which some crystal faces can be discerned but which
deviate from the ideal crystal form.
• Anhedral: describes crystals that are not bounded by crystal faces. Interstitial phases
are commonly anhedral as their growth is impeded by early forming minerals and poor
diffusion of elements at late stages of the melt’s cooling path.
• Poikilitic: describes a texture in which smaller crystals occur as inclusions within
larger crystals. In volcanic rocks, these textures occur almost exclusive in phenocrysts.
• Sieve-texture: when a phenocrysts contains numerous inclusions of other minerals, the
texture is described as a sieve texture.
• Skeletal: skeletal textures can result from very rapid crystallization of phenocrysts. It
describes when phenocrysts are ‘hollow’ inside, which is caused by rapid growth at
the corners of the crystal isolting its core from the magma.
Textures of mafic volcanic rocks
• Microlitic: rock containing, or dominated by, needle-like or lath-like crystals of
plagioclase and, less commonly, pyroxene.
• Pilotaxitic: containing randomly oriented feldspar microlites.
• Trachitic: containing flow-aligned aligned tabular or elongate minerals, typically
feldspar microlites.
• Interstitial: a rock in which glass or cryptocrystalline material occupies the space
between plagioclase laths.
• Hyalopilitic: mafic volcanic rock consisting of tiny, randomly oriented microlites of
plagioclase in a dominant glassy groundmass. When hyalopiltes contain large
phenocrysts, they can be described as vitrophyric.
• Hyalo-ophic: an intermediate texture between interstitial and hyalopilitic in which a
large amount of glass is present between plagioclase laths. When hyalo-ophites
contain large phenocrysts, they can be described as vitrophyric.
• Tachylite: glassy mafic volcanic rock. Tachylites are black and have a resinous lustre,
while in thin-section they are typically brown to translucent in plane-polarized light
and commonly contain abundant fine magnetite grains. Tachylites easily weather to
form a crypocrystalline material called palagonite.
• Hypabyssal microphaneritic: shallow intrusive rock consisting of fine crystals that
are visible to the naked eye commonly occurring within, or immediately below, a
volcanic edifice. Diabase/dolerite is a basaltic hypabyssal rock.
Compositional names for volcanic rocks
• Phenotypes: classifications of rocks based on phenocryst mineralogy alone. Usually
biased towards early forming phases, a phenotype is commonly erroneous for the
whole rock.
• Basalt: mafic volcanic rock consisting of < 52 wt % SiO2. Formal classification based
on total alkalis vs silica plots.
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•

•

•

Andesite: intermediate volcanic rock consisting of > 52 wt % SiO2, distinguished
optically from basalt by colour index. Andesites are the dominant volcanic rock type
in New Britain.
Dacite: volcanic rock of composition intermediate between rhyolite and andesite.
Formal classification is based on total alkalis vs silica diagrams, phenotypes can
obtained from the mineralogy using a QAPF diagram.
Spilite: a basaltic rock having undergone low temperature hydrothermal alteration
resulting in the albitization of plagioclase.

Other
• Compositional zoning: common in phenocrysts, compositional zoning occurs when a
mineral changes composition as it grows but is too cool to undergo complete
homogenization.
• Palagonite: an alteration product of mafic volcanic glass (sideromelane or
palagonite). Palagonite can also form from the interaction of mafic magmas and
water. Palagonite is typically dark brown to black under plane polarized light in thin
section.
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