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Asaro 1969)o HATH1970FAFT & v o 7oy YR VRS 2 & ZHE SR D FEHL R 2 D 720 123 A
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CRHEEPRCZT  INVERL R U TVDOGARIZORY o2, BAELRBRLE V- T2k
NOoDOH5HLDEMPTEI, %Yy 7V L. e ROMIX S 41, LB
SR L ) AR Y ERFEEDAL, UREOHSRPHEM A BRI TE 57259,

C B BB OGN TR Lo T TE L L) iERERE TV L, D
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PO10 101 A3 25 Group02
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P013 A6 12 Group02
P014 113 Group02
P015 A-8 Group02
PO16 No 91, trench 10, layer 6 Single
P017 trench 1 surface Single
P018 trench 1 surface Single
P019 A-4 Single
P020 A-8 (under A8 bones) Single
P021 D-I-4 Group03
P022 A-4, No 1 Group02
P023 DIIB Single
P024 A-11 Group02
P025 A-10 Group02
P026 D-II Single
P027 D-I-A Group03
BEEREE AKX P028 F-10 %52/, Figl4-13 Single
(85) 4B P029 N Single
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HIR005 Hirota 114b7 Group02
HIR006  Hirota 114b115-1 Single
HIR007  8.27 A3 Pottery No20 Group05
HIR0O08 C171 Hirota A-11 Single
HIR009 C197 D-1-3 Single
FIXRAE
B/EER R TOR001 105 %E No35b Group04
TOR002 105% No36 Single
TOR003 105 % No35a Group04
TOR004 55% No33 Single
SE2REFHE TOR005 7THEE NO23 Single
= TOR006 145 E No29 Single




Neutron Activation Analysis of the ceramic sherds from the Hirota site

Johannes H. Sterba
Presentation and explanation of the work done, including statistical analysis and grouping.

Introduction

Neutron Activation Analysis (NAA) as a tool for the chemical investigation of archaeological
artefacts has been introduced in the late 1960ies (Perlman and Asaro 1969) and has been applied
since then to a variety of materials with continuous success for establishing the provenance. NAA
has been proven as an ideal tool for provenancing investigations due to the small sample volume
necessary (usually less than 150 mg), the large number of geochemically significant major-, minor
and trace-elements measurable and the high precision and reproducibility of the measurements.
Detection limits, especially for trace elements, are often less than 1 ug/g, resulting in an extensive,
so-called, chemical fingerprint of the objects under examination.

At the Atominstitut in Vienna, Austria, NAA has been performed for more than two decades on
various objects of geological and archaeological origin. (Polinger-Foster et al. 2009; Bichler 1992;
Bichler et al. 1997, 2006; Bichler, Huber, and Warren 2007; Steinhauser, Sterba, and Bichler 2007,
Sterba et al. 2009; Steinhauser et al. 2010; Sterba, Munnik, and Pearce 2011) In the case of objects
with unaltered geological origin, like obsidian or pumice, simple comparison of the chemical
fingerprint measured to that of the suspected source leads to a clear provenance. For ceramics, the
original chemical fingerprint of the clay bed used was usually intentionally altered by the ancient
potters to better suit the intended use of the ceramic by levigation and/or tempering. Furthermore,
the firing process can change the chemical composition due to the volatility of some elements.
Thus, for the provenancing of ceramics, an extensive statistical examination of the raw chemical
fingerprints is necessary to arrive at meaningful chemical groups. One such approach was
developed in the 1980ies in Bonn, Germany (Mommsen, Kreuser, and Weber 1988; Beier and
Mommsen 1994; Mommsen and Sjoberg 2007; Sterba et al. 2009; Mommsen 2012) and expanded
upon since then. The statistical filtering algorithm developed has been applied successfully in
numerous studies to ceramics from Bronze Age Greece (e.g. Mountjoy and Mommsen 2015), the
Levante (e.g. Zuckerman et al. 2010) or Egypt (e.g. D'Ercole and Sterba 2018).

At the Atominstitut, a full workflow, incorporating the experience of the last two decades and
covering the full procedure from sampling to statistical analysis, was developed (Sterba 2018). This
workflow was applied to a total of 46 sherds from Hirota and Torinomine site on Tanegashima as

well as the Gushibaru shellmound on Okinawa.

Samples
The ceramic sherds were all sampled either by drilling with a alumina drill or by breaking off small
pieces of approximately 0.5 cm’ and homogenization in an agathe mortar. Sample powder was then

dried overnight and an aliquot of 100 mg was weighed into Suprasil quartz glass vials for
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irradiation. The measurement procedure, including detection limits, is described in detail in Sterba
(2018).

Results and Discussion
The results of the Neutron Activation Analysis can be found in Table 1. From the statistical
analysis of the data, one large group of 13 samples could be formed as well as four small groups of
two or three samples, each. The following samples belong to the five groups found:

Group01: P002, PO03

Group02: HIR001, HIR002, HIR003, HIR005, HIR006, P009, P013, P014, P015, P022, P024,

P025

Group03: P007, P021, P027

Group04: TOR001, TOR003

Group05: HIR004, HIR007
The means and spreads of those five groups can be found in Table 2. Separation into groups was
done by iteratively calculating the modified Mahalanobis distance (Mommsen, Kreuser, and Weber
1988) and grouping samples with a distance of d<2 into one group. Once a group was formed, the
center of the group and the Mahalanobis distances of each sample to the center of the group was
calculated. If new members (d<2) were found, the center was recalculated. This process was
repeated until no further samples with a sufficiently small distance to the group center could be

found.

Table 2: Mean and spread of the group centers for the five groups found in the dataset. All values are in
nglg.

Sample Group01 Group02 Group03 Group04 Group05
6267 +/- 83.8 8006 +/- 677 8892 +/- 430 8649 +/- 429 6359 +/- 210
K 28303 +/- 1260 21611 +/- 2182 26086 +/- 999 38099 +/- 2658 22024 +/- 151
Sc 11.8 +/- 0.241 204 +/- 0.686 16.5 +/- 0.987 12.7 +/- 0326 202 +/- 0.294
Cr 286 +/-1.71 378 +/- 1.7 415 +/- 262 2717 +/- 348 49.8 +/- 0413
Fe 36700 +/- 1058 53463 +/- 2148 46924 +/- 1487 34341 +/- 722 54397 +/- 841
Co 87 +/-0.223 9.93 +/- 0852 102 +/- 141 79 +/- 0893 144 +/- 0.145
Ni 15.2 +/- 362 11 +/-193 20.1 +/-1.18 14+/-11 208 +/-0.32
Zn 581 +/- 1.7 65.2 +/-7.22 726 +/-6.15 63.3 +/- 498 84.7 +/- 2.08
As 211 +/- 151 16.8 +/- 6.02 227 +/- 542 114 +/-0.186 24 +/- 131
Rb 218 +/- 412 130 +/- 14.8 157 +/- 4.24 229 +/-5.23 113 +/- 116



Sr

7r

Sb

Cs

Ba

La

Ce

Nd

Sm

Eu

Tb

Yb

Lu

Hf

989 +/- 6.39

171 +/-12.1

0.395 +/- 0.0107

244 +/- 049

277 +/- 305

33.2 +/-0.595

83.1 +/-5.75

20.7 +/- 3.79

563 +/-0.183

0.7 +/- 0.0133

0.664 +/- 0.029

227 +/- 00384

0.362 +/- 0.0388

488 +/-0.215

2.03 +/- 0.0306

293 +/- 0631

176 +/- 0892

343 +/-0.118

215 +/-50.2

153 +/- 165

0421 +/- 0.0502

139 +/- 232

260 +/-16.3

276 +/- 277

66.5 +/- 448

111 +/-77

534 +/- 042

0.778 +/- 0.0534

0.681 +/- 0.0905

276 +/- 0.569

0461 +/- 0.0949

564 +/- 0487

1.68 +/- 0.0737

2.71 +/- 0459

164 +/- 1.08

323 +/- 0618

176 +/- 6.32

191 +/- 205

0.513 +/- 0.0297

158 +/- 0.499

328 +/-26.7

272 +/-1.19

56.6 +/- 1.83

241 +/- 219

5.68 +/- 0.0751

0.947 +/- 0.0538

0.779 +/- 00143

329 +/-0.209

0531 +/-0.0412

6.26 +/- 0.324

1.71 +/- 00704

221 +/-0.243

139 +/- 0.307

343 +/-0.154

214 +/- 246

156 +/- 137

0.334 +/- 0015

21.1 +/-0.154

549 +/- 188

43.1 +/-5.15

84.3 +/-6.35

378 +/- 205

745 +/-0.599

1.27 +/- 0075

1.1 +/-0.0539

449 +/- 0.205

0.677 +/- 0.0549

6.53 +/- 0.858

1.84 +/- 0.0412

3.26 +/- 0.173

159 +/- 04

391 +/-0.182

207 +/- 591

167 +/- 121

0.726 +/- 0.022

9.55 +/- 0903

393 +/- 144

21 +/- 0305

68.6 +/- 1.45

175 +/- 218

361 +/-0.186

0.832 +/- 0.0105

0.483 +/- 0.00778

2.11 +/- 0.0536

0.354 +/- 0.0108

6.87 +/- 0.086

1.06 +/- 0.0328

2.38 +/-0.325

14.8 +/- 0.326

224 +/-0.107

Figure 1 shows a histogram of the Mahalanobis distances between the center of Group 02 and all

samples in the dataset. Samples already associated with the group are indicated in color. It is easy

to see the gap at approximately d=2 in the histogram between samples belonging to the group and

all others. The gap is a good indicator that no more samples belong to the group.

A similar presentation of the groups found is displayed in Figure 2 which depicts a dendrogram

that was calculated by using the Mahalanobis distances between each sample. With a cutoff at d=2,

the groups mentioned above are formed.

All other samples in the dataset could not be associated with any other sample and are called

“chemical singles”. The number of singles in the present study is either due to the small total

number of samples or to the production process that did not produce uniform clay paste.
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Figure 1: Histogram of Mahalanobis distances between the center of Group 02 and all samples in the
dataset. Samples belonging to Group 02 are indicated.
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Figure 2: Dendrogram formed from Mahalanobis distances between all samples. Cutoff is set at d=2.



Conclusion

Considering the small number of samples (46) in the dataset, a clear fingerprint of a production site,
consisting of 13 samples, could be found. Four additional pairings (or triples) of samples are visible
in the data that could, if more material becomes available for analysis, form other groups indicating

further production sites or different ways of clay paste preparation by the potterer.
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