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Aim of the study

Application of three complementary analytical tech-
nigues on the same obsidian samples from the obsi-
dian sources Demenegakion and Agia Nychia (Cape
Bombarda) on the island of Melos (Greece) [Fig. 1]

Reveal a maximum of compositional differences
and the most characteristic “chemical fingerprint*

Help to decide which least invasive analytical
method should be chosen for the reliable identifica-
tion of an archaeological artefact

Check the self-consistency of analytical results and
gain knowledge on the actual degree of reliability

Methods and Measurements
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on Beam Analysis (IBA):

nduced X-ray Emission (PIXE)
nduced Gamma-ray Emission (PIGE)

Irradiation with a 3.85 MeV proton beam of the
5 MV Tandem accelerator of the lon Beam Centre
of HZDR

Detection of emitted X- and J-rays
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Non-destructive

Detection limit: mg/kg

@® Determination of major and minor elements (Na,
Al, Si, K, Ca, Ti, Mn, Fe) as well as some traces
[Fig. 2]
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Laser Ablation-Inductively Coupled Plasma-
Mass Spectrometry (LA-ICP-MS)

Point

MILOS Kaluscras_ L -

: ? Trachilasy Glaronissia 3
A i N R, ot
{v i av¢

e Pollonia
lb - ‘

Ancienty o, Y.
Mxlos\ )

AAAAAAAA

AAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAA

A AR Dy R
W 7% o - ;
.9) mh AA
» 4AAAAAAAAA s
r‘)‘f A f\

f\f\a’\f\ Af\ '\c‘\ /\ A A AN

AAAAAAAAAAAAAAA&
AfAAAAAAAAAAA ANANNRANRN B IKA R
i X

AT-NAE WAL D AT A
AAAM/h AAAAA 0 )

AAAAAAAAAAA

>>ﬁ

; 'n/ ‘-: ' /

; nAf‘fk oA RN A MAAAA'!—,?"!

& A A AT AN N A a7

-AI\ /( f\f\/\f\f\ﬁ /y 4

&AA PN Y A
: i A«A! L LY
f AN f(ll ey

“DPoint Fsalidi

Fig. 1. Geographical situation of obsidian sources on the island of Melos (after [1]).

Instrumental Neutron Activation Analysis
(INAA)

Ablation using an ArF gas Excimer laser coupled
to a Thermo Element 2 ICP-MS at the
Aberystwyth University

Mass analyzer sorts the ions by their masses

Analysed sample mass ~30 ng (laser beam dia-

J SURWRIQ)V\EI-HLbBIGLDP SHOUAKWAUDWLRRQ GHS

P SHU
Minimally destructive (crater size ~30 um)

Detection limit: ug/kg

Spectrometer scanned across 28 minor and
trace elements [Fig. 3]
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Irradiation with neutrons in the TRIGA Mark Il
250 kW research reactor of the Atominstitut in
Vienna

Detection of emitted J-rays
Analysed sample mass >10 mg

At least 10 mg of crushed and homogenised
sample is required

Detection limit: pg/kg

Over 30 major, minor and trace elements mea-
sured [Fig. 4]
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Fig. 2-4: Element distribution pattern of obsidians from Agia Nychia (Melos, Greece). Data obtained by ion beam techniques PIXE and PIGE (Fig.2), LA-ICP-MS (Fig.3) and INAA (Fig.4). The black lines represent the natural variation
range of the elements in obsidian from Demenegakion. Values are normalized to the average element concentrations obtained by PIXE and PIGE (Fig.2), LA-ICP-MS (Fig.3) and INAA (Fig.4) in obsidian from Demenegakion.

o-MLO 91
1.8 - ~@-MLO 92
~A-~MLO 93
-%-MLO 9 4
~%-MLO 95
1.4 - ®-MLO 97
—qaverage

1.6

1.2 -

0.8 -

0.6 -

0.4 -

0o | L natural variation range of elements in obsidian sample MLO 9

GaRb Sr Y Zr Nb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Pb Th U

Fig. 5: Comparison of element distribution in the obsidian sample MLO 9
from Demenegakion and the relative standard deviation of LA-ICP-MS
measurements obtained by analyes of NIST 612 reference material
(represented error bars). Values are normalized to the average element
concentrations obtained by LA-ICP-MS measurements of 6 surface spots.
Black lines represent the natural variation range of the elements.

Results

Determination of a maximum set of 41 elements

Discrimination between the two obsidian sources
Agia Nychia and Demenegakion with each tech-
nigue possible (Fig. 2-4)

Most indicative elements for each technique:

IBA: K, Ca, Ti, Fe
LA- ICP MS: Rb, Sr, Zr, Cs, Pb, U
K, Sc, Fe, Co, Zn, Sb, Cs, Ta, Th, U

INAA provides the largest amount of characteristic
elements to the chemical fingerprint

The natural variation range of elements in obsidian
Is for LA-ICP-MS samples (analysed mass < 50 ng)
much higher than the relative standard deviation of
measurements (Fig. 5)

Conclusions

Combination of IBA, LA-ICP-MS and
INAA revealed a maximum of 16 indica-
tive elements

Recommended method of choice

Comparison of spot analyses with bulk
analytical methods requires a minimum of
10 spot measurement per sample due to
material inhomogeneities
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