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Abstract

Obsidian, a natural volcanic glass, was used extensively in ancient times
because of its quality as a raw material for sharp blades. As such, obsidian is of
high interest for provenancing studies, since reliable provenancing can provide
information about trade routes, extension of territory, long-distance contacts
and the mobility of prehistoric peoples. In general, well-established databases
of the characteristic elemental composition, the chemical fingerprint, are
needed for reliable provenancing. On Milos Island, two sources of raw obsidian,
namely Agia Nychia (Cape Bombarda) and Demenegakion are known. Recent
literature claims a third source close to Agios loannis. In a sampling expedition
with the goal to complete the Atominstitut’s database on the chemical
fingerprints of obsidian, samples at Agios loannis were collected to include this

new source.

At the location, 16 scattered samples were taken for analysis, even though no
direct outcrop could be identified. On the nearby island Kimolos, several more
samples were found. Using instrumental neutron activation analysis (INAA), the
chemical fingerprint of the samples was measured and compared to the values
in the database. All samples from Agios loannis were identified as either from
Demenegakion or Agia Nychia, indicating that no further source of obsidian
exists at the location.
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O oyi01avog, €va QuolKO NPOICTELOKO YVOAL YpHoiuomoinOnke eopéws otnv

Hepidnyn

OPYOLOTNTO. GOV TPAOTH VAN VIO TNV KOTOOKEDY OLYunpv lemiowy. 11 avto tov
A0Y0, 0 oWid10vOG EIvol Evar TOAD EVOLAPEPOV DAIKO VIO UEAETES TPOEAEVLOHG,
ETELON 1] QVAYVAOPIOH TWV THYOV TPOEAEVONS UTOPEL VO, OMOEL TANPOPOPIES
OYETIKA UE EUTOPIKES OLOOPOUES, ETEKTATELS KTNOEWYV, ETOPES UOAKPIVADV
OTOOTATEWY KAl TNV KIVHTIKOTHTO TWV Tpoiotopik@v avlparwv. H aliomoy
TOVTOTOINON TWV TNYOV TPOEAEVONG OTOITEL, YEVIKA, KOAG EVUEPWUEVES PATELS
OEDOUEVV GYETIKWV UE TV YOPOKTHPIOTIKN YHULKH GOOTO0H (XNUIKO ATOTOTMUA,)

700 VAIKOD.

2t vijeo Mnl.o, Egovv avayvwploTtel 000 TEPLOYES WS THYES OWIdIovoD, Ta Ayia
Noyio. (axpwtipio Mrourapoa) kar 1o Agueveyoki. Ilpoopares Piflioypopikés
OVaPOPES TEPLYPAPOVY uia Tpith TEPLOYN, KOVTA 0TV Tomobsaio Ayiog lwavvig.
Aetypozo, omoé avty v mepLoyn oviAEYOnkay katd ) OlGpKelo piog EPEvvOg
vraifpov, pe okomd va oloxAnpwblei n fdon dedousvwv tov Atominstitut,
TEPILOUPOVOVTOS TO YNUIKO OTOTOTWUA OELYUGTWV KOl AT0 THV TEPLOYH TOV AYiov
lwadvvy. 2ty tomobeaio ovtn, 16 deiyuoto vAikod ovALEyOnKay, ywpis ouwms va
evromiotel IN SItU yewloyixi eupavion. Apketa detyuoto oyidoavod Ppédnkav kot

oto kovtivo vyai ¢ Kiuwmiov.

Xpnowomoiwvrog v avolotikny uéBodo s vetpovikng evepyomoinaons (INAA),
TOVTOTOONKE TO YNUIKO OTTOTWUA TV OEWUATOV KOl EYIVE GOYKPLON TOV UE TH
paon deoouévav. Ola ta ociyuozo mov mponlbav amd v torbeoio tov Ayiov
lwovvn, avayvawpiotnkoy ot mpoépyoviou gite amo v Oéon Ayia Noyio, eite omo
mv Géon Acueveyaxi, vmodeixvooviog mhovov, 0Tl 0ev VTOPYEL GAAN YEWAOYVIKN

EUPAVITN OWIO1AVOD.

Aéeis KAerdid: oy1oovog, MiAog, ynuKko OmoTOTWUA, TPOEAEVOH, OVEADON VETPOVIKNG

gvepyomoinong
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The natural volcanic glass obsidian is one of the classical subjects of archaeometric

1. Introduction

analyses. Reliable provenancing by means of the highly specific chemical composition,
the “chemical fingerprint”, can provide information about trade routes, extension of

territory, long-distance contacts and the mobility of prehistoric peoples.

For reliable provenancing, a well-established database of chemical fingerprints of
natural obsidian sources is fundamental. On Milos Island, two well-defined sources,
namely Agia Nychia (Cape Bombarda) and Demenegakion exist. In 2006, Arias et al.
(2006) announced a third obsidian source on Milos, close to Agios loannis (see Figure
1). To complete the Atominstitut’s database on the chemical fingerprints of obsidian
that contains 10 samples from Demenegakion and 7 from Agia Nychia, a sampling

expedition in 2010 tried to identify the Agios loannis source and collect samples.

Milos

\ Pollonia

@ Adamas - Ag. Toannes O

Demenegakion

Ag. Nychia

Prafitis Elias
A

7Sim Fyriplaka

Fig. 1: Locations of obsidian sources on Milos Island.
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2. Materials and Methods
2.1 Samples

For Instrumental Neutron Activation Analysis (INAA), a sample amount of 80-100 mg
is sufficient in the case of obsidian. However, due to INAA’s high sensitivity, especially
for trace elements, sampling has to be performed very carefully to prevent any
contamination of the samples. Since this is usually impossible in the field, whole pieces
were taken and the sampling for INAA was performed under laboratory conditions at
the Atominstitut (see next section). To extend the Atominstitut database , both known
sources (Demenegakion and Aiga Nychia) were revisited to collect new samples.
Sampling was performed in the context of a cooperation with our Greek colleagues
(Sterba et al., 2010). The third source announced by Arias et al. (2006) at Agios loannis
(see Figure 1) was visited also, following the location details as published.

At the location, many scattered obsidian pieces were found and 16 taken for sampling.
Unfortunately, no direct outcrop could be identified. The pieces found showed clear
signs of weathering and were dispersed over a wide area. On the nearby island Kimolos,
six more samples were found at Aliki Beach (1 sample) and Prassa (5 samples). Using
Instrumental Neutron Activation Analysis (INAA), the chemical fingerprint of the

samples was measured and compared to the values in the database.

2.2 Experimental

All samples were cleaned with distilled water in an ultrasound bath and then crushed in
an agate disc mill for homogenization. For each sample, 100-120 mg were weighed into
Suprasil™ quartz vials. The vials were then irradiated for 40 hours in the TRIGA Mk
II reactor of the Atominstitut at a neutron flux density of 1-10*® cms? together with
certified reference materials NIST SRM 278 Obsidian Rock, NIST SRM 1633b CFA,
CANMET reference soil SO1, BCR 142 and MC rhyolite GBW 07113.

After irradiation, the external (quartz glass) surfaces of the irradiated samples were
decontaminated and packed into plastic vials that fit the automatic sample changer of
the Atominstitut. Two measurements were performed to gather spectra for medium- and
long-lived radionuclides. Measurement times were 1800 s and 10000 s, respectively,
measurements were performed on a 222 cm® HPGe detector connected to a PC-based
multichannel analyzer with preloaded digital filter and loss-free counting system. From
those measurements, elemental concentrations for the elements Na, K, Sc, Cr, Fe, Co,
Zn, As, Rb, Sr, Zr, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf, Ta, Th and U were
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calculated. For further details on measurement parameters and sample preparation see
Steinhauser et al. (2006).

3. Results and Discussion

The data from INAA for the samples collected at Agios loannis and Kimolos have been
published in a different context (Eder et al., 2013, Eder, 2013).

As with many obsidian sources, the chemical fingerprints of Demenegakion and Agia
Nychia are similar, as seen in Figure 2. In Figure 2, the chemical fingerprints of the two
sources are plotted with their natural distribution. For clarity, all values were normalized

to the average composition of the Earth’s Upper Crust (Taylor and McLennan, 1985).

A =

[ Demenegakion
- [ Agia Nychia

r——rr 1 1 1 1 1T 1T T T T T T T T T T T T T T T T TT1
Na K S C Fe Co Zn As Rb Zr S C Ba La Ce Nd Sm Eu T Yb L H Ta Th U

Fig. 2: Chemical Fingerprints of Obsidian from Demenegakion and Agia Nychia. All
values are normalized to the average concentrations of the Earth’s Upper Crust (Taylor
and McLennan, 1985). Normalization is done to reduce the spread of the Y-axis to only

2 orders of magnitude.
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Fig. 3: Separation plot for Database and collected samples. All Agios loannis samples
are clearly from either Demenegakion or Agia Nychia.

To differentiate the two sources more clearly, a plot of Sc vs. Th values was found to
be most useful. Both Sc and Th are not only geologically relevant elements but can also
be measured with very high precision using INAA and were thus selected. When the
samples from Agios loannis are overlaid (see Figure 3), it is clear that all of them are
either from Demenegakion (10 samples) or from Agia Nychia (6 samples). The
presence of obsidian from both known sources on Milos further indicates that the
probability for a third source, even with a composition completely similar to one of

them is quite low.

The samples found at Prassa on Kimolos can also clearly be correlated to either Agia
Nychia (4 samples) or Demenegakion (1 sample). Comparison with the existing
database suggests that the sample found at Aliki Beach could originate from Giali (Eder
et al., 2013, Bichler and Sterba, 2012, Mandl, 2001).
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A close look at the data shows elevated values for Sb in most samples from Agios
loannis. This was deemed a local contamination because of the very wide range of the
concentrations measured (Eder et al., 2013, Eder, 2013). However, to make sure that
the differences in the Sh concentrations are not indicative of a third source of obsidian,
the data for the two sources was also analyzed by Principal Component Analysis (PCA),
a multivariate statistical method (Jolliffe, 2002). For the PCA, the elements Na, K, Sc,
Cr, Fe, Co, Zn, Rb, Sr, Zr, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Th, Yb, Lu, Hf, Ta, Th and
U were used. After the calculation of the principal components to best separate
Demenegakion and Agia Nychia, the same rotation was used on the data from the
samples collected at Agios loannis and Kimolos. Plotting all the data clearly shows that
the new samples fit into the two known sources and no other source is indicated (Figure
4). The ellipses show the 95% significance threshold for the original data from the
database. Only a single sample from Agios loannis lies slightly outside of the ellipsis.

® Demenegakion
® Agia Nychia
< Agios loannis
A Kimolos

T T T T T T
-6000 -4000 -2000 0 2000 4000

PC 1: 78.5%

Fig. 4: Principal Component Analysis (PCA) of the data from the database for
Demenegakion and Agia Nychia. Samples from Agios loannis and Kimolos were then

predicted from the PCA and inserted. The ellipses mark the 95% confidence interval.
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The Obsidian sources of Milos have been analyzed by Neutron Activation Analysis,

4, Conclusions

providing a chemical fingerprint for the two known sources at Agia Nychia and
Demenegakion. A third source that is mentioned in literature (Arias et al., 2006) was
investigated. However, the samples collected at the location clearly belong to the two
known sources and their chemical fingerprint shows no indication of a third source on
Milos. This was shown not only by direct comparison of the chemical fingerprints but
also by statistical means. The fact that all collected samples at Agios loannis could be
related to either Agia Nychia or Demenegakion strongly indicates that there is no third
source of obsidian in the area of Agios loannis.
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