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the islands of east polynesia were among the last places on earth to be settled 
by humans. to embark on such an undertaking, involving hundreds of islands 
separated by thousands of kilometres of ocean, would almost certainly have 
required a high degree of organisation, and many of the questions that have 
interested archaeologists working in the region revolve around how this feat 
was achieved (see allen and Kahn 2010, Kirch and Kahn 2007 for reviews 
of recent research). irwin (1990, 1992) has shown that a deliberate and 
coordinated strategy of exploration provides the most plausible explanation 
for the discovery of habitable islands, while other researchers have argued 
that some degree of post-colonisation interaction would have been needed to 
maintain viable settlements on ecologically-marginal islands (e.g., Di piazza 
and pearthree 2001; Weisler 1993, 1997a).

archaeologists have employed various lines of evidence to demonstrate 
this kind of mobility and interaction between communities. some types of 
evidence, such as stylistic similarities of artefacts and architecture, shared 
genetics, common languages and the remains of introduced plants and 
animals, can demonstrate initial contacts (or common origins) but they will 
not necessarily reflect on-going relationships. a less ambiguous and more 
direct method of demonstrating interaction has been to identify the presence 
of exotic objects made from compositionally distinctive materials. in other 
parts of the world, such materials have included obsidian (e.g., cann and 
renfrew 1964, hughes 1986), various metals (hosler and Macfarlane 1996, 
Knapp 2000), manufactured glasses (saitowitz and read 2001), ceramics 
(Kennett, anderson, cruz et al. 2004) and shell valuables (aswani and 
sheppard 2003, Kirch 1988: 108). however, with the exception of obsidian 
and volcanic glass, which is common only in new Zealand, rapa nui and 
hawai‘i (Mccoy, Mills, lundblad et al. 2011; sheppard, irwin, lin et al. 
2011; Ward 1972), these materials are absent or extremely rare in pre-
contact east polynesian assemblages (Weisler 1993: 19). for this reason, 
archaeologists working in polynesia have for the most part concentrated 
on identifying the geographical origins of adzes and other tools made from 
basalt, a commonly-occurring volcanic stone,  using X-ray fluorescence 
spectrometry (Xrf) and related techniques (parker and sheppard 1997, 
shackley 2010, Weisler and sinton 1997).
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GeocheMical Basalt analyses in polynesia

over the past three decades, geochemical analyses of basalt tools have been 
increasingly employed as the primary means of identifying interaction in 
polynesia. early provenancing studies were, however, somewhat limited by 
relatively small sets of reference data. for example, Best’s (1984) pioneering 
study of pacific adze geochemistry included only 35 reference specimens 
from across the region and some sources were represented by single samples. 
since then, concerted efforts have been made to systematically sample 
and analyse most of the major polynesian basalt sources (e.g., allen and 
Mcalister 2013; Best , sheppard, Green et al. 1992; Bollt 2008; hermann 
2011; johnson 2005, 2010; Kahn, Mills, lundblad et al. 2008; Kahn, sinton, 
Mills et al. 2013; Mcalister 2011; Mills, lundblad, smith et al. 2008, Mills, 
lundblad, field et al. 2010; Mills, lundblad, hon et al. 2011; Mintmier, 
Mills and lundblad 2012; sheppard, sand and parker 2001; sheppard, Walter 
and parker 1997; Walter and sheppard 2001; Weisler 1993, 1998; Weisler, 
conte and Kirch 2004; Weisler, Kirch and endicott 1994; Weisler, collins, 
feng et al. 2013; Winterhoff 2007), resulting in geochemical data for more 
than 2000 reference specimens. consequently, analysts are now in a better 
position to understand the characteristics of various sources, including the 
ranges of their internal variability.

provenancing studies have shown that most communities in polynesia did 
not develop in isolation but remained in contact with one another for several 
centuries after colonisation. Weisler (1997b, 1998, 2008), who has been at 
the forefront of this research, has identified a number of distribution patterns, 
which he suggests reflect interaction spheres of varying scales. two basalt 
sources in particular have very wide distributions (fig. 1). adzes from the 
tataga Matau Quarry on the samoan island of tutuila have been identified 
in several West polynesian assemblages, including the polynesian outlier 
of taumako in the solomon islands (Best et al. 1992), and were distributed 
eastwards to the cook islands (allen and johnson 1997, sheppard et al. 1997, 
Weisler 1993). similarly, tools sourced to eiao, an extensive “island-quarry” 
of fine-grained basalt in the north of the Marquesas archipelago (charleux, 
Mcalister, Mills  et al. in press; linton 1925; rolett 2001), have been found 
in several central east polynesia assemblages (collerson and Weisler 2007, 
hermann 2011, Weisler 1998) and even as far north as the line islands (Di 
piazza and pearthree 2001).

a notable feature of large-scale distributions is that they tend to involve 
the transfer of materials from large, high-quality sources to islands either 
possessing basalts of lower quality or altogether lacking adze-quality stone. 
Within island groups possessing extensive sources of high-quality basalt, 
distributions often are limited to intra-archipelago sources. for example, four 
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studies have geochemically analysed basalt tools from Marquesan sites (allen 
and Mcalister 2013; Mcalister 2011; rolett 1998; rolett, conte, pearthree et 
al. 1997) and all have found that the assemblages contained only Marquesan 
stone. additionally, basalt from eiao was identified in all of the assemblages 
that were examined. similarly, several studies of assemblages in the hawaiian 
islands, where high-quality fine-grained stone is widespread, have found that 
basalts from within the archipelago were widely distributed but, thus far, no 
examples of imported stone have been identified (see for example Kahn et 
al. 2008, 2013; Kirch, Mills, lundblad et al. 2012; Mills et al. 2010). 

figure 1. central polynesia, showing known distributions of basalt from tutuila, samoa 
(left) and eiao, Marquesas islands (right). inset: the southern cook islands.
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in contrast, island groups without large reserves of fine-grained tool-
quality basalt tend to have high proportions of imported stone from several 
sources. to date, collerson and Weisler’s (2007) analysis of adzes collected 
in the tuamotu islands, a group of mainly coral atolls completely lacking in 
basalt sources, has identified the greatest diversity of imported tools. from 
a relatively small sample of 19 specimens, they found adzes imported from 
several east polynesian sources. these included examples from sources in 
the society islands, rapa and rurutu in the australs, pitcairn, eiao in the 
Marquesas, and even one example from the hawaiian island of Kaho‘olawe 
over 4000 km to the north.

proVenancinG stuDies in the cooK islanDs

the cook islands, the focus of this communication, fall between the 
extremes represented by the tuamotu and Marquesas archipelagos. While 
there are several local sources of fine-grained basalt that were regularly 
worked into adzes and distributed within the group (see allen and johnson 
1997; sheppard et al. 1997: 87; Walter 1990, 1998; Weisler et al. 1994), no 
extensive quarries of high-quality basalt have been identified in the cook 
islands. sheppard and Walter (sheppard et al. 1997, Walter and sheppard 
2001) systematically surveyed the islands with aim of locating and sampling 
potential basalt sources for geochemical analysis and concluded that local 
basalt was primarily exploited from river cobbles and small localised dike 
exposures. additionally, they suggested that the comparatively low silica 
content, and propensity to weathering typical of cook island basalts, might 
result in poor flaking properties. it is perhaps for these reasons that cook 
island provenancing studies have identified materials imported from other 
island groups. stone from samoa has been found on most of the southern cook 
islands, including Mangaia (sheppard et al. 1997, Weisler 1993), rarotonga 
(sheppard et al. 1997, Walter and sheppard 1996), Ma‘uke (Best et al. 1992; 
Walter 1990, 1998), aitutaki (allen and johnson 1997), and possibly also 
on pukapuka in the northern cook islands (Best et al. 1992: 81). several of 
these studies also have identified a smaller number of adzes from the society 
islands that were tentatively sourced to ra‘iatea island (allen and johnson 
1997, sheppard et al. 1997, Walter 1990, Walter and sheppard 1996).

in addition to collecting reference specimens, sheppard et al. (1997: 86; 
see also Walter and sheppard 1996) sampled 40 adzes from the cook islands 
library and Museum society collections. in their analysis, the majority of these 
were found to be compatible with intra-archipelago sources on rarotonga, 
Ma‘uke, and aitutaki. they also identified imports from samoa and the society 
islands, and noted that a few adzes possessed chemical compositions that 
could not be readily associated with known sources. one specimen that was 
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considered both physically and geochemically distinct was an adze (identified 
as r68-1) with a reversed-triangular section (i.e., Duff type 3a) that, according 
to the Museum’s records, was collected on rarotonga (sheppard et al. 1997: 
appendix 6a). the authors suggested that the adze was probably exotic on the 
grounds that it possessed a particularly low niobium concentration and plotted 
away from the other specimens in their sample (sheppard et al. 1997: 101). 
additionally, a thin-section taken from this adze showed that the specimen was 
atypical of cook island adze-stone in that it contained biotite, the groundmass 
was extremely fine-grained and phenocrysts were very rare.

in the following section, we report on a re-analysis of this adze, drawing on 
reference data from recent studies, and suggest that eiao island in the Marquesas 
is its most likely origin. When sheppard, Walter and parker conducted their 
analysis, not much was known about the geochemical properties of Marquesan 
tool-stone in general, or that of eiao in particular. Best (1984: 403; see also 
Best et al. 1992) had analysed four Marquesan basalt samples from the 
Bernice p. Bishop Museum collections, including a flake from eiao (an42), 
for major oxides only. since then, a number of studies have provided a more 
comprehensive understanding of the characteristics and variability of eiao 
tool-stone. in 1997, sinton and sinoto published a quarry average for eiao 
based on major element analyses of 19 adzes collected on various Marquesan 
islands and attributed to eiao on the grounds of geochemical similarities (john 
sinton pers. comm., 23 january 2008). in addition, trace element concentrations 
were determined for three of the specimens. it was not until 1998, however, 
the year after sheppard, Walter and parker’s study, that the first securely-
provenanced geochemical source data for eiao were published. Weisler (1998: 
523) selected three flakes from an assemblage of “shop fragments” collected 
on eiao by robert suggs (1961) in the late 1950s and analysed them for both 
major and trace elements using Wavelength Dispersive X-ray fluorescence 
(WDXrf). collerson and Weisler (2007) subsequently re-analysed one of these 
flakes (832-1) for an extended range of elements and isotopes. More recently, 
Mcalister (2011) analysed a large sample of adzes from the Marquesas and 
reported WDXrf data for one additional sample collected on eiao and for 24 
adzes collected on nuku hiva and attributed to eiao. overall, these studies 
have found that both source samples from eiao, and artefacts assigned to the 
island, cluster closely together on plots and are geochemically distinct from all 
other known polynesian adze-stone sources. physical analyses of thin-sectioned 
specimens of eiao basalt also have noted that the material has a distinctive dark 
grey colour, an extremely fine-grained matrix and few phenocrysts (charleux 
et al. in press, Mcalister 2011, rolett et al. 1997).
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re-analysis of the r68-1 aDZe

While successive studies of many pacific basalt sources are resulting in 
increasingly detailed insights into the production and distribution of stone 
tools in the region (Kahn et al. 2013, Kirch et al. 2012, Winterhoff 2007), 
the large geochemical datasets generated by such studies have, at the same 
time, complicated provenancing methods. the earliest investigations found 
that bivariate scatterplots or ternary diagrams allowed good discrimination 
among the relatively small sets of reference data available at the time (see for 
example Best 1984, Best et al. 1992, Weisler 1993). however, as reference 
databases are updated to include current information, a number of sources 
are becoming more difficult to separate by such simple means. as figure 2 
illustrates, bivariate plots of the trace element ratios niobium/strontium against 
zirconium/strontium, which served well in earlier studies (allen and johnson 
1997, sheppard et al. 1997, Weisler 1993), now show considerable overlap 
among many island groups.

one response to this situation has been to employ multivariate techniques, 
such as principle components and Discriminant function analyses (following 
johnson 2005, Mcalister 2011). While these sorts of techniques are useful 
for complex datasets, they tend to be methodologically involved, and the 
results often are difficult to present in a clear and concise format (e.g., neff 
1995). another method of analysing large datasets that has been successful 
in geochemical provenancing studies is to use a recursive or nested approach, 
in which a complex problem is divided into a series of simpler steps by 
successively excluding the most dissimilar sources (see Baxter 1994, 
hancock, hancock and hancock 2008, Mcalister 2011, Weisler 1993: 143). 
restricting the axes of the scatterplot shown in figure 2 shows that reference 
samples from only three archipelagos—hawai‘i, the Marquesas and samoa—
cluster near the r68-1 adze (fig. 3). additionally, these samples derive from 
single sources within each of those archipelagos: the hawaiian samples are all 
from Kīlauea caldera on hawai‘i island, the Marquesan samples are all from 
eiao, while the single samoan specimen, which is compositionally similar 
to the r68-1 adze, is from Malaeloa, tutuila (Winterhoff 2007: appendix c, 
sample e). Despite the overlap in their element ratios, the three sources are 
easily separated when trace element concentrations are examined, and the 
adze repeatedly clusters closest to the eiao specimens, suggesting that this 
is the most probable source (fig. 4).

as Weisler and sinton (1997: 180) suggested, the most secure way to 
match an unknown sample to a source is to examine the concentrations of 
all measured elements (table 1). to quantify the similarity of artefacts to 
sources, collerson and Weisler (2007) have employed a ratio measure (a/s), 
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which consists of dividing artefact values by source compositions, where 
a value of 1.00 represents an exact match to a source average and higher 
or lower values show increasing dissimilarity (see table 1). comparing 
the r68-1 adze to the source averages for eiao and Kīlauea, and the single 
Malaeloa specimen, shows that eiao is a much closer match for all elements 
except nickel. Moreover, the large differences between the adze and the 
Kīlauea and Malaeloa data for major elements silicon, sodium, aluminium, 

figure 2.  Bivariate scatterplot of trace element ratios for polynesian basalt sources 
(1000 x nb/sr against 100 x Zr/sr). Data are collated from all the works 
cited in the text that include values for the three trace elements.
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calcium and potassium suggest that the adze is unlikely to be derived from 
the same volcanic events that produced these deposits. overall, our analysis 
indicates that the eiao source provides the closest match for the cook island 
adze r68-1. While it is never possible to determine the origin of an artefact 
with absolute confidence, on the basis of our current knowledge, the adze 
is unlikely to have derived from any other known polynesian basalt source. 

figure 3.  Bivariate scatterplot of polynesian basalt source data clustering close to 
the r68-1 adze (1000 x nb/sr against 100 x Zr/sr).
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figure 4.  Bivariate scatterplots of Zr against rb (top) and nb against sr (bottom) 
for source samples clustering near the r68-1 adze in figure 3. Markers are 
jittered slightly (± 0.25 ppm) to avoid overprinting.
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Discussion anD conclusion

as discussed above, previous studies have identified the importation of stone 
artefacts into the cook islands but, apart from small numbers of adzes from 
the society islands, extra-archipelago contacts seem to have been mainly 
with samoa to the west (see allen and johnson 1997, Walter and sheppard 
1996, Weisler 1993). in addition to samoan adzes, Walter and Dickinson 
(1989) have suggested a West polynesian, possibly tongan, source for 
two ceramic sherds recovered from a 14th century context on Ma‘uke. 
archaeological findings of connections with West polynesia are reflected 
in cook island oral traditions, which speak of direct contact with samoa 
(Gill 1880, nicholas 1892, stair 1895; see also allen 1996, Bellwood 1978, 
Walter and sheppard 1996).

although there has been no direct archaeological evidence until now, 
contact between the cook islands and Marquesas also is a recurring theme 
in polynesian traditions. there are several versions of a Marquesan legend 
concerning the voyage of aka, who travelled from the Marquesas to the cook 
islands to obtain red parrot feathers as gifts for his children (handy 1930: 
130, Kaiser and elbert 1989, terrell 1988), while the rarotongan traditions 
recorded by te ariki-tara-are during the 19th century recount several 
episodes in a protracted conflict between tangiia and his cousin tu-tapu, 
a chief from the Marquesas (te ariki-tara-are 1920; see also Walter and 
Moeka‘a 2000). in another rarotongan legend, two Marquesans, tangaroa 
and aumake, are reputed to have come to rarotonga and constructed a 
road around the island (Browne 1897). there are also traditions of cook 
islanders visiting the Marquesas; one recounts the voyage of rau Mataiapo 
and his son, from puaikura in rarotonga, who went to nuku hiva to deliver 
a shipment of red feathers as payment for “secret” tattoo designs that were 
obtained from a Marquesan chief, tui, the year before—presumably during 
a previous voyage (jonassen 1981: 27).

our identification of an adze from eiao provides the first physical 
evidence of the prehistoric links between the cook islands and the Marquesas 
that are indicated by oral traditions. this study also demonstrates the 
usefulness of re-examining results from previous studies in light of the more 
comprehensive reference data that has become available. More broadly, the 
Marquesas-cook islands relations evidenced here gives new insight into the 
potential scale of post-settlement interaction. although more evidence is 
needed to place these contacts in a temporal context, and to make inferences 
regarding their frequency, the current find opens tantalising possibilities for 
future research.
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aBstract

We report on the provenance of an adze from the cook islands that was previously 
geochemically analysed by sheppard, Walter and parker (1997) but could not be 
assigned a source at that time because of the paucity of reference data. Drawing on 
basalt characterisation studies from the last two decades, we can now demonstrate 
that the adze most likely derives from the Marquesan island of eiao, over 2500 km 
to the east. this find extends the western distribution of the eiao basalt source, which 
was previously limited to the society islands.

Keywords: archaeology, cook islands, interaction, stone tools, X-ray fluorescence




