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ABSTRACT

The discovery of a cemetery at Teouma on the island of Efate in Vanuatu dated to c. 3000 years
ago increased the number of early Pacific human remains available for study by nearly an order of
magnitude and provided for the first time the ability to study the population dynamics of these
early colonizers. The cemetery also provided an opportunity to investigate the chronological
development of such a unique site. Although identified short-lived plant materials are favoured for
dating archaeological sites, the reality of research in the Pacific region is that such materials are
often rare, difficult to identify to species because of an absence of suitable reference collections,
and dates on other materials often have greater potential to refine and focus 4C chronologies that
deal with specific research questions. At Teouma, dates on the burial remains themselves are the
best means to answer questions about the age and duration of the burial ground. Human bone,
however, is one of the most complicated materials to date reliably because of dietary *C offsets
and bone preservation. One commonly used methodology for calibrating dates on human bone
from Pacific human skeletal remains, based on linear interpolation between &'C endpoints and
5'°N values, is complicated by the wide range of foods available (marine, reef, C4 and Cs), and
remains largely untested in Pacific contexts. Radiocarbon dating of the Teouma site, including 36
Lapita-age burials, 5 dates on Conus sp. ring artefacts, and dates from the associated midden
deposit, has enabled further evaluation of *C dietary offsets and the reliability of calibrated
radiocarbon ages on human bone. Bayesian evaluation of the *C dates suggests the burial ground
was in regular use by c. 2940-2880 cal BP, with the last interments occurring c. 2770-2710 cal BP.
A number of burials could indicate possible earlier use, perhaps as early as 3110-2930 cal BP as
indicated by the calibrated age range of Burial 57. This cannot be independently substantiated
using other radiocarbon dates or context at the present time. Overall, these results suggest the burial
ground was in use over a possible 150 to 240 years during the formative phase of Lapita expansion
into Remote Oceania.
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1. INTRODUCTION

The Teouma site is located on the south coast of Efate Island, VVanuatu, 800m from Teouma Bay
(Figure 1). Excavations took place between 2004 and 2010 (Bedford 2006; Bedford et al. 2009,
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2010) during which 68 single and multiple burials, concentrated in a band running northeast to
southwest, parallel to the former beach, were uncovered. There are essentially two key zones of
the site that are considered in this analysis: the Cemetery Zone and the Midden Zone (primarily
the Area 2B extension) located to the east of the cemetery. Layer 3 of the Midden Zone deposit
was considered to be contemporary with the cemetery use since it largely respected the cemetery
boundary and contained substantial amounts of extinct fauna and obsidian from the Willaumez
Peninsular deposited on top of an orange/yellow tephra (Spriggs and Bedford 2013). Layer 2 of
the Midden Zone seems to have been contemporary with cemetery but also likely associated with
subsequent Lapita midden dumping that extended on top of the cemetery (i.e., Cemetery Zone
Layer 2/3 transition). A later midden deposit of up to 50 cm thick capped the Lapita cemetery area
and is associated with the Arapus and Early Erueti phases currently dated to c. 2800-2500 BP
(Bedford et al. 2009:219-221). Layer 1 of both zones represents natural post-occupation
accumulation, rich in tephra, but also some earlier material brought up from lower levels of the
site.

Preliminary analysis of the Lapita ceramics places most of them in the Western or Middle
Lapita style with hints of Early Far Western and Late/Eastern styles. A mix of older styles, exotic
ceramics combined with more simplified dentate-stamped design, and later incised and shell
impression wares support the hypothesis that Teouma represents an early phase of expansion into
Remote Oceania with some continued interaction in the region for several hundred years (Bedford
et al. 2009:225-6). Bayesian analysis of 38 radiocarbon dates on a mix of shell, charcoal and
terrestrial animal bones suggest the Area 2 and 2B Lapita midden deposits and cemetery began
shortly after 3000 cal BP (unpublished data). Bedford et al. (2009:221; 2010) suggested that the
cemetery was used for only a short period of time based on re-deposition of human remains,
similarity of mortuary practice across the site and limited inter-cutting of burials (Valentin et al.
2010a). The measurement of 36 radiocarbon dates on the burials themselves was hoped to confirm
this, but further investigation of potential dietary offsets was necessary before any chronological
evaluation could be made.

1.1. Dietary Correction

Ever-increasing improvements to the precision of radiocarbon measurement, combined
with improved knowledge of sample type issues and routine statistical modelling have highlighted
our limited understanding of **C variation in nature. Of particular concern is that humans and
domestic omnivorous animals, such as pigs, can have a diet consisting of both marine and
terrestrial foods. Because these two “C reservoirs differ by around 400 **C years it is essential that
the correct proportions of each 1*C calibration curve are used when calculating a calendar age (i.e.,
SHCall3 [Hogg et al. 2013]/IntCal13 and Marinel3 [Reimer et al. 2013]). 8*3C and/or 5'°N
isotopic values from bone protein are regularly used as indicators of different dietary protein
sources, and are particularly useful in distinguishing marine and terrestrial protein diets (e.g.,
Ambrose and Norr 1993; Dewar and Pfeiffer 2010; Field et al. 2009; Richards et al. 2009; Tiezen
and Fagre 1993; Valentin et al. 2010b). This is based on the fact that natural variations in *C
values among plants and animals are maintained within the consumer bone collagen and that
offsets between diet and consumer isotopic ratios, caused by metabolic fractionation, are relatively
predictable. For temperate regions, consumer 5'3C is generally enriched by +5.0%o relative to
plants consumed, and by +1.0%o relative to animals consumed (DeNiro and Epstein 1978; Fischer
et al. 2007:2127; Lamb et al. 2012; Reitsema et al. 2010; van der Merwe and Vogel 1978; van
Klinken et al. 2000). The mean &*3C for Cs plants is around -26%o, while for C4 plants it is -12%o.



513C values in the marine reservoir are more varied, but tend to range between -15%o and -10%o
(Lee Thorp et al. 2007; Schoeninger and DeNiro 1984). This information can be strengthened by
the measurement of 5!°N; there is an increase in §°N value of c. +2 to 5%o for each step (trophic
level) up the food chain (Hedges and Reynard 2007:table 2; Schoeninger and DeNiro 1984). Since
aquatic (i.e., marine and freshwater) food chains are longer than terrestrial counterparts, diets
dominated by food from fresh and/or marine waters can often be distinguished from more
terrestrial diets by elevated nitrogen values. Consequently, humans from temperate regions who
get most of their protein from marine food typically have 5!°N values between +12 and +22%o,
while those that consume only terrestrial protein have N values ranging from +5 to +12%o
(Richards et al. 1998:1248).

In practice, the interpretation of diet is complicated by numerous assumptions that make it
difficult to assign actual proportions to different foods (see Hedges and Reynard [2007] and
Schulting and Richards [2002]), but for **C work it is essential that a % marine value is calculated.
This is less palatable to researchers investigating diet alone because this value may differ from the
actual proportions of foods eaten, primarily because of preferential routing of protein rich foods to
protein in the body. Ultimately, this may result in an overrepresentation of marine foods in the diet.
Since radiocarbon calculations are based on the specific 4C/*2C ratio of the material analysed,
however, any dietary correction applied to a date of bone protein must be representative of the
proportion of marine carbon incorporated into the collagen and not a correction based on the
proportions of marine food relative to whole diet. To simplify the process *C researchers have
utilized a linear extrapolation methodology between terrestrial and marine 5*3C endpoints whereby
bone collagen §*3C values for animals that consumed terrestrial Cs pathway plants, or the flesh of
animals that fed on those plants, are around -20 to -21%o., with some latitudinal changes caused by
atmospheric CO2 variation and temperature (van Klinken et al. 2000:52—54). Marine endpoints are
recognised as being more difficult to define, but a §13C value of c. -12%o is typically used in
Northern Hemisphere **C research to indicate a diet that is high in marine protein (e.g., Richards
and Hedges 1999:892; Schoeninger et al. 1983). This methodology has been used for calibrating
human bone radiocarbon determinations from Pacific island locations (Petchey and Green 2005),
but there are recognised limitations in such contexts and it has not been thoroughly tested (Petchey
etal. 2011).

For Pacific burials the ability to resolve the marine *C contribution to the bone collagen
via diet is essential, but complex because of a possible combination of marine, reef and freshwater
foods, as well as Cz and Ca4 plants (e.g., grasses, sea-grass and seaweeds) which confuse both the
313C and 8°N isotopic signatures. These interpretive difficulties increase as diets diversify and
domesticates enter the picture (e.g., Field et al. 2009; Jones and Quinn 2009; Petchey et al.
2011:37). Unfortunately, the recent use of a third isotope (5%4S) aimed to counteract this (Leach et
al. 1996, 2000, 2003; Petchey and Green 2005; Petchey et al. 2011; Richards et al., 2001) has met
with varying success because of a possible sea spray effect (Beavan Athfield et al. 2008; Kinaston
2010) or the consumption of animals that browse in this coastal zone, such as pigs (Beavan
Athfield et al. 2008), while the limestone geologies of many Pacific islands can also provide a
source of 3*S that mimics marine signatures (Clark and Fritz 2000:fig 6.1). This last fact may limit
the usefulness of this approach to areas with no, or limited limestone bedrock; explaining the
apparent success of this methodology in some locations (e.g., Kinaston et al. 2013a) but the
difficulty of using 5**S at Teouma where limestone cliffs surround the site!. Consequently, dual

15%S values obtained for the Teouma burials are given in Table 1. The enriched values for these probably reflect environmental/geological
conditions, rather than a high % marine protein diet as the values obtained were identical to fully terrestrial tortoise 5**S values obtained at the site



isotope methodologies persist (cf., Kinaston et al. 2013a, 2013b, 2014; Valentin et al. 2010b, 2011)
which, despite a growing database of published Pacific food isotope values, have been difficult to
verify and refine.

None of these methodological issues are unsolvable, but the level of chronological control
needed to test and refine the *C corrections needed for human remains from Pacific locals has
been lacking until now. Here we present radiocarbon and stable isotope results for 36 radiocarbon
dates on Lapita-age human burials? and 5 associated Conus sp. shell rings from Teouma and
compare them with associated dates from the adjacent Area 2 and 2B Lapita midden.

2. SAMPLE SELECTION AND MEASUREMENT

Thirty-nine Teouma Lapita burials were selected for dating. These include burials from the upper
beach (burials 4, 5, 40, 53, 58, 59, 65) and reef locations (burials 8, 10e, 14, 16, 17, 18, 22, 24, 25,
26, 29w, 30 [a, b, c], 34, 38, 41, 43, 44, 48, 50, 51, 52, 54, 55, 56, 57, 60, 64, 66, 67) (Figure 2).
The majority of burials are adults, with the exception of burials 22 and 59, which are adolescents,
and infant burial 24. All burials except infant burial 24 were the product of a complicated and
lengthy mortuary protocol that ultimately resulted in incomplete primary burials and burials
composed of multiple individuals (Valentin et al. 2010a).

All bone dates were prepared and analysed at the University of Waikato Radiocarbon
facility in New Zealand. Gelatin was extracted from each specimen using a modified Longin
(1971) protocol, whereby the sample was decalcified in 2% w/v HCI at 4°C for 24 hours, then
rinsed with distilled water. This acid insoluble collagen was then gelatinised by heating in weakly
acidic water (pH = 3 at 90°C for 4 hours) and the supernatant (“gelatin’’) removed, ultrafiltered
(cleaned Centriprep®, Ultracel YM-30 filters), and freeze-dried (after Bronk-Ramsey et al. [2004];
UCI AMS [2006]). AMS targets were measured at the Keck Radiocarbon Laboratory, University
of California, Irvine, or GNS Science, Wellington. 5'3C values for *C fractionation correction
were measured on gas splits taken during preparation of samples for AMS analysis at the
University of Waikato using a Europa Scientific Penta 20-20 isotope ratio mass spectrometer
(IRMS).

Gelatin stable isotope measurements used for dietary reconstruction and quality assurance
(QA) were measured at Iso-trace Research Department of Chemistry, University of Otago on a
Carlo Erba NA 1500 elemental analyser (EA), coupled with either a Europa Scientific ‘20/20
Hydra’ or a Thermo Finnigan Delta Plus Advantage. Sulphur was measured at Isoprime Ltd,
Manchester, using a Vario MICRO cube EA coupled to an Isoprime IRMS, or at Iso-Analytical,
Crewe UK on a Roboprep EA coupled to a 20/20 IRMS. Bone isotope QA parameters (% gelatin
yield, %N, %C and C:N) have been adapted specifically for 14C use by van Klinken (1999), who
noted that most well-preserved archaeological bone protein has a %N value that ranges between
11 and 16, a %C value between 30 and 45, and a C:N ratio range of 3.1-3.5%. Radiocarbon
researchers have found that it is still possible for contaminated samples to give acceptable QA
values therefore, following Brock et al. (2007), the amount of extractable protein (% ultrafiltered
gelatin yield) was also used as a guide to the reliability of the “C results, whereby any sample

(unpublished data). Kinaston (2010:129-132) lists the range of §%S for Pacific island remains as 6.1%o - 15.4%o for terrestrial systems and 16.9%o
- 19.5%, for marine systems. However, there is insufficient variation to distinguish between C, and marine offsets.

2 In this evaluation we have excluded a radiocarbon date on cremation Burial 26 reported in Scott et al. (2010).

3 This differs from Valentin et al. (2010b:1823) who used C:N parameters of 2.9-3.6 after DeNiro (1985). Independent evaluation of well-preserved
bone stable isotopes at the Waikato Radiocarbon laboratory favour the parameters given by van Klinken (1999) for “C work.



yielding <0.5% of the starting weight of bone powder was treated with caution®. Stable isotope
values and yield data are given in Table 1. An additional 33 stable isotope values were collated
from Valentin et al. (2010b) and 9 tooth dentine and 13 bone collagen values from Kinaston (2010)
and Kinaston et al. (2009). These values have been evaluated here according to the same
parameters as outlined above. Calibrated radiocarbon dates and dietary parameters (per-cent
marine carbon) are given in Table 2. The rationale behind our results is discussed in the following
sections.

Four Conus sp. ring artefacts found in direct association with burials 4, 17, 58 and 59 have
also been dated and provide control **C ages for our dietary corrected human bone results. A fifth
radiocarbon date on a Conus sp. ring associated with undated Burial 11 was also obtained.

3. RESULTS
3.1. Quality Assurance

Twenty-one out of 58 (36%) of the Kinaston (2010), Kinaston et al. (2009) and Valentin et al.
(2010b) samples fall outside our very strict isotope QA parameters, compared to 0 out of 36 for
the new dataset reported here.®> Of these 36, five had low yield values (<0.5%) and the associated
14C data should therefore be treated with caution despite acceptable isotopic quality assurance
values (Table 1). Yield information was not collected during the Kinaston (2010), Kinaston et al.
(2009) and Valentin et al. (2010b) studies. The difference in acceptable sample numbers between
the new data and Kinaston (2010), Kinaston et al. (2009) and Valentin et al. (2010b) datasets may
be a consequence of specific pretreatment parameters (Petchey et al. 2011:37; Privat et al.
2007:1200) or bone selected (Martin et al. 1998). Regardless of the exact cause, which is beyond
the scope of this paper, it does have an impact on the range of §*3C and §*°N values used for dietary
analysis.

Our 813C values for the Lapita-age burials range from -13.0%o to -16.5%o0 with an average
SBC of -15.2+0.8%0. 3'°N values range from +10.6%o to +14.5%0 with an average value of
+12.440.8%o. The Valentin et al. (2010b), Kinaston (2010) and Kinaston et al. (2009) datasets have
S13C values that ranges from -13.7%o to -19.3%o (average = -15.9£1.2%o) and 5'°N from +10.6%o
to +16.1%o (average = +12.6+1.9%0). Removing samples that failed the QA tests reduces this range
slightly (8°C = -14%o to -18.2%o; average =15.9£1.1%o; 6'°N = +10.6%o to +15.2%o; average =
+12.8+1.2%0). Combining all three datasets results in acceptable samples having an average §'3C
of -15.61.0%o with a range between -13.0%o and -18.2%o; average §°N =+12.6 £1.2%o and range
from +10.6%o to +15.2%o.

3.2. Dietary Parameters
As outlined above, considerable uncertainty exists with using C and N isotopes to arrive at an

interpretation of dietary input. To counteract some of these issues it is generally recommended that
reference isotopic data be collected from flora and fauna from the region and time period under

4 This is lower than the cut off recommended by Brock et al. (2007). Rejecting samples that have less than 1% yield would result in most Pacific
bones being excluded for radiocarbon dating. Research undertaken at the Waikato University Radiocarbon Laboratory indicates that bones returning
a 0.5% yield give reliable results.

5Three bone samples submitted for analysis to Waikato were abandoned prior to isotopic testing due to poor quality gelatin and low yields.
These include: Burial 64 (0.25% gelatin yield); Burial 66 (0.07% gelatin yield); and Burial 67 (0.25% gelatin yield).



study (Fischer et al. 2007:2140). Unfortunately, at present there is little comparative isotope data
to which we can compare the Teouma burial remains. Here we have had to compromise by using
the Pacific diet database (see Kinaston [2010] and Kinaston et al. [2013a]) compiled from both
modern and prehistoric food sources (Figure 3). In Figure 3 we have taken the principal food
source divisions and corrected them for a trophic shift in isotopic value between food source and
consumer bone protein (+1%o for §*3C, +5%o for 8*3C of plant food and +3.5%o for *°N)°. These
are overlain with available comparative food (marine turtle [?Chelonia mydas], tortoise
[?Meiolania damelipi], rat [Rattus exulans], fruit bat [Pteropodidae], pig [Sus scrofa]) and human
isotopes from Teouma (including the 37 acceptable values from Valentin et al. [2010b:1823, table
2] and Kinaston [2010:414, 415] and values published in Kinaston et al. [2014]).

The values presented in Figure 3 indicate that a fairly significant amount of marine protein
has been incorporated into the bone protein of the Lapita-age individuals. §*3C values fall midway
between terrestrial (Cs)/freshwater and marine/reef groupings. The Valentin/Kinaston isotopes
display a greater spread towards terrestrial foods, while the new Waikato values fall closer to
marine foods. Overall, 8°N values range between +10.6%o0 to +15.2%o, crossing the
terrestrial/marine 81°N boundary of +12%o established by Northern Hemisphere researchers (e.g.,
Richards et al. 1998:1248). Using Figure 3 as a guide, the potential §*3C endpoints are extremely
broad (a terrestrial 53C endpoint of c. -20+2%o and a marine §*3C endpoint of c. -12.5£3%o).
Although these endpoints are not dissimilar to that reported for the Northern hemisphere, and are
statistically no different to the 8'3C endpoints of -21%o and -12%o used by Petchey and Green
(2005), the SD of the marine endpoint is too large to be useful for our purposes. Also of note is
that the isotope values for pig from the Teouma midden generally reflect a more terrestrial C3
based omnivorous diet, in keeping with findings by Kinaston et al. 2014:13). Theoretically, it is
possible that humans obtaining the majority of their dietary protein intake from these pigs could
end up with an isotopic enrichment equivalent to that observed for some of the Lapita individuals,
and therefore the actual marine *C input to the bone could be lower. This possibility, and the
validity of the '3C -21%o/-12%o endpoints, can be tested using radiocarbon dates on associated
shell artefacts (see Diet 2 model in Table 2).

As an alternative to 8*3C endpoints of -21%o and -12%o used by Petchey and Green (2005),
Clark et al. (2013) have suggested isotopic endpoints of -20%. (C3 terrestrial diet) and c¢.-10%o
(marine diet) for omnivores from Pacific locations. These values are based on pigs found in
archaeological sites across the Pacific, and the marine endpoint reflects the isotopic values
obtained on animals with a demonstrably controlled and predominantly marine diet (Richards et
al. 2009:36). In this dataset, 3*°N values for pigs eating only terrestrial protein fall between +7.0
and +10.3%o, while those assumed to have a predominantly marine diet return values that fall
between +14.4 and +18.3%o (see pig isotope band in Figure 2). Ultimately, the effect of using 5'3C
endpoints of -20%o and -10%o is a slightly reduced estimate of per-cent marine carbon in the bones
(see Diet 1 model in Table 2).

The likelihood of C4 foods adds further complications to the dietary interpretation. The
influence of Cs4 plants is possible via the ingestion of seaweed, both directly, and indirectly via
marine animals (Kinaston 2010:332), and domesticated sugar cane (Kinaston et al. 2014:6). Most

6 Our metabolic and tropic corrections to 8!3C and 615N differ from those used in recent Pacific dietary publications; Kinaston et al.
(2013a:907) assumed a diet-tissue enrichment in 13C of +5%o and +3%o for !N for burials from southern Papua New Guinea. Conversely,
Valentin et al. (2010b, 2011) and Jones and Quinn (2009) corrected 8!3C values by +5%o for §13C and 8'°N for +4%so to arrive at consumer
values for individuals from American Samoa, Teouma and Fiji respectively, while Allen and Craig (2009:490) used +1%o for 6!3C and +3%o
for 815N for individuals from the Cook Islands. Overall, there is considerable uncertainty about the magnitude of trophic level enrichment
possible, and therefore variability in the protocols used by Pacific researchers.



isotope studies (e.g., Valentin et al. 2006:1404; Richards et al. 2009:30) assume that the direct
consumption by humans of Ca4 plants does not result in a significant shift in the 5'3C values, except
in extreme dietary situations, because plants contain almost no protein that can be preferentially
routed to collagen. Isotopic analysis of human remains from several early archaeological sites in
the Lau Island group (Jones and Quinn 2009:2750) and at Koné, New Caledonia (Petchey et al.
2011) have, however, returned depleted 8*3C values interpreted as being from the consumption of
C4 plants. One area that has not previously been explored to solve this problem in the Pacific is
813C evaluation of bioapatite carbonates (enamel and bone carbonate). Bone carbonate §3C value
is a function of the bulk diet offset by around +12%o to +14%o0 (Ambrose and Norr 1993; Tieszen
and Fagre 1993). Consequently, for temperate region Cs browsers the C values are around -
12%o to -14%o, while C4 grazers have values of around 0%o to +2%o, and predators closely resemble
those of their prey (Lee Thorp et al. 2007). Kellner and Schoeninger (2007) used a combination of
carbonate and collagen 8*3C data to evaluate the contribution of Cs, C4 and marine protein and
energy sources in the diet. Using our collagen data, and 17 tooth enamel §'3C values (Table 1)
from Bentley et al. (2007:653, figure 4) we have undertaken a similar analysis for the Teouma
individuals. This evaluation has the caveat that tooth enamel once mineralized is not remodelled
and therefore provides a record of diet history in early childhood (Ambrose and Norr 1993;
Fremondeau et al. 2012).

Our results (Figure 4) show that the majority of the Teouma individuals studied fall on or
near the marine protein regression line at the level of 100% Cs energy. This indicates that most
bone protein originates from marine protein sources, but that small amounts of C3 and C4 protein
are possible in the diet. Bentley et al. (2007) previously identified three individuals (burials 3, 10e
and 18) as foreigners on the basis of distinctive 8 Sr/%Sr and 520 values.” In Figure 4, burials 3
and 18 burials have higher proportions of energy contribution from C4 sources compared to many
other individuals studied. Burial 18 appears to have a contribution from Cz protein sources but
Burial 3 has a mixed marine/C4 protein diet. This will result in an overestimation of the per-cent
marine carbon value and could have a significant impact on the calibrated **C age range of Burial
3. Burial 8 falls below the C4 protein line, but a comparable 5'3C value from Valentin et al.
(2010b:Table 2) is more depleted (53C = -14.5%o), so this cannot be confirmed. Ultimately, the
identification of C4 protein in Burial 3 means any Teouma individuals not evaluated in this manner
could have *C values that are offset, reducing the resolution of individual burial dates. The use of
S13Cearbonate t0 establish C4 dietary input requires further testing on Pacific examples.

3.3. Radiocarbon evaluation

All radiocarbon dates were calibrated and interpreted in a Bayesian framework using OxCal v4.2
(Bronk Ramsey 2013) with a mixture of the Marine13 and Intcal138 curves (Reimer et al. 2013) as
determined from dietary terrestrial/marine isotopic endpoints; -20%o/-10%o (Diet 1) and -21%o/-
12%o (Diet 2). Given the limitations of the dietary evaluation we have used an uncertainty of £10
on the per-cent marine carbon result following the recommendations of Ambrose (1993:112), or

7Burial 10E identified by Bentley et al. (2007) as a foreigner has comparable isotope values to the majority of individuals from Teouma
(Table 1).

8The 14C division between the Northern and Southern Hemispheres is considered to lie along the Inter-tropical Convergence Zone (ITCZ).
This creates additional uncertainty when calibrating terrestrial samples from Pacific locales because many island groups, including
Vanuatu, straddle the South Pacific Convergence Zone, which merges with the ITCZ to the west. Because the Southern Hemisphere
calibration curve (Hogg etal. 2013; McCormac et al. 2004) was developed from trees younger than 1000 cal BP collected above 25°S (South
Africa [25° S], New Zealand [40° S] and Southern Chile [55° S]) we have opted to use the Northern Hemisphere calibration curve (IntCal13:
Reimer et al,, 2013) for terrestrial calibrations from Central Vanuatu [~17-18° S].



+20 for those burials identified as having a Cs dietary component (burials 3 and 18). For the mixed
diet calculations and Conus sp. shell determinations® a location-specific reservoir correction value
(AR) of 40+44 C years has been applied to the marine curve to adjust for regional oceanic
variation in *C (Petchey et al. 2008:376-379). All dates given in the text are reported at 68.2%
probability. To refine the chronological interpretation of Teouma we have utilized Bayesian
statistical methods whereby '“C ages are constrained by prior information such as stratigraphic
sequence and archaeological provenance. The overall model is assessed by the calculation of an
agreement index (Amodel Or Acomb) that tells us how well the model agrees with the observations. If
“A” falls below 60% (equivalent to the 5% level of a y? test), the model should be re-evaluated
(Bronk-Ramsey 1995).

Initially, we undertook a comparison of the *C results of the Conus sp. ring artefacts with
the associated burial dates (burials 4, 17, 58 and 59) using the “combine” command in OxCal that
enables the probability distributions of the two different dates to be assessed. This provided an
independent check on the age of these individuals and our dietary assumptions. Our results (Table
3) show a good level of agreement between shell and bone results for Diet 2 (-21/-12%o), but both
Burial 17 and Burial 59 have Acomb results for Diet 1 (-20/-10%o) that fall below the 60% level. For
Burial 17 (Acomb = 32.3) the associated shell result (Wk-37680) gives a calibrated age range that
is younger (2880-2750 cal BP) than the associated burial **C result for this dietary model (3070-
2960 cal BP). Acomb for Burial 59 is 54.6% with the shell returning a calibrated age of 2760-2650
cal BP compared to 2830-2750 cal BP for the bone. The possibility that the Conus sp. shells may
have some additional age (i.e., an “heirloom effect” where the artefacts may have been kept for
some time before being deposited with each burial, or “inbuilt age” where older animals were
selected) is unlikely as both of these scenarios would result in the Conus sp. dates being older than
the date of deposition, which by implication would result in a smaller dietary correction being
needed for the associated burial (therefore favouring the Diet 1 model). Instead, the slightly older
age for Burial 17 may be a storage effect as this is a secondary burial (skull and mandible)
subsequently placed on top of the Conus ring in a pot. However, based on the observations outlined
above for both burial 17 and 59, we conclude that the higher per-cent marine carbon correction
(Diet 2) is more appropriate. This value has been used for calibrated results given in Table 2 and
Figure 5.

Because of the nature of cemetery sites it is rare to have stratigraphic information that can
be used to refine the date sequence, and Teouma is no exception with limited intercutting of burials.
Available archaeological evidence suggests the site was a single-phase cemetery that had been in
use for a relatively short period of time. With the available information it is impossible to give a
definitive start and end date for the Teouma cemetery because of uncertainties with dietary offsets,
and because it is unclear whether we have dated the very first or very last individual interred there,
though at least 75% of the cemetery has been excavated as its limits on three of four sides were
established. Using a Bayesian framework we can however draw inference using the age of the
material deposited between these two points. Based on field observations (Bedford et al. 2009,
2010) we initially combined all 36 burials and 5 shell dates into a single phase with a uniform

9There are some recognised uncertainties with dating shell, of note is the offset caused by regional marine reservoir variations (commonly
referred to as AR). Conus are reef dwelling animals and are therefore not prone to ingestion of young terrestrial sediment as is the case for
some estuarine shellfish (e.g. Anadara granosa [Petchey et al. 2013]). Limited studies on historic (pre-AD 1950) Conus sp. shells indicate
they are in equilibrium with the marine CaCOs3 (Petchey et al. 2008) and therefore expected to be comparable to the AR value for Vanuatu
used in this paper. A AR for a single shell from Mangaia in the Cook Islands was tentatively attributed to the uptake of 14C from the limestone
bedrock, but this sample has less than ideal provenance information and a post-1950 date of collection. Moreover, §'3C values for the
Conus sp. rings from burials 4, 17, 58 and 59 (range between 1.9 and 3.84 %o) are all typical marine values (cf,, Petchey et al. 2013).



boundary using the OxCal sequence/boundary protocols. Unfortunately, OxCal was unable to
resolve order regardless of per-cent marine carbon value used and the program run had to be
abandoned. Substituting the uniform boundaries with trapezoidal priors (see Lee and Bronk
Ramsey 2012) relaxed the boundary constraints and provided good agreement for both lower (Diet
1; Amodel =143.1) and higher (Diet 2; Amodet =192.9) per-cent marine carbon models (see Table 4).
Trapezoidal priors enable a more gradual boundary transition to be incorporated into the model
and therefore may better reflect the burial situation whereby the population would have expanded
after initial settlement, plateaued, and then the cemetery would have gradually decreased in
popularity as people moved away. It is also possible that a multiphase model may be more
appropriate, but archaeological support for this possibility is not available. As indicated above,
comparison of four burials with concomitant Conus sp. **C ages favours the higher per-cent marine
carbon parameters (Diet 2) which results in slightly younger ages for the burials and suggests the
cemetery was in regular use by c. 2940-2880 cal BP (possibly beginning as early as 2970 cal BP)
with the last burial occurring c. 2770-2710 cal BP, and possibly ending as late as 2680 cal BP. Use
of the Diet 1 model pushes the age of the cemetery back slightly to 3020-2950 cal BP, with the
last regular activity occurring c. 2830-2760 cal BP (maximum age range of 3060-2710 cal BP).
Overall the span of cemetery use falls between 150 and 240 years (Diet 2) or between 180 and 280
years (Diet 1) indicating use of this area for several generations (Table 4).

Radiocarbon dates on materials from the nearby Area 2 and 2B midden, including short-
lived nut charcoal, marine shell, tortoise and chicken bones are also available for comparison.
Stratigraphic interpretations made in the field indicated that Layers 2 and 3 from the Midden Zone
were contemporary with the cemetery and that material from the Layer 2 Cemetery Zone midden
belonged to immediately post-cemetery Arapus and Erueti phases. Intermixing between layers by
post-cemetery human settlement activities has, however, resulted in numerous inversions that
make the chronological interpretation less clear. Bayesian analysis of all Lapita deposits places
them between c. 2960 and 2660 cal BP (unpublished data) — thus favouring a slightly younger age
for the deposits than previously reported by Bedford et al. (2009). Assuming the midden and
cemetery are of similar antiquity this result favours the slightly younger age range (2940-2710 cal
BP) for the burials obtained using the Diet 2 calculation. Use of the Diet 1 model age (3020-2760
cal BP) would place initial cemetery use prior to the midden, and there is nothing in the associated
material culture or field observations to suggest that this was the case. Initially, it was hoped to
use short-lived nut charcoals from the midden deposits to further constrain the Bayesian analysis
of the burials. However, a late date for the Conus sp. ring from Burial 59 (Wk-37681: 2760-2650
cal BP), and the very last possible dates established from the Trapezoidal prior model (Table 4;
2680 cal BP) indicate several interments may have occurred in the cemetery after the deposition
of Layer 2 in the Midden Zone (see also unmodelled probability distributions in Figure 5). Our
burial results also suggest that the cemetery may have been in use prior to midden build up, but
slow collagen turn over (inbuilt age) could have resulted in a separation of a few decades from
short-lived midden materials. Consequently, we feel that statistically constraining the burial dates
using information from the associated midden may be unrealistic. It should be noted that the
flatness of calibration curve at c. 2650-2450 cal BP isn't a major concern to this interpretation since
the cemetery age predates this.

Burial 3, possibly affected by terrestrial C4 protein, has a calibrated age range (2830-2570
cal BP) that extends into the post-Lapita midden period (Table 2 and Figure 5). C4 foods have §'3C
values that appear marine in origin; it is therefore possible that the per-cent marine correction we
have applied is too large. Interestingly Burial 3 is removed slightly from the main cemetery area



(Figure 2). Both Burial 3 and Burial 18 had been identified as having a C4 protein component to
their diets, but Burial 18 does not appear to have been affected (2920-2730 cal BP). It is possible
that since the Burial 18 8*Ccarbonate Versus 8*Ccoiiagen Values (Figure 3) fall closer to the marine
and Cs protein regression lines, the influence of C4 foods on the radiocarbon age is less. Our results
also indicate that two of the individuals previously identified as foreign (burials 10e and 18), and
almost certainly also Burial 3, are contemporary with the other burials, confirming continued
contact with external regions throughout the duration of cemetery use.

Calibrated ages for two burials (burials 3 and 57) fall at the extreme age range. Only Burial
57 had a low individual agreement index (A=43.2) in the Diet 2 model (Table 4, column 2), though
the overall agreement for the model as outlined above is acceptable (Amodet = 192.9). Although
Burial 3 was not identified as an outlier, concerns about the affect of C4 protein, as outlined above,
raise the possibility that this sample gives an unmodelled calibrated age range that is too young.
Removing both Burial 3 and Burial 57 from the model, however, resulted in only a small shift of
the start and end midpoint dates by around 10 years, to 2930-2860 cal BP and 2780-2720 cal BP
respectively. This minimal change is to be expected because of the large number of dates involved
in the analysis that force the model to an average value.

4. DISCUSSION

Orthodox chronologies place first Lapita settlement in the Reef/Santa Cruz Group, Vanuatu and
New Caledonia c. 3200—3000 cal BP (Bedford et al. 2006; Sand 2010). The results presented here
for Teouma suggest revision of this date to c. 3000 cal BP at the earliest for first colonization,
which is much closer to the age of first colonization of Fiji. The earliest secure date for Fiji is from
Matanamuani (Naigani Island) dating to c. 3010-2870 cal BP (Irwin et al. 2011; Nunn and Petchey
2013), while a slightly later date of 2850-2830 cal BP — refined by U/Th dates on coral abraders
from the site of Nukuleka - is accepted for Tonga (Burley 2012; Burley et al. 2012). Lastly,
Mulifanua in Samoa has a date of 2880-2750 cal BP (Petchey 2001; Reith and Hunt 2008). The
new human bone dates for Teouma (2940-2880 cal BP), combined with the diverse regional
affinities as indicated by isotopes (Bentley et al. 2007; Lees 2010) and material culture (Dickinson
et al. 2013; Reepmeyer et al. 2011) support a hypothesis that Vanuatu remained at the centre of a
region-wide interaction sphere for several generations after initial settlement.

Broadly, our dietary evaluation differs little from previous studies of Teouma diet which
describe a predominantly “local” population that consumed a diet based on a broad-spectrum
hunting and gathering subsistence with some agriculture, and with a preference for reef and inshore
marine foraging environments (higher trophic level reef fish) (Kinaston 2010:129-131; Kinaston
et al. 2014:13-14; Valentin et al. 2010b). There also seems to have been a small number of
“immigrants” who ate a more terrestrial diet early in life (Bentley et al. 2007). Valentin et al.
(2010a:1826) tentatively identified food proportions that suggested greater than 50% of the total
protein consumed came from terrestrial sources. Our results suggest a higher % of marine protein
was incorporated into the bone protein (between 51% and 79% [Burial 3 = 89%]), but because of
protein routing it is likely that the actual percentage of marine foods in the diet was less than this.
Our results have also highlighted that C4 foods were a part of the diet, albeit small, for the majority
of the individuals studied, though a higher amount of C4 protein intake is possible in rare cases.
This may cause some additional dating uncertainty and is a recognised problem when dealing with
Pacific island populations (Petchey and Green 2005). Ideally, the methodology we have used to
identify C4 foods requires further research using Pacific examples. Our results do not support a
subsistence that was reliant on pig, assuming the pigs ate only a small amount of marine foods,



because this would result in a more terrestrial 1*C calibration (cf., Diet 1) for most burials given
the pig isotopic values indicated in Figure 3, though a higher per-cent marine diet for pigs is
possible. This would have made the burial ages older than the associated midden (dated to c. 2960-
2660 cal BP), which is not consistent with the archaeological evidence

One shortfall of all dietary analyses at present is the inability to identify freshwater foods
(Hedges and Reynard, 2007:1244). Isotope values for animals that feed on freshwater organisms
are complex. Although they are typically depleted in $3C and enriched in °N values compared to
animals in dry-land terrestrial systems (Privat et al., 2007; Richards et al., 2001), this is not always
the case (Cook et al. 2001; Olsen et al. 2010) depending on local conditions. These distinctions are
further masked by the complexity of the Pacific isotopic range. The elevated 8*°N results for a few
individuals (Table 1) may be an indication of freshwater foods, though higher trophic level pelagic
fish are also a possibility. Current theories on local economy suggest that while reef fish are a
common feature in many archaeological sites in Vanuatu, pelagic or open-ocean species form only
a small proportion of the midden remains (see Bedford 2003, 2006). Similarly, although a small
stream ran adjacent to the northern edge of the Teouma site, no freshwater species have been
identified in faunal assemblages of Lapita age from Vanuatu (Valentin et al. 2010b:1826). Given
the limestone backdrop to the Teouma Bay, and Efate as a whole (Bedford et al. 2009:219), there
is the potential for hardwater effects that could make both shell and human bone dates appear older
than they really are. Given the concordance between the burial remains and the associated midden
deposits, we think that any such impact will, however, be relatively small.

5. CONCLUSIONS

Radiocarbon dating of 36 Lapita-age burials and 5 associated Conus sp. artefacts from Teouma,
Vanuatu, suggests the cemetery was in regular use by c. 2940-2880 cal BP and that initial use may
have been as early as 2970 cal BP. Moreover, the last burials were interred around 2770-2710 cal
BP, possibly ending as late as 2680 cal BP. This result is in agreement with radiocarbon dates
obtained from the associated Area 2 and 2B midden deposits at the site. Evidence of possible
earlier use of the cemetery is indicated by the unmodelled calibrated age for Burial 57 (3110-2930
cal BP), but this cannot be independently substantiated from other radiocarbon dates or context at
the present time, and it is possible that the older age reflects uncertainties with dietary *4C offsets,
slow collagen turnover, or statistical uncertainties. Similarly, the youngest burial dates may be the
result of additional dating uncertainties associated with attributing a per-cent marine contribution
to the bone protein via diet. This is almost certainly the case with Burial 3 where a diet that included
C4 protein resulted in a §**C value indicative of a higher per-cent marine diet than is actually the
case. Our results also indicate that individuals previously identified as foreign to Teouma (burials
3, 10e and 18) are contemporary with the other burials, demonstrating continued contact with
external regions throughout the duration of cemetery use. The results contribute to a revisionist
trend in the dating of the Lapita culture in Remote Oceania, which suggests an initial settlement
date for the region beginning around 3000 BP. A possible implication of such an age might be that
the Lapita sequence in the Bismarck Archipelago “homeland” did not in fact begin much before
then, or its pottery would be expected to show greater stylistic difference from that of sites such as
Teouma. A detailed reconsideration and re-dating of key Bismarck Lapita sites is now clearly
required to address this question.
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Figure 1. Map of Remote Oceania showing location of Vanuatu. Insert: The Teouma
archaeological site.
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Figure 3: Teouma bone collagen §*3C and 5'°N values overlain by Pacific island dietary values +1 SD corrected for a diet to tissue shift of +1%o for 5*3C from
protein sources and +5%o for 513C from plant food and +3.5%. for §'°N) shown as grey ellipses. All modern values are adjusted for the Suess effect and faunal
bone collagen §13C values are corrected for the difference between bone collagen and flesh by subtracting 3.7%. for fish bone and 1.5%. for other animal bone®.
Only bone isotope values that conform to the quality assurance protocols outlined in the text are given. The horizontal dashed line is the approximate division
in 51°N between terrestrial and marine diets (after Richards et al. 1998:1248).

0 Other researchers have found offsets between flesh and bone that are significantly less than this, (e.g., Fischer et al. 2007:2135, Table 3) but we have chosen to follow protocols outlined in Kinaston (2010) and Kinaston et al. (2013a).
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Figure 4: 8Ccarbonate plotted against §Ccollagen USing Kellner and Schoeninger’s (2007) three-
regression line model whereby each line corresponds to a protein source (Cs, C4 or marine) and an
individual’s placement between the endpoints of each protein line indicates energy source (Cs, Ca,
or mixed). Dark circles correspond to bone collagen values collected in this study relative to tooth
carbonate values (see Table 1) from Bentley et al. (2007:653, figure 4). Light grey circles (B3,
B10e and B18) are values from burials identified by Bentley et al. (2007) as foreigners on the basis
of &Sr/®Sr and 5'20.
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Figure 5: Calibrated radiocarbon ages for burials from the Teouma cemetery, Vanuatu using Diet
2 (8C terrestrial/marine endpoints of -21/-12%o) dietary corrections. The outline date
distributions show the unmodelled calibrated ages for each individual sample. The solid black
distributions show the calculated ranges when applying the Bayesian model outlined in the text
(quoted agreement indices [A] vary slightly by run). Vertical grey bars mark the start and end dates
for the model cemetery chronology. Dashed lines represent the very earliest and very latest dates
calculated using Trapezoidal priors following the methodology of Lee and Bronk Ramsey (2012).






Table 1: Quality assurance and stable isotope data for Teouma burials.

Isotope values from Valentin et al. Tooth
Isotope values from current study (2010b:1823, table 2) and ename
Kinaston (2010:414-415; Kinaston 1513C
etal. 2009 from
Gelati Bentle
Lab Buria | wt% | wt% C: ElsN gC 8%S n wt C: 8 8% yetal
oo™ %0 %0 . wt %C N C
number 1 No. N C N 1 1 ) Yield %N N o o (2007)
o Yoo %00
(%)
12.2 35.2 34 | 118 - -13.3
1 15.
0
17.3 50.5 34 | 129 - -13.2
2A 15.
6
9.5 24.1 29 | 10.6 - -10.4
Wk-21018 33 15.2 42.1 3.2 | 11.3 | -13.0 12.7 5.3 14.
1
9.6 24.4 3.0 | 13.4 - -12.8
Wk-21019 4 16.3 44.8 32 | 127 | -14.8 14.8 5.1 17.
0
14.1 40.3 33 | 115 - -12.2
Wk-21020 5A 16.0 441 3.2 | 119 | -147 12.4 4.2 14.
9
16.2 46.5 33 | 131 - -13.1
6 15.
5
12.2 341 33 | 121 -
7 14.
3
12.7 36.5 3.3 | 118 - -13.3
14.
5
Wk-21022 8 16.1 | 458+ | 33| 152 | -
4 4 14.9
4
6.6 16.4 29 | 121 -
9 14.
2
14.5 43.2 3.5 | 133 - -14.2
10A 16.
0
15.0 43.4 34 | 129 - -12.2
15.
10B !
153 45.34 34 | 149 -
4 4 4 15.4
4
15.0 43.1 34 | 123 - -12.4
14.
10C 6
14.8 42.64 34 | 150 -
4 4 4 14.4
4
14.1 42.7 3.5 | 12.7 - -12.2
Wk-21023 10E3 15.
6
10.5 31.3 3.5 | 11.0 -
11 14.
9
10.3 27.0 3.0 | 11.3 -
12 16.
8
14.9 40.1 31 | 121 -
13 16.
2




7.9 20.5 3.0 | 12.8 - -13.0
16.
7
Wk-21024 14 15.0 41.5 32 | 133 | -145 13.8 2.0 61 TRE 37138 -
4 4 4 16.4
4
14.7 43.2 34 | 125 - -10.9
153 15.
8
14.0 41.7 3.5 | 10.6 - -12.5
Wk-21025 16 15.4 428 | 33 | 119 | -153 14.3 2.3 16.
2
17.0 48.74 3.3 | 155 - -13.1
Wk-21026 17 16.3 449 | 3.2 | 127 | -147 15.0 2.4 & 4 4 13.
74
13.1 40.1 3.6 | 11.5 - -9.8
Wk-21027 183 13.5 37.7 | 33 | 128 | -14.4 14.4 3.0 15.
19
20
21
Wk-21028 22
23
Wk-22655 24
Wk-21029 25
27
29E
Wk-22656 29W
30
(baby
)
Wk-22657 30A
Wk-22658 30B
Wk-22659 30C




31

32
33
Wk-22660 | 34
35
36
37
Wk-22661 | 38
Wk-22662 | 40
Wk-26345 | 41
42
Wk-26344 | 43
Wk-22663 | 44
46
47
Wk-22664 | 48
49
Wk-25767 | 50
Wk-25768 | 51
52

Wk-26335




Wk-26336 53 15.6 43.4 33 | 12.2 -14.5 13.0 0.6
Wk-26337 54 15.2 42.6 33 | 128 -14.7 11.4 0.7
Wk-26338 55 15.5 43.2 33 | 117 -15.2 12.6 0.4
WKk-26339 56 15.6 43.0 32 | 124 -15.3 12.1 1.1
WKk-26340 57 15.8 43.0 3.2 | 120 -16.2 12.8 1.6
Wk-26341 58 15.7 42.6 3.2 | 119 -13.9 13.2 0.8
WKk-26342 59 15.8 43.0 3.2 | 133 -14.8 14.4 1.0
WKk-26343 60 15.7 439 33 | 125 -14.9 13.2 0.6
Wk-29081 63 15.0 429 3.3 | 123 -15.7 - 0.1
Wk-29083 65 15.3 43.9 3.3 | 10.6 -15.1 11.5 0.7
Footnotes:

1513C measured relative to VPDB with precision of £0.1%o. 3!°N measured relative to AIR and with precision of +0.2%eo.

2334S measured relative to IA-R061, IA-R042 and 1A-R027 (Iso-Analytical) or IAEA-S-1, IAEA-S-2 and NBS123 (Isoprime) with precision of
%0.3%o.

3Individuals identified as foreign by Bentley et al. 2007). Results highlighted in grey are those that failed the quality assurance (QA) and
yield tests.

4Tooth stable isotope values from Kinaston (2010);



Table 2: Conventional radiocarbon ages (CRA) and dietary values for human
remains from Teouma.

Dietary corrected (Diet 2 [-21/-12])
calibrations
% % 313C Unmodelled
Burial MarineC MarineC CRA (x0.2) Unmodelled Calibrated age Unmodelled
Sample ID No. -20/-10 -21/-12 (bp) IRMS Calibrated age range median
(Diet 1) (Diet 2) value range cal BP cal BP
(68.2% prob.) cal BP
(95.4% prob.)
Lapita burials
Wk- 2932
21018 3# 70 89 +35 -13.4 2830-2570 2920-2420 2700
Wk- 2969
21019 4 52 69 +35 -15.3 2870-2750 2960-2720 2820
Wk- 3021
21020 5A 53 70 +26 -15.2 2930-2780 3000-2740 2860
Wk- 3066
21022 8 61 79 +23 -14.1 2950-2800 3030-2750 2880
Wk- 2932
21023 10E# 50 66 +26 -15.7 2850-2740 2920-2710 2800
Wk- 2982
21024 14 56 73 +47 -15.2 2880-2740 2980-2700 2820
Wk- 2968
21025 16 52 63 +30 -15.5 2890-2760 2970-2740 2840
Wk- 3083
21026 17 53 70 +26 -15.1 3010-2850 3110-2780 2940
Wk- 2977
21027 18# 56 74 +23 -15.0 2920-2730 3050-2650 2820
TWk- 2931
21028 22 35 50 +35 -16.4 2920-2770 2970-2740 2850
Wk- 2929
22655 24 40 56 +2p -15.8 2860-2760 2940-2740 2820
Wk- 2958
21029 25 40 56 +38 -16.0 2920-2780 3000-2740 2850
Wk- 3036
22656 29W 39 54 +32 - 3030-2870 3140-2800 2960
Wk- 2983
22657 30A 45 61 +32 -15.3 2920-2780 2990-2740 2860
Wk- 3050
22658 30B 37 52 +49 -16.1 3070-2880 3170-2810 2990
Wk- 2995
22659 30C 43 59 +20 -15.4 2950-2810 3010-2760 2880
Wk- 2983
22660 34 36 51 +24 -16.2 2970-2830 3040-2770 2900
Wk- 3002
22661 38 40 56 +23 -15.8 2970-2830 3040-2770 2900
Wk- 3008
22662 40 39 55 +2p -15.8 2980-2840 3060-2780 2910
Wk- 2848
26345 41 39 55 +30 -15.7 2810-2710 2880-2670 2760
Wk- 2875
26344 43 48 64 +30 -14.9 2810-2700 2880-2610 2760
Wk- 2960
22663 44 41 57 +30 -15.9 2920-2770 2980-2740 2850
Wk- 2954
22664 48 60 77 +2p -14.1 2830-2730 2920-2680 2780




Wk- 3030

25767 50 49 66 L30 | 151 | 2960-2810 3040-2760 2890

Wk- 2995

25768 51 49 65 30 | 151 | 2920-2780 2990-2740 2860
2992

Wk- 52 42 58 30 | 157 | 2950-2810 3020-2750 2880

26335 -

Wk- 2958

26336 53 55 72 L30 | 144 | 2850-2740 2930-2700 2800

Wk- 2882

26337 54 53 70 30 | 146 | 2800-2690 2870-2540 2740

Wk- 2849

. 55 48 64 30 | 151 | 2790-2680 2850-2540 2730

Wk- 2908

26339 56 47 63 30 | 153 | 2840-2740 2920-2700 2790

Wk- 3078

26340 57 38 53 30 | 163 | 3110-2930 3170-2870 3020

Wk- 2931

26341 58 61 78 L34 | 141 | 2820-2710 2890-2620 2760

Wk- 2902

26342 59 56 69 30 | 147 | 2790-2680 2860-2540 2760

Wk- 2871

26343 60 51 68 30 | 146 | 2890-2760 2970-2740 2740

Wk- 2960

e 63 43 59 pi. - 2960-2810 3040-2750 2840

Wk- 3027

29083 65 49 66 ' 31 - 2960-2810 3040-2750 2890
Conus sp. shell rings

Wk- 3139

16831 4 ‘ w36 | 19 2940-2790 3030-2740 2870

Wk- 3162

15729 11 ‘ ‘ v3q | 30 2980-2820 3060-2750 2920

Wk- 3100

37680 17 23 3.1 2880-2750 2960-2730 2880

Wk- 3107

37682 58 23 3.8 2890-2760 2960-2730 2840

Wk- 2959

37681 59 122 2.7 2760-2650 2800-2510 2700

1Results highlighted in grey are those that failed the yield tests

Table 3: Associated burial/Conus sp. shell ring combine results.

Burial Lab number (bone/shell) Diet 1 (-20/-10) Diet 2 (-21/-12)

number

Burial 4 (Wk-21019/Wk-16831) 52%MarineC Acomb=119.3 | 69%MarineC Acomv=106.9

Burial 17 (Wk-21026/Wk-37680) 53%MarineC Acomb=32.3 70%MarineC Acomv=79.2

Burial 58 (Wk-26341/Wk-37682) 61%MarineC Acomb=116.9 | 78%MarineC Acomv=94.2

Burial 59 (Wk-26342/Wk-27681) 56%MarineC Acomb=54.6 69%MarineC Acomb=108.6




Table 4: OxCal Modelled calibrated ages for the Teouma cemetery assuming a single-phase

cemetery with Trapezoidal boundaries (results given at 68.2% prob.).

Diet 1
(lower %MarineC)

Diet 2

higher per-cent MarineC)

All burials Removing Burial 3 and Burial 57
Amodel 143.1 192.9 206.6
Outlier(s) Burial 57: A=46.2 Burial 57: A=43.2 -

B59 Conus sp. ring (Wk-
37681): A=33.0

Very earliest date

3060-2970 cal BP

2970-2890 cal BP

2960-2880 cal BP

Start (midpoint) 3020-2950 cal BP 2940-2880 cal BP 2930-2860 cal BP
Duration of start 0-90 years 0-80 years 0-70 years
End (midpoint) 2830-2760 cal BP 2770-2710 cal BP 2780-2720 cal BP

Very latest date

2800-2710 cal BP

2740-2680 cal BP

2750-2690 cal BP

Duration of end

0-120 years

0-90 years

0-90 years

Span of cemetery

180-280 years

150-240 years

140-220 years
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