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Obsidian and volcanic glass provided useful material for the manufacture of
cutting implements throughout the Pacific during the period before European
contact. Obsidian artefacts including flakes, cores and a variety of cutting
tools are commonly encountered in archaeological deposits situated in
both Near and Remote Oceania (e.g., Ambrose 1996; Kirch and Yen 1982;
Sheppard et al. 2011; Torrence, Kelloway and White 2013; Vargas, Cristino
and Izaurieta 2006). Advances in provenance methods since the early 1970s
have resulted in a proliferation of studies that utilise techniques such as X-ray
fluorescence (XRF) and instrumental neutron activation analysis (INAA) to
accurately characterise the chemical properties of obsidian and other lithic
materials (see Shackley 2005). Studies of obsidian characterisation in Oceania
(e.g., Bird et al. 1978; Reepmeyer and Clark 2010; Sand and Sheppard 2000;
Smith, Ward and Ambrose 1977; Specht 2002; Spriggs, Bird and Ambrose
2010; Torrence et al. 2013; Weisler 2012; Weisler and Clague 1998; White and
Harris 1997) and more specifically in New Zealand (e.g., Green 1962, 1964;
Green et al. 1967; Leach and Anderson 1978; McCoy et al. 2010; Mosley
and McCoy 2010; Sheppard et al. 2011) and on Rapa Nui (e.g., Beardsley,
Ayres and Goles 1991; Beardsley and Goles 1998, 2001; Bird 1988; Stevenson
et al. 2013) have been widespread. These studies have been fundamental in
providing insights into the dynamics of local and regional interaction spheres
in a variety of contexts throughout the region.

Rapa Nui contains four sources of obsidian in the southwestern portion of
the island (Fig. 1) that have been identified through intensive archaeological
survey (McCoy 1976; Stevenson, Shaw and Cristino 1984; Vargas et al. 2006).
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Figure 1. Obsidian source locations on Rapa Nui.

As the only large source of true obsidian outside of New Zealand in East
Polynesia, this material would have been both a novel and valuable resource
for the production of portable artefacts. Artefacts that were manufactured
using obsidian are common across the island, and the assignment of
geographical provenances using geochemical sourcing methods has provided
insights into the exploitation of these source locations and social dynamics
relating to access and exchange (e.g., Beardsley, Goles and Ayres 1996;
Cristino et al. 1999; Stevenson et al. 2013).

The obsidian artefacts encountered on Rapa Nui are the product of a core-
flake reduction technology (Stevenson et al. 1984) and include unretouched
flakes, scrapers, small adzes and mata ‘a (tanged obsidian tools). Mata ‘a are
reported to have “proliferated widely on Rapa Nui in late archaeological
and surface contexts” (Van Tilburg 1994: 109) although chronometric data
to substantiate this are lacking. Although typically described as spear points
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(e.g., Flenley and Bahn 2002: 152-53, Métraux 1940: 166-67), use-wear
analyses carried out during the 1990s identified wear patterns and edge
damage associated with the cutting of fibrous plants and wood, suggesting that
mata ‘a were more likely used for crop harvesting and/or light woodworking
(Church 1994, 1998; Church and Ellis 1996; Church and Rigney 1994).
More recent analyses have identified the remains of sweet potato (I[pomoea
batatas) on the cutting edges of these artefacts (Stevenson pers. comm. 2013),
further suggesting that they were involved in food preparation. This empirical
archacological evidence is supported by the early observation of Bouman, a
mariner onboard the first recorded European ship to visit the island in 1722
under the command of Jacob Roggeveen. Bouman observed that the Rapanui
“cut their bananas with a sharp little black stone” (von Saher 1990: 52), but
this observation may pertain to flakes rather than mata ‘a.

If mata‘a did have an agricultural function, they would have been an
important production tool for the chiefly economy, which was reliant on
dryland agricultural practices which developed throughout the Rapa Nui
cultural sequence (see Ladefoged et al. 2010, Stevenson 2002, Stevenson
and Haoa 2008). However, the fact that hundreds of mata ‘a were surface-
collected from ceremonial contexts, including 355 from the Vinapu area on the
southwest coast and 287 from the Ahu Akivi-Ahu Vai Teka inland ceremonial
complex (Mulloy 1961, Mulloy and Figueroa 1978) may suggest that they
were not solely agricultural tools.

In the present study, we analyse a total of 332 artefacts, including 302
complete mata ‘a and 30 broken mata ‘a, from the Ethnology Collections of
the Bishop Museum using pXRF (portable X-ray fluorescence) to assign
geological provenances. This builds on the recent research of Stevenson
etal. (2013), who used Discriminant Function Analysis (DFA) of laboratory-
based EDXRF (energy dispersive X-ray fluorescence) data to source 331
obsidian flakes from various archaeological contexts across the island in an
effort to explore regional exchange and use patterns. Stevenson et al. (2013)
assigned the artefacts to the four geological sources that were exploited
during Rapa Nui prehistory, and their findings suggested that quarries were
differentially represented in ceremonial versus domestic contexts. Here, we
apply a similar approach and utilise pXRF to non-destructively source the
complete and incomplete mata ‘a from the collections at the Bishop Museum.
Discriminant Function Analysis (DFA) and Support Vector Machines (SVM)
source attribution studies were carried out to explore obsidian procurement
activities and the results of these analyses are used to address the reasons for
differential obsidian source exploitation and how elite personnel may have
played a role in this process.
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BACKGROUND

Mata‘a in the Collections of Bishop Museum

In general, the mata‘a curated by the Bishop Museum are ethnographic
collections that lack specific provenance information. Along with a number of
other cultural objects from Rapa Nui, a total of 232 complete and incomplete
mata ‘a were purchased in 1920 from the private collector, J.L. Young. Young
was a merchant who lived in French Polynesia and often travelled to Rapa
Nui during the 1880s. Many of the mata ‘a from Young’s collection have
twine around the neck of the artefact, which suggests that they were likely
purchased from the CEDIP (Compania Explotadora de Isla de Pascua) store
on the island (historic photos of the company store show artefacts displayed
on the wall using twine). Bishop Museum anthropologist Kenneth P. Emory
collected 81 mata ‘a during a research expedition in 1929-1931, and these were
accessioned in 1931. The remaining 20 artefacts were gifts to the museum:
six mata ‘a from the Hawaiian National Museum in 1891, seven from J.L.
Young in 1902, two from the Societe d’Etudes Oceaniennes in 1928, another
two from ethnographer Alfred Métraux in 1936 and three from ethnobotanist
Douglas Yen in 1964. Those donated by Yen are the only artefacts for which
any provenance details are given. Yen indicated that these artefacts were
collected near an ahu (ceremonial platform) in the northeastern area of the
island. Aside from this very general description, there is no specific provenance
information for any of the mata ‘a in the Bishop Museum collections. The
argument made here is that despite limited provenance information, these
artefacts can be used to explore general features of obsidian procurement.

Mata‘a Classifications
Mata‘a exhibit a wide range of morphological variation. Numerous
classifications have been put forth, but they have generally been based on
an intuitive or ad hoc selection of attributes. Ethnographic accounts from the
late 19th and early 20th century (Routledge 1919, Thomson 1891) described
these tools as weapons, and Thomson and Routledge both attempted to
classify them based on overall shape. Thomson divided a collection of
mata ‘a, which he purchased in 1886 from A.A. Salmon, an entrepreneur
resident on Rapa Nui, into nine types and assigned each one a Rapanui name.
Similarly, Routledge (1919: 223) was given 14 different descriptive names
for mata ‘a by Rapanui informants, such as “tail of a fish”, “backbone of a
rat” and “leaf of a banana”. It is, however, not certain if these names were
used traditionally or relate to different functional types.

Since the early 20th century, a number of more formal classification schemes
have been presented for mata ‘a. During the early 1920s, H.D. Skinner classified
194 artefacts from the collections of the Bishop Museum (as cited in Métraux
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1940: 166-67). His classification was based on overall shape and consisted of
six types (Fig. 2). In 1951, Bérmida studied 500 specimens from a museum
collection in Chile and presented a classification consisting of four types, three
of which had two subdivisions. He concluded that particular edge morphologies
might have been employed for different woodworking functions. Bormida’s
(1951) classification and Skinner’s earlier one were built upon by Mulloy
(1961), who analysed 355 surface-collected mata ‘a from the Vinapu area during
the Norwegian Expedition to Rapa Nui in 1955-1956. A total of 219 of these
were placed into Skinner’s categories and “Type 2” specimens (distinguished
by having a straight cutting edge) were more prevalent than the other types,
with the most variation occurring in the blades of the artefacts, which were
“almost infinitely varied” (Mulloy 1961: 152). Heyerdahl (1961: 399) added
that “about two hundred additional surface specimens collected from most
other sections on the island evince the same general characteristics...” and
he thus concluded that Mulloy’s study reflected island-wide variation in the
morphology of these tools. In 1978, Mulloy and Figueroa expanded upon

Figure 2. Examples of mata ‘a from the Bishop Museum collections showing
Skinner’s classification (drawings by H. D. Skinner; reproduced from
Métraux 1940: 166, Fig. 3).
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Mulloy’s previous analysis and compared the mata ‘a assemblages from Vinapu
and Ahu Akivi. Most recently, Lipo, Hunt and Hundtoft’s (2010) stylistic
seriation of 447 artefacts from various areas of the island suggested localised
patterns in mata ‘a stylistic attributes. Overall, previous studies suggest that
there is a wide range of variation, and that there is potential for the identification
of some regional stylistic attributes in at least some areas of the island. In the
present study, however, a stylistic seriation analysis was not undertaken due
to a lack of geographic and temporal provenance for the artefacts under study:.

Rapa Nui Geology and Obsidian Sourcing Studies

Rapa Nui’s four major obsidian sources are all associated with the final
eruptive phase of the Rano Kau volcanic series (Vezzoli and Acocella 2009).
These include: (i) the Motu Iti source, consisting of a massive dyke of obsidian
located on the small (1.6 ha) offshore islet of Motu Iti, which is associated
with a dense accumulation of flaking debris; (ii) the Orito source, situated
on the vitrophyric dome of Maunga Orito, which contains expansive north
and south flanking exposures of blocky material ~10-30 cm in length, which
was extracted through open pit mining; (iii) the Rano Kau I source, located at
the perlitic dome of Te Manavai, consisting of a light surface distribution of
fragmentary obsidian on the northeast slopes of Rano Kau and (iv) the Rano
Kau II source, which consists of small obsidian shards contained within a 20
m thick breccia along the northern edge of the Rano Kau caldera (see Fig. 1;
see also McCoy 1976, Vezzoli and Acocella 2009: 874).

The material attributes of the Rapa Nui obsidian sources may have imposed
some constraints on the production of mata ‘a. The small and irregular shards
of the Rano Kau II source preclude the production of large flakes and we
would not expect any mata ‘a to be made from this glass. Larger cobbles or
fragments of obsidian are present at the Rano Kau I source, but they frequently
contain perlite inclusions which likely made the material difficult to work
(McCoy 1976: 329) and may have been visually undesirable. The Motu Iti
source has a very suitable material for the production of large flakes, but
with the practical drawback that it is located offshore. The Orito source
contains large, easily acquired blocks of obsidian that are tabular in shape
and are well-suited for the creation of large flakes from which mata ‘a could
be fashioned. We therefore predict that most of the mata ‘a in the collections
of Bishop Museum will be from the Orito source with significantly fewer
mata ‘a from Motu Iti and Rano Kau II.

Previous sourcing studies have had variable success in distinguishing
between the four sources of obsidian on Rapa Nui. In 1974, Baker, Buckley
and Holland utilised major, minor and trace element analysis on single
samples to geochemically characterise the Orito, Motu Iti and Rano Kau I
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sources. Their analysis showed that the sources were broadly similar, and they
were unable to distinguish among any of the sources completely. Bird (1988)
performed a composition analysis using the PIXE/PIGME technique and,
based on an analysis of 13 elements, found that the Te Manavai (Rano Kau I)
source’s geochemistry overlapped with the Orito and Rano Kau II sources.

In 1996, Beardsley ef al. analysed 39 flakes from archaeological contexts
and carried out a trace element analysis; they concluded that 82 percent
of the samples (n = 32) came from the Orito source and 18 percent of the
samples (n = 7) likely came from the Motu Iti source. They also assessed
five obsidian samples from a site on the crater rim of Rano Kau (Site 1-193)
and all five were assigned to the Orito source. As with Bird’s previous study,
their analysis could not distinguish between the Orito, Rano Kau I and Rano
Kau II sources. Shortly thereafter, Cristino et al. (1999) utilised INAA and
EDXREF to analyse 567 samples of source material in carrying out an extensive
elemental characterisation of the four obsidian sources. Using DFA, which
included 23 elements determined by INA A and seven major and minor oxides
determined using EDXRF, they assessed 120 samples from Rano Kau 11
(identified simply as Rano Kau by Cristino et al.), 118 samples from Rano
Kau I (identified as Te Manavai), 118 samples from Motu Iti and 211 samples
from Orito. Their analysis was unable to fully partition the sources, with the
Orito and Rano Kau I sources showing considerable overlap.

In 2007, Thomas, Neff and Lipo carried out an analysis of mata ‘a from nine
parcels in the interior Te Miro O‘one and Te Kahurea areas of the island and
also analysed source material using TOF-LA-ICP-MS (Time of Flight-Laser
Ablation-Inductively Coupled Plasma-Mass Spectrometry). They used DFA
to separate out the Rano Kau I (Te Manavai) and Orito sources and concluded
that the vast majority of the mata ‘a under study came from the Orito source
and a small number came from Motu Iti.

Most recently, Stevenson et al. (2013) processed 331 obsidian flakes
from nine archaeological deposits and utilised a reference collection of 126
source material samples to assign provenance to the artefacts. They carried
out a DFA of EDXRF data on seven elements and were able to accurately
classify 89.6 percent of the 126 samples of source material analysed. They
then compared archaeological samples to the geological sample distribution
and showed that the sources were differentially represented in domestic versus
ritual contexts (domestic: 47 percent Orito, 45 percent Rano Kau I, 2 percent
Motu Iti, 5 percent Rano Kau II; ritual: 70 percent Orito, 16 percent Rano
Kau I, 14 percent Motu Iti, 0 percent Rano Kau II). They also showed that
the Rano Kau II source was rarely used. Here, we build on these previous
sourcing analyses and use two methods (DFA and SVM) to assign geographic
provenance to mata ‘a from the collections of Bishop Museum.
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METHODS

The 332 mata ‘a, as well as a reference collection of 115 geological samples
(Table 1), were analysed using a Bruker Tracer III SD pXRF instrument;
the same reference collection was utilised by Stevenson et al. (2013). In
the present study, these reference samples were re-analysed using the same
pXRF instrument that was used to analyse the mata ‘a. Of the 115 geological
samples, 31 came from the Maunga Orito source. Samples from the Orito
pit mines on the northwest flanks were collected by Stevenson (Stevenson
et al. 1984) and samples from across the site were collected by Beardsley
during the course of a systematic survey of the entire dome (Beardsley and
Goles 2001). Twenty-nine geologic samples came from the Rano Kau I and
Rano Kau II sources. The former were collected by Stevenson from the Te
Manavai exposure and the latter came from a road-cut adjacent to the road
leading to the summit of Rano Kau. From Motu Iti, Stevenson collected 20
geologic surface samples and also obtained samples from an underwater
area of cultural debris. Six additional geologic samples from Motu Iti were
provided by Sonia Haoa.

All samples were processed in the Bishop Museum’s Conservation
Laboratory. Samples were placed on the instrument with a base covering
mylar film and were exposed to 200 seconds of live counting time. Values
for iron (Fe), gallium (Ga), manganese (Mn), niobium (Nb), rubidium
(Rb), strontium (Sr), thorium (Th), yttrium (Y), zinc (Zn) and zirconium
(Zr) were calculated as parts-per-million (ppm) concentrations using the
S1CalProcess software provided with the Bruker instrument. The instrument
was calibrated for analysing obsidian by the manufacturer before it was
loaned to Bishop Museum and a supplied reference sample was run daily to
check for analytical stability.

The resulting dataset was analysed using two techniques: Discriminant
Function Analysis (DFA) and Support Vector Machines (SVM) classification.
Discriminant Function Analysis is commonly used in archaeological studies
(e.g., Sheppard ef al. 2011) but SVM classification is a recently-developed
technique (see Cortes and Vapnik 1995). The method is conceptually
similar to DFA, in that it assigns unknown specimens to groups based on
a reference set. However, it operates on non-parametric principles; instead
of maximising the distance between group means, as is the case with DFA,
this method maximises the distance between group boundaries, potentially
making it less sensitive to departures from the assumptions of parametric
techniques, such as normal group distributions and equality of group
variance. Employing two methodologically different techniques provides
a useful means of ensuring robust results.
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RESULTS

Discriminant Function Analysis

A DFA was carried out using the IBM SPSS statistics program (Version 20).
Various combinations of elements were examined using standardised and log-
transformed data, most of which gave similar results. It was found that using the
same seven (untransformed) elements as in Stevenson et al.’s (2013) previous
study (i.e., Mn, Fe, Zn, Rb, Sr, Y and Zr) produced results with the fewest
misclassifications among the geological sample material. This DFA analysis
placed the four sources into separate clusters, two of which overlapped slightly

Table 2. Predicted group assignments for obsidian source samples and artefacts as
determined by Discriminant Function Analysis (DFA). The upper table
shows the original results and the lower shows the results of Leave Out
One Cross Validation (LOOCYV).

Original Predicted Group

Actual Rano Kau II Motu Iti Orito Rano Kau I Correctly
Group Classified
Rano Kau II 29 1.000
Motu Iti 26 1.000
Orito 27 4 0.871
Rano Kau I 2 27 0.931
Artefacts 7 316 9

Overall Correct Classification Rate 0.948
Original Predicted Group

Actual Rano Kau IT Motu Iti Orito Rano Kau I Correctly
Group Classified
Rano Kau II 29 1.000
Motu Iti 26 1.000
Orito 26 5 0.839
Rano Kau I 4 25 0.862
Overall Correct Classification Rate 0.922
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(Fig. 3). Overall, 94.8 percent of the source material samples were accurately
classified, a figure which dropped slightly to 92.2 percent under Leave Out
One Cross Validation (LOOCV) (Table 2). All misclassifications involved
specimens from the Orito and Rano Kau I sources. The resulting discriminant
functions were used to provide a geological provenance to the mata ‘a (n = 332).
The vast majority of the artefacts (95.2 percent) were assigned to the Orito
source (n =317). Nine artefacts (2.7 percent) were assigned to the Rano Kau
I (Te Manavai) source and seven (2.1 percent) to the Motu Iti source (see
Appendix). No mata ‘a were assigned to the Rano Kau II source.

Table 3. Predicted group assignments for obsidian source samples and artefacts as
determined by Support Vector Machines (SVM) classification. The upper
table shows the original results and the lower shows the results of Leave
Out One Cross Validation (LOOCV).

Predicted Group
Actual Rano Kau II Motu Iti Orito Rano Kau I Correctly
Group Classified
Rano Kau II 29 1.000
Motu Iti 26 1.000
Orito 26 5 0.839
Rano Kau I 2 27 0.931
Artefacts 8 319 5 n/a
Overall Correct Classification Rate 0.948
LOOCV Predicted Group
Actual Rano Kau IT Motu Iti Orito Rano Kau I Correctly
Group Classified
Rano Kau II 29 1.000
Motu Iti 26 1.000
Orito 25 6 0.806
Rano Kau I 2 27 0.931
Overall Correct Classification Rate 0.930
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Figure 3. Plot of the first two Discriminant Functions of mata ‘a (n = 332) from the

Bishop Museum collections and reference samples (n = 115). The upper
plot shows the separation of the reference samples. The lower plot shows
the assignment of mata ‘a. Dashed lines indicate the Discriminant Function
group boundaries. Sample C8353 (labelled) was assigned to the Orito
source by the DFA and to the Motu Iti source by the SVM classification.
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Support Vector Machine (SVM) Classification
The SVM analysis was carried out using the ksvm implementation in the
Kernlab package for R (Karatzoglou, Smola and Hornik 2013: 54-61). The
vanilladot kernel was selected to produce a linear classification function and
all other settings were left at their default values. An initial assessment of the
reference data suggested that different combinations of elements would be
required to separate the four sources. Accordingly, a nested approach was used
for the analysis; first, a pair of mid-Z element ratios (St/Y against Nb/Y) was
used to discriminate the two most distinct sources, Motu Iti and Rano Kau II
(Fig. 4). This combination produced a clear separation for these sources but
resulted in considerable overlap among the Orito and Rano Kau I samples.
For the second stage of the analysis, all paired combinations of elements
and element ratios were examined and the pair that best visually separated
Orito from Rano Kau I (Y against Zn) was used to generate an SVM
classification function (Fig. 5). This resulted in seven misclassifications for
the reference samples; five samples from the Orito source were assigned to
Rano Kau I, while two Rano Kau I samples were assigned to Orito. Overall,
93.9 percent of the geological reference samples were classified correctly
using SVM and 93.0 percent under LOOCV (Table 3), a result almost
identical to the DFA. The SVM classification functions were then applied to
the artefacts. Eight were assigned to the Motu Iti source and the remainder
(n=324) were assigned to either the Orito or Rano Kau I sources (Fig. 4).
No artefacts were assigned to the Rano Kau II source. For the second stage
of the SVM classification, five artefacts were assigned to Rano Kau I, and
the remaining 319 to Orito (Fig. 5).

Comparison of Results

Overall, both methods gave very similar results; the Motu Iti and Rano Kau
II sources each possess distinct chemical compositions and were completely
separated using either method. The same seven mata ‘a (2.4 percent) were
assigned to the Motu Iti source by both methods, but the SVM assigned
one additional artefact (Accession Number C8353) to Motu Iti, which was
assigned to Orito in the DFA. The scatterplot of the DFA classification
shows that this specimen plots close to the junctions of three DFA grouping
boundaries (Orito, Rano Kau II and Motu Iti) and appears to be more closely
associated with the cluster of artefacts assigned to the Motu Iti source than to
the Orito artefact cluster (Fig. 3). This artefact (Accession Number C8353)
also plotted close to group boundaries when log-transformed data were used
in a DFA. In contrast, the SVM analysis shows the specimen to be clearly
associated with the Motu Iti reference samples and artefacts assigned to that
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separation of the Orito and Rano Kau I sources. The Motu Iti and Rano
Kau II source materials and associated artefacts are omitted for clarity.
The upper plot shows the separation of the reference samples. The lower

plot shows the assignment of mata ‘a. The dashed line indicates the
Discriminant Function group boundary.
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source (Fig. 6). On balance, these results suggest that the artefact is more
likely derived from the Motu Iti source. It is noteworthy that Sample C8353
has the lowest values for Zr (523 ppm) and Nb (86 ppm) of all of the artefacts,
so it may represent the extreme range of the Motu Iti source.

The other two sources, Rano Kau I and Orito, could not be completely
separated using either method. Six reference samples were misclassified
by DFA and seven by the SVM analysis. Our results concur with previous
analyses (e.g., Stevenson et al. 2013) and indicate that the Rano Kau I and
Orito sources are too similar to be completely separated by geochemical
means alone. However, with the exception of two specimens (B3481c and
B3481bbbb), which appear to be clearly associated with the Rano Kau I
source, the remainder of these artefacts form a single homogenous cluster
that is more closely associated with the Orito reference samples than
those from Rano Kau I. The virtually identical results obtained using two
methodologically different (i.e., parametric and non-parametric) techniques
(see Figs 5 and 6) suggests that Orito is the most likely source for this cluster.

Comparison of Mata‘a Metric Data by Obsidian Source

Upon completion of the source discrimination, we measured mata ‘a length,
width and calculated length/width ratio metrics. The primary aim was to
determine if material source might have limited or constrained mata ‘a shape
or dimensions. Consequently, if significant metric differences exist between
mata ‘a items sourced to various quarry locales, future hypotheses linking
tool function, raw material quality and ultimately resource extraction and
procurement may be addressed. However, these results should be viewed
with some caution due to the small sample size for mata ‘a from sources
outside Orito.

In carrying out this analysis, the maximum length and width of each mata ‘a
was measured and each artefact was weighed. Length was measured from the
base of the stem to the top of the tool, and maximum width measurements
were taken perpendicular to the stem. Incomplete mata ‘a were not included
in the analysis. A total of 302 mata ‘a were measured. This included 288 that
were assigned to the Orito source by both DFA and SVM, seven assigned to
the Motu Iti source by DFA and SVM and seven that were assigned to the
Rano Kau source by DFA.

Comparison of the width for mata‘a from the three obsidian sources
suggests that the mean width of mata ‘a from each source group is similar
(Table 4, Fig. 7). Although samples sizes for the Rano Kau source (n=7)
and the Motu Iti source (n = 7) are relatively small when compared to Orito
(n=288), a Kruskal-Wallis non-parametric comparison of mean width
returned a value of X2=2.168 (sig. = 0.338) which indicates that the mean
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Table 4. Descriptive statistics for width for mata ‘a from Orito, Motu Iti and Rano

Kau I.
Source N Min Max Mean S.D
Orito 288 29.5 169.2 85.84 24.39
Motu Iti 7 63.2 122.8 92.71 23.86
Rano Kau I 7 54.0 126.5 98.17 28.36

Table 5. Descriptive statistics for length for mata ‘a from Orito, Motu Iti and Rano

Kau I.
Source N Min Max Mean S.D
Orito 288 43.8 202.4 94.52 22.66
Motu Iti 7 90.1 151.8 113.27 21.68
Rano Kau I 7 14.5 308.8 118.29 97.33

Table 6. Descriptive statistics for length/ratio for mata ‘a from Orito, Motu Iti and

Rano Kau I.
Source N Min Max Mean S.D
Orito 288 0.47 2.72 1.15 0.3012
Motu Iti 7 0.96 1.58 1.26 0.2386
Rano Kau I 7 0.27 2.5 1.11 0.7486

width differences between sources is not statistically significant at a 90
percent confidence level.

Mata ‘a length was also compared between the obsidian source groups
(Table 5, Fig. 8). The Kruskal-Wallis non-parametric comparison of
group means indicates that mata ‘a made from different source material
are significantly different in mean length at a 90 percent confidence level
(X2=5.1773, sig. = 0.075). To determine if there were significant differences
between the three quarry groups, we ran a set of Mann-Whitney U t-tests
comparing the groups pairwise. The results indicate that the only difference
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Figure 7. Box-plots of mata ‘a width values by obsidian source: 1.00 = Orito,
2.00 = Motu Iti and 3.00 = Rano Kau I.
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Figure 8. Box-plots of mata ‘a length values by obsidian source: 1.00 = Orito,
2.00 = Motu Iti and 3.00 = Rano Kau I.
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between mata ‘a mean length is found when comparing Orito mata ‘a to the
Motu Iti samples (z=-2.26, sig. = 0.02). Inspection of the group mean values
and the sign of the z score indicate that the Orito source was associated with
smaller mean length mata ‘a in comparison to mata ‘a from the Motu Iti source.
Additional Mann-Whitney U t-tests did not identify any differences between
Orito and Rano Kau assemblages (z=-0.130, sig. = 0.0897) or Motu Iti and
Rano Kau assemblages (z =-0.575, sig. = 0.620).

The length/width ratio of mata ‘a from the three different sources was also
compared using the Kruskal-Wallis non-parametric test (Fig. 9). The results
demonstrate that mata ‘a from different sources are not significantly different
in mean length/width ratios (X?= 2.120, sig. = 0.346). Descriptive statistics
for the length/width ratios for three quarry sources are presented in Table 6.

Overall, the mean dimensions of artefacts from all three identified sources
were similar. The only significant difference identified was that of mata ‘a
from Orito, which were on average 21 mm shorter than those from the other
sources. This may be due to differences in raw material form or, given the
non-significant differences in width, more intense resharpening of mata ‘a
from Orito. However, the dimensional ranges of mata ‘a from all three sources
overlap, suggesting functional similarities across all sources. Additionally, we
note more variability in the lengths of the artefacts sourced to Rano Kau I (see
Table 5), which might reflect difficulties in flaking due to perlite inclusions.

3.00-]

232
*

272
*
250

221
bt
o

2,00+ 36
2538

157
1.507 '
1.00-

0.50-

leng_wid

0.007]

T T T
1.00 200 3.00
source

Figure 9. Box-plots of mata ‘a length/width values by obsidian source: 1.00 = Orito,
2.00 = Motu Iti and 3.00 = Rano Kau I.
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DISCUSSION

With the exception of very recent analyses (e.g., Stevenson et al. 2013),
most previous provenance studies on Rapa Nui have relied on destructive
methods of analysis. As shown by this study, which employed two separate
analytical methods, the use of non-destructive pXRF analysis results in
source discrimination with levels of accuracy similar to those obtained using
destructive techniques. Museum collections, like the one examined herein,
sometimes lack well controlled artefact provenances when compared with
assemblages from excavated contexts. However, because museum collections
are often from a variety of contexts, they might provide a useful space and time-
averaged overview of “typical” resource exploitation for a region. This can
provide a baseline for comparing to individual site assemblages, associations
which may have had different functions (i.e., domestic vs. ritual) or status.

Another advantage of the present study was analysis of complete tools as
opposed to flakes. This may provide better quantitative insights into obsidian
tool production, because several dozen flakes could potentially represent the
manufacturing process involved in making a single tool. Therefore, even
though this collection is not from secure archaeological contexts, it does
provide general insights into resource exploitation on Rapa Nui.

Both of the sourcing methods used here indicate that a very low proportion
of artefacts were manufactured using obsidian from the Motu Iti (n = 7) and
Rano Kau I (n = 7) sources, and no artefacts in our sample were fashioned
using obsidian from the Rano Kau II source. The absence of obsidian from
Rano Kau Il in this study (which contains artefacts that may represent variable
time periods and/or geographical areas) suggests that this source was never
intensively exploited. We suggest that this past use pattern may stem from
the fact that the Orito and Motu Iti obsidians are of a better quality than the
Rano Kau II material, which has unfavourable fracture properties (Baker
etal. 1974, McCoy 1976, Thomas et al. 2007).

The results of the present analysis also are in general agreement with the
findings of Stevenson et al. (2013) in relation to the extraction of obsidian
from the Motu Iti source, especially in the case of the assemblages they
analysed from inland habitation contexts. In those contexts, Stevenson et al.’s
study suggested that only two percent of flakes were sourced to Motu Iti
(versus coastal ritual contexts, where 14 percent of flakes are from the Motu
Iti source). Both of the analytical methods employed in the present study
suggest that approximately two percent of the Museum’s collections were
made using obsidian from the Motu Iti source.

With respect to the Rano Kau I source, the number of mata ‘a made from
this material constitute two to three percent of the Museum assemblage (in
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six out of ten cases, the DFA and SVM were not in agreement in assigning
tools to either the Rano Kau I or Orito sources). This is considerably lower
than the 45 percent reported by Stevenson et al. (2013) for the occurrence
of Rano Kau I obsidian in their flake assemblage. This may suggest that the
material size, or quality, of this obsidian was not desirable for the production
of mata ‘a, or that some of the tools in the present study that were assigned to
the Orito source could have come from a portion of the Rano Kau I source
that overlaps considerably with Orito. However, the high proportion of Rano
Kau I obsidian identified by Stevenson et al. might also indicate that this
material was commonly used for informal flake tools.

The vast majority of the mata ‘a analysed in this study were quarried
from Orito, the largest source on Rapa Nui, suggesting that the ancient
Rapanui may have chosen geographical ease of access and abundance of raw
materials, as well as performance characteristics of the raw material, when
manufacturing these tools. The very low proportion of artefacts manufactured
using the less accessible offshore Motu Iti source, coupled with the possibility
that more controlled distribution may have been enforced by elites, as has
been suggested by Stevenson et al. (2013:119), may indicate that Orito
became the preferred option. However, an elite presence in the immediate
vicinity of Orito in the form of a chiefly dwelling (hare paenga), as noted
by Stevenson et al. (2013), raises the possibility that access to the quarry
may also have been controlled. Instead of restriction, as appears to have been
the case for Motu Iti, chiefly control at Orito may instead have involved
encouraging access to this source of high-quality obsidian as a means of
building and maintaining prestige. Indeed, the ubiquity of mata ‘a on Rapa
Nui raises the question as to whether or not they were used exclusively in
subsistence activities. The possibility of elite intervention in their production
hints at an ideological component for this object which is reinforced by the
prolific occurrence of these items at ceremonial centres.

* ok ok

In the current study, a Discriminant Function Analysis and Support Vector
Machines classification produced almost identical results. However, neither
method could completely separate the Orito and Rano Kau I sources. In
this respect, our analyses agree with previous research, suggesting that the
compositions of the sources are too similar to allow complete separation
using the suite of major and trace elements commonly quantified with XRF
instruments. While it is likely that more precise analytical techniques, such
as radiogenic isotope analysis (Woodhead and Weisler 1997), could provide
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better source discrimination, these methods tend to be at least partially
destructive, which might preclude their use on artefacts, especially those
from museum collections.

Overall, each of the methods outlined here appears to be effective in
assigning geographical provenances to source materials and artefacts, as
indicated by the fact that each method correctly assigned geologic sample
materials to source over 90 percent of the time. Even when we take into
account the small amount of overlap between the Orito and Rano Kau I
sources, the results of both analyses suggest the ancient Rapanui preferentially
accessed the Orito source in manufacturing these tools. These findings are
in line with previous studies of both mata‘a tools (Thomas et al. 2007)
and simple obsidian flakes (Stevenson et al. 2013). The discovery that the
overwhelming majority of these island mata‘a were manufactured at the
Orito quarry adds another indication of possible chiefly involvement in
the activities at the quarry, as initially identified on the basis of residential
architecture. Future sourcing studies on securely-provenanced mata ‘a may
lend further insights into lithic extraction and exchange patterns across the
island and the elite management entailed therein.
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APPENDIX

The following table shows pXRF data and source determinations for mata ‘a in the
Bishop Museum collections by Support Vector Machines (SVM) classification and
Discriminant Function Analysis (DFA).
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ABSTRACT

On Rapa Nui (Easter Island), four geological sources of rhyolitic obsidian were
utilised to manufacture obsidian artefacts, including tanged implements known as
mata ‘a. In the present study, a total of 332 mata ‘a from the collections of Bishop
Museum were analysed using portable X-ray fluorescence (pXRF). Two analytical
methods, Discriminant Function Analysis and Support Vector Machines Classification,
were used to assign geographical provenance to these artefacts. These appear to be
manufactured using obsidians predominantly from Orito, one of four geological
sources on the island. This study demonstrates how non-destructive analyses of
museum collections can contribute to our understanding of obsidian procurement
and production on Rapa Nui.

Keywords: obsidian, museum collections, geochemical sourcing, portable X-ray
flourescence, Rapa Nui, Easter Island
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