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localities of artefacts: Transdanubian region with Southern Slovakia (all investigated
collections and archaeological localities) covered with a green area, except:
Hodmezdvasarhely-Gorzsa — the point in Southeastern Hungary.......................c.oee. 108

Figure V/4. Distribution of alpine jades and early metal (gold and copper) artefacts in
Europe, 6™ — 4" millenia BC. (Modified after Klassen et al. 2012)..................cccoue.... 110
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Chapter I: Introduction

I/1. Problem description

During the investigation of pieces of cultural heritage, like paintings, jewellery and
sculptures, using non-destructive or micro-invasive methods are important to save these unique
and unrepeatable items, especially when they are intact, good quality objects with detailed
archaeological or historical records. Since the beginnings of the archacometry, it was always a
large problem, how to achieve as much information as we can, without to harm or destroy these
objects with incredible historical background. During the development of analysis techniques,
multiple answers were revealed, which can support the results of each other, however, none of
them able to give all necessary answers alone. A few examples can be seen in a non-exhaustive

list below:

A. Mass spectrometry methods like LA-ICP-MS and SIMS can provide in situ chemical
analysis with incredible accuracy, and it is suitable to provide data on mineral chemistry
on both gemstones and stone tools at that price of deepening a shallow and small
diameter hole into the examined objects (just a very few examples: on gemstones: LA-
ICP-MS: Wang et al. 2016, SIMS: Gaillou et al. 2012; on stone tools: LA-ICP-MS:
Barca et al. 2011, Bellot-Gurlet et al. 2005).

B. Spectroscopic methods based on excitation the samples by light (e.g. Raman, FTIR) are
very useful tools as they are completely non-destructive methods (e.g. Calligaro et al.
2002, e.g. Gaillou et al. 2012); however, they have their own limitations among the
determinable phases.

C. Methods based on X-rays: X-ray diffraction and X-ray fluorescence.

a. X-ray diffraction can be a very useful tool to determine loose gemstones
(however, in gemmology, use of this tool is mostly restricted on identifying new
gemstones (e.g. Shen 2020) or for the exact identification of minerals from a
new gemstone locality (Agheem et al. 2011) and reveal to mineral assemblages
of stone tools (e.g. Szakmany et al. 2013, Kristaly 2014).

b. X-ray fluorescence is a method to determine the bulk composition of a sample.
In the latest years, portable XRF tools became more accessible, user friendly and
thus widespread. Due to this fact, we can say that, there was an explosion in the
number of articles about real valuable artefacts, about not only geological

objects as ancient stone tools (Liritzis & Zacharias 2011) and gemstones (e.g.
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Shen 2020), but real artworks, like paintings, sculptures or metallic artefacts,
like jewellery etc (e.g. Trojek & Trojkova 2015).

D. PGAA (Prompt Gamma Activation Analysis) is a derivate of NAA (Neutron Activation
Analysis), which is using slow neutrons for excitation of the samples, and detecting the
signals during the irradiation of the investigated objects. It is a very useful tool for
achieving bulk chemistry results from large objects as stone axes (e.g. Szakmany &
Kasztovszky 2004).

E. PIXE (Particle/Proton Induced X-ray Emission) is a non-destructive analytical
technique for analysing solid samples. Samples are excited by large sized charged
particles, like protons, this process generates characteristic X-rays. It is used for non-
destructive analysis of both stone implements (e.g. Bellot-Gurlet et al. 2005) and
gemstones (eg. Calligaro et al. 2002).

Other methods can be enlisted here; however, it was not an aim in this paper to have a
complete list of analytical methods. However, when this list was piled up, one thing became
very obvious: none of the enlisted methods can gave us a very important information about the

investigated objects: a visual information about their texture.

These things along with the fact that the accessibility of the most methods was very limited,
especially in Hungary, was led to the development of a completely non-destructive method

described in chapter two.
I/2. Method used for the investigations

Needs of the completely non-destructive investigation of samples and the necessity of visual
information led to develop a special sample preparation method allows us to investigate samples
which were not possible to acquire detailed information without this method. This method
called as “original surface method” since it is focusing on the surface instead of a freshly cut
and polished surface of the investigated items. Main goals of this method to prepare a surface
area can be investigated by traditional electron beam methods, for both textural and chemical
analysis. Due to the reason, that the “original surface method” not requires any cutting,
polishing or other destructive preparations, this method can be asserted non-destructive. Years
later, when the method “stabilized” and lot of experience were collected, about a dozen of
articles were born about both jewellery with gemstone inlays and stone tools which are not

subject of this study.
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However, to achieve this result, the usefulness and reliability of this method had to be
proven. As it written in chapter two, our method has limits, especially in cases when the subjects
of analyses are sensitive to the environmental circumstances in the soils. In these cases, the few
thousand years spent in the soil made the determination of the lithic material harder because
some mineral phases disappeared during the eras. One of the goals of this study is to answer
these questions: Which kind of phases can be found on the original surface? Are these phases
suitable for correct determination of the lithic raw material of stone tools? Are there very
sensitive but also very important phases in the stone tools whose lack on the original surface

made the raw materials determination impossible?

In general, a simple SEM equipped with EDS spectrometer is not a quite rare instrument,
so this method can be a widely used one, especially in laboratories where the SEM has a quite
large sample chamber without a sample changing lock system. A proper system calibration and
standardization is necessary, of course, as the proper setting on the investigated artefacts to
achieve the proper investigation geometry to have the correct results. As the system have been

built and experience was piled up, this method can be a routine investigation.

Most important aim of this dissertation is not to determine the exact locality of the particular
stone implements — however it is possible with this method along with a widescale database
about the probable resources — but to prove the usefulness of the original surface investigation

method as a tool of non-destructive method for exceptional pieces of cultural heritage.
I/3. Actual results on stone tools made of HP metaophiolites

Other two articles are concentrating on a special kind of lithic raw material of certain stone
tools, the high pressure metaophiolites (like eclogite and different varieties of jadeitites
(jades)). Their raw material is completely missing from the Carpathian Basin, at least from the
surface, as well as the presence of HPM stone implements was practically unknown until 2008
(Friedel et al.). Since the discovery of their presence in old, large Hungarian collections (which
were piled up from stray finds), like Mihéldy collection of Laczk6é Dezsé Museum in city of
Veszprém (Horvath T. 2001) and Ebenhdch collection of Hungarian National Museum in
Budapest (Ebenhoch 1876; Friedel et al. 2008, 2011), they were found among the object
assemblages of different archaeological surveys performed in XX. and XXI. centuries also
(Dombay 1960; Bir6 et al. 2003, Ilon 2011; Horvath F. 2003, 2005; Szakmany et al. 2008;
Starnini et al. 2015, Zalai-Gaal et al. 2011).
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Investigation of these stone implements have high importance because of the scarcity,
inaccessibility and distance of their raw material. The distance of the nearest geological locality
is over 1000 kms, however these stone implements have really large distribution in Europe
thanks to their very good quality and impressively nice green colour. These implements were
investigated across through Europe from Scotland to Bulgaria and from the Iberian to the
Scandinavian Peninsulas inside the frames of projects JADE! & JADE2?, both coordinated by

P. Pétrequin.

In Chapter II1. 13 pieces of HPM stone artefacts were introduced with detailed data about
their archaeological context (if they have), composition, textural analysis and mineral

chemistry.

In Chapter IV altogether 25 pieces were described with 12 additional pieces, partially from
archaeological surveys, and from the detailed reinvestigation of large collection piled up by

Ebenhoch in the XIX. century.

Most pieces were found in Transdanubia area of Hungary with one exception, a piece was
dug up in Gorzsa, Southeastern Hungary, close to Hodmezdvasarhely. Ten of eleven pieces were
found in archaeological context are belonging to Lengyel Culture, the only exception is the one
from Gorzsa, which is belonging to the Tisza culture, a culture which was close relation with

the Lengyel culture. 14 pieces are stray finds without archaeological context.

Raw materials of these artefacts were divided up to groups based on their bulk rock
composition and mineral chemistry. Based on our results and data from the available papers on
this topic (D’Amico et al. 2003, D’ Amico 2012, Pétrequin et al. 2012a), our stone tools were
transported from NW Italy, so they originated from the very same sources that were supplied
all Europe from Scotland to Bulgaria. Our goal was to prove that these lithic raw materials came
from the well documented western European source both primary sources, like Mon Viso area
or the Voltri Massif, and secondary/tertiary sources like the resedimented Oligocene
conglomerates of River Po, Staffora and Curone (D’Amico et al. 2003, D’ Amico & Starnini

2006, 2012, Pétrequin et al. 2012a).

' JADE: Jade. Grandes haches alpines du Néolithique européen (2007-2010)
2 JADE2: Objets-signes et interprétations sociales des jades alpins dans I’Europe néolithique (2013-2017)
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II/1. Abstract

Recently we have developed a new method in the SEM laboratory of Department of
Petrology and Geochemistry; E6tvos Lorand University, in order to perform in situ mineral
chemical and textural examination of artifacts. This method called as “original surface
investigation method” allows to complete non-destructive in situ textural and mineral chemical
studies on the archaeological findings. Our SEM is equipped with quite large sample chamber,
in which samples up to 300x200x55 mm can be analyzed. This special investigation needs
special sample preparation process. The main steps of this process: cleaning, searching for a
proper surface for investigation, wrapping the sample into aluminum foil, and at last carbon
coating. After this process we can place the artifacts into the sample chamber of the scanning

electron microscope, take photos and perform EDX measurements.

The aim of this work was a comparative chemical and textural analysis which was carried
out on thin sections and original (more-or-less raw, polished during Neolithic era) surfaces of
the same samples. Most of the investigated artefact was broken, and we were allowed to perform
destructive investigations also. Method was tested on inlaid gemstones also, and gave

acceptable results, without doing any harm to them or modifying their state.

According to our results this method is a useful tool to perform non-destructive
archeometrical investigations in most cases. It can provide adequate chemical and textural
information about several rocks’ types and gemstones, however in some cases this method can
provide only partial results. In these cases other — and maybe destructive — methods have to be

involved to have proper results.

Keywords: non-destructive, SEM, EDX, stone tools, jewel, gemstone
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I1/2. Kivonat

A kozelmultban az ELTE Koézettan-Geokémiai Tanszék Pasztazd Elektronmikroszkop
(SEM) laboratériumaban kialakitottunk, és rutinszeriivé tettiink egy eljarast, amit ,,eredeti
felszin vizsgalati modszer”-nek neveztiink el. Ez a modszer lehetévé teszi, hogy a régészeti
leleteken teljesen roncsolasmentes in situ dsvanykémiai és szoveti vizsgalatokat végezziink el.
A laborban rendelkezésiinkre all egy nagyméretli mintakamraval felszerelt SEM, melyben
meglehetdsen nagy, akar 300x200x55 mm-es mintdkat is megvizsgalhatunk. A mintdk egy
specialis mintaelokészitési eljarason mennek keresztiil, melynek fobb Iépései a tisztitas, a
vizsgaland¢ feliilet kijelolése, a feliilet beburkolasa alufoliaval, legvégiil pedig az el6z6 1épések
soran kialakitott feliilet vezetdvé tétele vékony szénréteg ragdzolésével, mely a vizsgalat utan
nyomtalanul eltdvolithatd. Ezek utdn keriilnek be a leletek a pésztazd elektronmikroszkop

mintakamréjaba, ahol a kordabban eldkészitett teriiletrdl készithetiink fotokat és méréseket.

Az itt bemutatott mintak toredékesek voltak, ami lehetévé tette, hogy roncsolasmentes
vizsgalataink eredményeit a kdeszkozokbodl készitett vékonycsiszolatokon elvégzett
,hagyomanyos” SEM-EDX vizsgalatok eredményeivel hasonlitsuk Ossze, ezzel tesztelve
modszeriinket. A modszert nem csak kdeszkozokon, hanem ékszerekbe foglalt ¢kkoveken is
sikeresen kiprobaltuk. Eredményeink azt mutatjak, hogy az altalunk alkalmazott teljesen
roncsolasmentes moddszer az archeometriai vizsgalatok soran az esetek tobbségében jol
hasznalhato, megfeleld képi és kémiai informaciot ad tobb kdzettipus, valamint az ékkovek
vizsgélata esetén. Munkank soran kideriilt, hogy néhany koézettipus esetén az eredeti felszin
vizsgéalati modszer csak részeredményeket szolgaltat, ezekben az esetekben pontosabb

eredményeket csak tovabbi — roncsolasos — vizsgalatokkal kaphatunk.

Kulcsszavak: roncsolasmentes, SEM, EDX, k6eszkoz, ékszer, ékko
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I1/3. Introduction

In archaeological find assemblages, very well elaborated, spectacular, intact, precisely
polished stone tools are frequent finds and they are often very valuable from archaeological
point of view. These objects may not be the subject of any destructive material analysis method,
like thin section petrography, which is the most basic method for determining rocks, however
without proper information about mineral chemistry and texture, even the rock type cannot be
determined precisely. The best possibility in these cases to use non-destructive methods (e.g.
Raman spectroscopy®, PIXE*), but none of these methods can provide the information of
minerals, mineral chemistry and texture that can be obtained during a routine optical
microscopy investigation or a SEM-BSEI (scanning electron microscope backscattered electron
imaging) and/or electron microprobe analysis of a thin section. At contrary, these analyses may
increase the scientific value of the investigated archaeological items by adding reliable data
about texture and mineral composition, and thereby the exact determination of raw materials
and the provenance of the objects at final. Identification of the local raw material sources is also
crucial, but the importance of objects brought from distant areas is even greater, as they allow
us to reconstruct trade links in the discussed time period through the archaeological objects.
Environmental simulating electron microscopes (E-SEMs) can be used to examine non-
conductive samples without carbon layer deposition, but they may have sample size and other
technical limitations also. In many cases the size of the sample chamber is too small, but even
if the size is sufficient, electron scattering on air molecules causes the electron beam to focus
over a larger area of the surface instead of a small (spot-like) area, and finally the results will
not be reliable sufficiently. (For a more detailed description of electron microscopy, see the

digitally available textbook by Szakall (2011).)

3 Quickly evolving, non-destructive, modern analytical technique. It is using monochromatic light (mostly laser
sources) for exciting samples, and evaluates the reflecting light from the samples. Molecules structures, crystal
latices can be identified with it. It can be used on gas, liquid and solid sample equally.
(http://en.wikipedia.org/wiki/Raman_spectroscopy)

4 Non-destructive, modern analytical technique. It is using large sized charged particles, generally protons for
exciting samples. Chemical information can be achieved from the X-ray generated by the sample — proton. It is
used for analysing solid samples. (http://en.wikipedia.org/wiki/Particle-induced X-ray emission)
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I1/4. Archaeological back-ground

Archaeological objects presented

in this paper were recovered from four
archaeological sites (Figure 11/1). The
aim of the analysis was to identify the
raw material of the stone tools (and
inlaid gems) as precisely as possible,

based on their lithological and

geochemical characteristics, and to

determine the most potential source of _ _ _
Figure 1l/1. Archeological sites of the presented

their raw material based on the results.  sgmples.

1l/1. dbra. A bemutatott targyak régészeti lel6helyei.

Didsviszlo (Baranya County) o ’
Térkép forrdsa/Map source:

Larger part of the objects were  http.//www.map.hu/qgaleria/orig/1258 a karpat-

terseq heqy- es vizrajza.jpg

found in Didsviszl6 during a
preventive excavation “HT-104 of
Didsviszl6” perfomed by the Hungarian National Museum's National Heritage Protection
Centre (MNM-NOK) in 2010. Other part of the collections was donated to the Museum by a
private person. A detailed description of this object assemblage can be found in this issue of

Archeometriai Miithely (Oléah et al. 2013) also, so we will not discuss it in detail here.

Veszprém-Kadarta (Veszprém County)

Nine semi-finished stone tools made of basaltic raw materials were found during the
preventive excavation of construction of junction of two main roads in Kadarta area of
Veszprém, at the Gelemér - Rachalala site. They are presumably belonging to the Lengyel
culture (Antoni, 2012a; Olah et al. 2012a).

Archaeological excavations in the above-mentioned area have revealed traces of several
successive cultures, suggesting that the area has been continuously inhabited since about 5000
BC. The site of the nine basaltic stone tools was a shallow pit on the north side of the main road
number “8”, Presumably these semi-finished stone tools were simply thrown into this pit,
probably in a bag. These stone tools are showing various degrees of workmanship, ranging from
barely worked pieces which have a preliminary shape of a tool only, to an almost finished

artefact with only the shaft hole missing (Antoni, 2012a).
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Balaton6szod (Somogy County)

Balatondszod Temet6i diilo is the largest and longest inhabited area of the Baden culture
sites excavated in Hungary. Traces of both Balaton-Lasinja culture and Boleraz culture were

found at this site also (Péterdi, 2011, Horvath T. & Péterdi 2012).

In total, more than 500 items made of different types of rock were discovered during the
excavation, mainly grinding stones and stone axes. Their raw material is also differed according
to their use; while the majority (90%) of stone axes are basalt, dominant part (62%) of grinding

stones made from sandstone (Péterdi, 2011).

Gava (Szabolcs-Szatmar-Bereg County)

At the beginning of the 20™ century, precisely in 1910, a unique archaeological assemblage
was discovered in Gava (present days Gavavencselld) (Hampel, 1911), including a pair of
unusually large bow-brooches, a belt buckle with a particular figural ornamentation, elements
of various necklaces and a toilet-set. The artefacts, kept in the Josa Andras Museum in
Nyiregyhéza, are dated to the mid-5™ century, covering the Gepidic period in the Tisza-region.
They probably formed the grave goods of a high-status female burial, although due to the
circumstances surrounding the discovery we have no record concerning the skeleton and the

details of the construction of the burial.

These archaeological objects were made of different materials according to their function.
Toilet-set was made of silver, jewellery was made of gold, and the dress accessories, i.e., the
belt buckles and the two large brooches were made of gilded silver. The investigated garnet
inlays decorate both the jewellery and the dress accessories (Horvath E. 2012, Horvéath E. et al.
2013).

II/5. Analytical methods

Main goal of this study is to compare the results obtained both on the original raw surface
of stone tools and in thin section analogues of all presented objects, and to prove the potentials
of our non-destructive method. Due to this reason, only fragmentary or semi-finished stone
implements were investigated during this study; and destructive methods were allowed to use

on them, so thin sections were made from all stone implements as a reference material.

(No destructive methods were used on metallic items from Géva, of course).
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Figure 1l/2. The AMRAY 1830 SEM in our laboratory with a prepared stone tool on its sample
holder.

Il/2. dbra. A laboratériumunkban lévé AMRAY 1830-as SEM késziilék, mintatartdjan (balra
kézépen) eqy vizsgdlatra el6készitett kbeszkoz.

For comparison of results of mineral chemistry analyses, characteristic and chemically
resistant minerals were chosen. For textural analyses, areas with typical textures were chosen
on both thin section and on the original surface. Results are concluded at the end of this study

in both sample by sample and as a summary of the complete study altogether with the pros,

contras and the limitations of the “original surface investigation method”.

Instruments and methods

Measurements were performed at the Department of Petrology and Geochemistry, Institute
of Geography and Earth Sciences, E6tvos Lorand University. The instrument used for the
investigations is an AMRAY 1830 scanning electron microscope with tungsten filament, and
equipped with an EDAX PV9800 energy dispersive spectrometer (Figure 11/2). The instrument
has a five-axis manual sample holder (X, Y, Z, R, T), which allowed us to reach the optimal
horizontal setup of the surfaces to be investigated; which is necessary to achieve the most

accurate results.
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Dv-347

Dv-zz BOT-X5

Figure 1I/3. The presented six stone tools
after the cleaning. Areas to be investigated has
been chosen also.

1l/3. dbra. Hat darab kbeszkéz a
mintael6készités elsé két lépcséfoka utdn,
vagyis a vizsgdlando teriiletek kivalasztdsa és
megtisztitdsa utan.

presented below step by step.

Sample chamber of the SEM instrument is
quite large, allowing objects up to 300x200x55
mm to be analysed. 20kV accelerating voltage
and 1 nA beam current was used during the
investigation. Beam diameter was equivalent
with the diameter of the focused electron beam
(~50 nm). All presented SEM micrographs
were taken by backscattered electron (BSE)
detector. For evaluating of mineral chemistry
data, a set of international standards® and ZAF
correction were used. The analyses were
performed under high vacuum, at pressures of
~107 Pa, so samples had to be coated with a
conductive carbon layer in order to be
conductive. A JEOL JEE-4B type carbon/gold

coater was used for this surface preparation.

Original surface investigation method

The most important and most unique part
of our test procedure is the special sample
preparation, which was developed and refined

in our laboratory. This preparation process is

Step 1: Find and select the best surface on the sample (Figure 11/3). This process is starting

with a simple geometrical checking to find the most stable positions of the sample where the

specimen is sitting in stable position on the SEM’s sample holder. As a result of this checking,

surface to be analysed is defined. Then a surface with representative texture and mineral

composition has to be chosen for further preparation. From point of view of the analysis, a

smooth, well-polished, visibly not altered and flat part of the surface is the best choice. If

necessary, multiple areas can be selected on the surface of the sample. For large sized samples,

a suitable compromise must be found during the determination of areas to be investigated,

5 International microanalytic standards were used for analysis: albite: Amelia # AS5010-AB; orthoclase: MAD-
10; augite: ENM-augite; chromite: Australia, C. M. Taylor Company; titanite: C. M. Taylor Company;
kaersutite: Glen Innes, Australia, C. M. Taylor Company; biotite: LP-6; apatite: Wilberforce apatite # AS1040-
AB; Ba-, Zn-, U-containing artificial glass: K-378 F. G.; olivine: AS5200-AB; spessartine: garnet No. 3d.
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measuring points shall be defined by both the characteristic of the sample and load and

movement capabilities of the sample holder of the SEM. Surfaces with visible preparation

/usage marks should be avoided during the investigation.

Step 2: Selected surface(s) have to be cleaned carefully by using organic solvents (e.g.

acetone, petroleum ether). If there are no areas without usage or preparation marks, sample have

to be cared with particular attention to avoid damaging these marks during cleaning. Then apply

thin strips of conductive adhesive on the sides of the selected area to be analysed.

Step 3: The specimen has to be wrapped in aluminium foil, then a window has to be cut in

the foil at the location(s) selected for analysis. Sample ID-s have to be written on Al foil, and

areas have to be marked also with permanent marker. (Figure 11/4, Figure II/5).

5cm

Dv-zz

Figure ll/4. The six stone tools presented on
the Fig. 1l/3. wrapped into aluminium foil and
prepared for the selected area carbon coating.

/4. dbra. A /3. dbrdn bemutatott
kéeszkézék alufdlia burkolatban, a szelektdlt
teriilet(i gézéléshez el6készitve.

Step 4: Next step is to make the samples
conductive by carbon coating. The possible
thinnest carbon layer has to be applied on the

surface of the specimens (Figure 11/6).

Step 5: Place the specimen onto the sample
holder of the SEM. Geometry is very
important, the investigated surface has to be set
as close to horizontal as it possible for the most

accurate results (Figure II/7, Figure 11/S).

After the conductive surface has been
prepared, SEM-EDX analysis can be
performed any time, however it is
recommended to perform the tests as soon as
possible after the carbon coating, and remove
the carbon layer immediately after the

investigation.

Note:  The  preparation  procedure
described so far applies to the jewellery also.
The only difference that after step 4. the

aluminium foil, which in this case only has a

protective role, can be removed from the jewellery as it is conductive itself.
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Figure 1l/5. The large brooch wrapped
into aluminium foil (the horizontal edge of the
picture about 35 cm long).

1l/5. dbra. Az egyik nagyméretii gdvai
fibula alufdliagba burkolva, gbzélés elbtt
(képszélesség kb. 35 cm).

II/6. Case studies

Detailed results of the case studies presented :
Dv-zz BOT-X5

below have been announced in several papers
and conferences (Olah et al., 2012a, 2012b, Figure Il/6. Carbon coated samples.
2012¢c, Bendd et al. 2012) moreover some of /6. dbra. A kBeszkézék vizsgdlatra

them are also presented in this volume (Oléh et kijelolt felulete fegdzolve.

al. 2013), therefore detailed archaeological and

provenance descriptions have been limited in this paper.

Figure 1l/7. Sample Dv-
346 on the sample holder of
SEM, prepared for SEM-EDX
investigation.

1l/7. dbra. A Dv-346 jelli
minta vizsgdlatra bekészitve
0z elektronmikroszkop
mintatartdjdra.
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Figure 1I/8. The large brooch from Gdva mounted onto the sample holder of the SEM.

1l/8. dbra. A 6. dbrdn is bemutatott nagyméretli gdvai fibula vizsgdlatra el6készitve.

Investigations

Sample ID Locality Type 8 % :E é
> = | 0| =

=9 83|

Dv-349 Didsviszlo shoe last axe + + . .
Dv-346 Didsviszlo axe + + . .
Dv-347 Didsviszlo perforated axe + + . .
Dv-zz Didsviszlo flat chisel + + =
Dv-q Didsviszlo semi-finished flat chisel + + = =
Vpk-1004 | Veszprém-Kadarta |semi-finished axe + + + -
Bot-X5 Balaton6szod flat chisel + |+ |+t +

Table 1I/1. List of the stone implement samples with archaeological sites, type of artifacts and the
used investigation methods. All of the samples were investigated by stereomicroscope and the original
surface method, therefore these methods aren’t on the list. Abbreviations: VCS: SEM-EDX
examinations on thin section, AMRAY 1830, ELTE; MS: magnetic susceptibility, Kappameter KT-5, ELTE;
PGAA: prompt gamma activation analysis, KFKI; EMPA: thin section EMPA examination, JEOL
Superprobe 733, MTA Institute of Geology and Geochemistry.

11/1. tabldzat. A kBeszkbzok lelGhelye, tipusa, és a rajtuk elvégzett vizsgdlatok. Az 6sszes mintat
megvizsgadltuk sztereomikroszkdppal és az eredeti felszin vizsgdlati modszerrel, igy ezek kiilén nem
szerepelnek a tabldzatban. Réviditések: VCS: vékonycsiszolat SEM-EDX vizsgdlat, AMRAY 1830, ELTE;
MS: mdgneses szuszceptibilitds, Kappameter KT-5; PGAA, ELTE: prompt gamma neutronaktivdcios
analizis, KFKI EK; EMPA: vékonycsiszolat mikroszondds vizsgdlata, JEOL Superprobe 733, MTA, Féldtani
és Geokémiai Intézet.
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To have a good comparison, fragmentary or

rovidités | angol dsvanynév | magyar asvanynév
ab albite _ albit semi-finished stone tools were chosen for the
act actinolite aktinolit
adr andradite andradit investigation, so we had the opportunity to
ae aegirine egirin . . .

£ &L - s ; prepare petrological thin sections from all of
aega aegirine-augite | egirinaugit
afs alkaline feldspar | alkalif6ldpat them (Table 1I/1). A short description have been
alm almandine almandin ] )
amp amphibole el given for each specimen, based on the results of
a0 anortite anortit electron microscopic petrography and SEM-
ap apatite apatit
aug augite augit EDX investigation of the original surface. In the
chl chlorite klorit o
ol Ny it T second part of the description, results of tests
cpx clogpyimens | oG performed on the original surface and on the thin
cum cummingtonite cummingtonit
en enstatite ensztatit sections were compared to each other. Data
e epidote epidot .

L — — obtained by the two sets of tests are evaluated,
fs ferrosilite ferroszilit
grs grossulare grosszular and the differences between the data (for both
grt garnet granat ] ] ) )
hbl hornblende hornblende imaging and chemistry) have been summarized,
ilm ilmenite ilmenit . . ..

and finally the applicability of the original

[ [ Lk y PP y g
mag magnetite magnetit surface test method have been determined for
mnz monazite monacit . . Lo
ort orthoclase ortokldsz the particular rock type. Detailed descriptions of
pl plagioclase plagiokldsz the optical microscopic and SEM-EDX analyses
prp pyrope pirop . , _ ,
ser sericite szericit of thin sections of the investigated stone tool
Sps spessartine spessartin . . ,

. pessy DEsSEr samples are available in Olah et al. (2012a);
trm tremolite tremolit
wo wollastonite wollastonit Péterdi (2011); Horvath T. & Péterdi (2012);
zrn zircone cirkon

Table 1l/2. Abbreviations of the mineral ~ Olah et al. (2013). Results of the gemstone

names used on pictures and diagrams are
after the international articles except the two
abbreviations in italics.

analysis can be found in Horvath E. et al. (2013).

The abbreviations used in the figures and

/2. tabldzat. A képeken és a
diagramokon haszndlt dsvanynevek
roviditései a nemzetkézi irodalom alapjdn, ez
aldl csak a két délt betlvel jelzett révidités
kivétel.

diagrams are in line with international practice
(Whitney & Evans 2010), and they are shown in
Table II/2. For feldspars and pyroxenes, the
accepted nomenclature diagrams have been used
(pyroxenes: Morimoto et al. 1988). For amphiboles, the cation numbers of the characteristic
elements of the respective amphibole types are shown. In all diagrams, mineral chemistry data
measured from the original surface are represented by b/ue empty circles o, while data obtained

from thin sections are represented by red solid circles ®.
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Sample Dv-349

Fragment of an alkaline dolerite stone tool, with well polished flat part and less polished

convex part. Its texture is porphyritic, with clinopyroxene as phenocrysts and microphenocrysts

(Figure 11/9). Fine grained matrix of the rock is consisting mainly albite, with epidote, K-

feldspar, ilmenite and phyllosilicates. The clinopyroxene crystals are zoned, however this is not

visible on the original surface, but detectable in the EDX data. Large apatites with high CI

content are common, while zircons are rare accessories.

Figure 1l/9. Texture of the original surface of
the sample Dv-349. There is a large apparently
homogenous clinopyroxene crystal in the center.

11/9. dbra. A Dv-349 jelli minta eredeti
felszinérél készitett széveti képe, kbzépen egy
nagyméretii, homogénnek t(iné klinopiroxén
kristdllyal.

A Wo

Diopside
[Hedenbergite

Augite

Ciinoferrosilite

En Fs Ab Or

Figure 11/10. Diagrams of mineral chemistry
analyses of comparing results of sample Dv-349
obtained on the original surface and thin section.
A: pyroxene, B: feldspar

1l/10. dbra. A Dv-349-es minta eredeti
felszinérél és a vékonycsiszolatbdl szdrmazo
dsvanykémiai adatok 6ésszehasonlité diagramjai,
A: piroxén, B: féldpdt.

Ph. D. dissertation

In the thin section amphiboles can be
found in addition to the minerals listed
above; with barkevikitic composition as
primary amphibole phase, and as a result of
clinopyroxene alteration (uralithization).
Those textural characteristics can be seen on
the original surface are also visible in thin
section. All mineral phases are observable on
the original surface except amphiboles;
however, neither alteration nor zonation of
the clinopyroxene are not visible on the
original surface. The mineral chemistry data
are showing good correspondence. As it can
be seen on the triangle diagrams, data fields
are overlapping, however the deviation is
larger among the data obtained from the
original surface (Figure II/10). Although
zonation is not visible on the BSE images of
pyroxenes were taken about the original
surface, it can be observed in the mineral

chemistry data.

Despite the loss of information described
above, this rock type can be identified by
original surface investigation method only

with a fair confidence.
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Sample Dv-346

A fragment of stone tool made of sodalitic phonolite, well elaborated, with various quality

of polishing on the different sides. The porphyritic texture of the rock is clearly visible on the

original surface (Figure IlI/11). The phenocrysts are alkaline feldspars and zoned pyroxenes,

while the matrix is composed of alkaline feldspars and aegirine-augite mainly, with apatite and

monacite as accessories. The matrix contains a large amount of clay minerals, which cannot be

defined more precisely by SEM-EDX; they are filling the surface pits of the stone tool.

e b, S

Figure Il/11. Texture of the original surface of
the sample Dv-346. Alkaline feldspar and
aegirine-augite crystals can be seen in the
surface. Cl: clay mineral which is unidentifiable by
EDX.

1l/11. dbra. Eredeti felszinrdl készitett széveti
kép a Dv-346 jeldi minta alapanyagdrdl. A képen
Osszesen  hdromféle  dsvdny  azonosithatd,
alkdliféldpat, egirinaugit és a cl jelzésii nem
azonosithatd agyagdsvany.

aegirine-augite’

omphacite

jadeite aegirine

Jd

Figure 11/12. Diagrams of mineral chemistry
analyses of comparing results of sample Dv-346
obtained on the original surface and thin section.
A: pyroxene, B: feldspar.

1l/12. dbra. A Dv-346-es minta eredeti
felszinérél és a vékonycsiszolatbdl szdrmazo
dsvanykémiai adatok ésszehasonlité diagramjai,
A: piroxén, B: féldpdt.

During the investigation of the thin

section, several mineral phases were
identified which are not present on the
original surface, like feldspathoids, hainite,
namansilitic pyroxene and kaersutite. On the
contrary, during the investigation of the
original surface, we found large amounts of
clay minerals, which were not present in the
thin section. These phases have formed
probably during the weathering of various
minerals, especially feldspathoids. The
characteristics of texture can be seen on the
original surface and in the thin section is
identical.  Accordingly, the  mineral
chemistry data of the mineral types present
on the original surface (feldspar, aegirine-
augite) is very similar to the data measured in

the thin section (Figure 11/12).

Based on the results, SEM-EDX
examination of the original surface method
only is not providing sufficient data to proper
identification of this rock type, since lot of
mineral phases are missing from the surface.
Without thin section, this rock is cannot be
identified properly. However, the presence of

a large amount of clay minerals is an
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Figure 1l/13. Texture of the original surface of
the sample Dv-347. There are two large
apparently homogenous clinopyroxene crystals
on the left and the upper side of the picture.

11/13. dbra. A Dv-347 jelli minta széveti képe,
balra és feliil egy-egy nagyméretl, Idtszdlag
homogén klinopiroxén kristallyal.

A Wo B Ca

«®

Pigeonite Amphibole
Ciinoenstatite

En Fs A" mg#

| Clinoferrosiite

Figure 11/14. Diagrams of mineral chemistry
analyses of comparing results of sample Dv-347
obtained on the original surface and thin section.
A: pyroxene, B: amphibole

1l/14. dbra. A Dv-347-es minta eredeti
felszinérél és a vékonycsiszolatbdl szdrmazo
dsvanykémiai adatok ésszehasonlité diagramjai,
A: piroxén, B: amfibol.

important information also, because their
presence indicates that certain mineral
phases are missing from the original surface.
These minerals have been altered and/or
disappeared in the soil during the burial.
Some sensitive minerals playing essential
role for classification of rocks, are unstable
among the conditions in the soil. Fortunately,
they are leaving some altered phases on the
sign that further,

surface to possibly

destructive testing necessary.

Sample Dv-347

This is a fragment of stone tool made of
greenschist with well-polished flat surfaces.
Raw material is strongly schistose, its texture
is porphyroblastic, with clinopyroxene
crystals with pre-tectonic origin (Figure
1I/13). EDX analysis revealed that these
crystals are zoned, however it is not visible
on the original surface. The matrix contains
large amounts of chlorite, actinolite and
epidote. Albite appears in bands and knots.
Hornblende is not frequent component in this
rock. Accessory minerals are titanite and

apatite.

Thin section analysis of the sample proved that the texture and all mineral phases can be

identified by investigation of the original surface. The only difference is a textural one: the

zonation of the clinopyroxene was not visible on the original surface. Mineral chemistry is

showing good correspondence also, especially for amphiboles and pyroxenes (Figure 11/14).

These data are proving that this rock type can be identified with a very good confidence by

examination of the original surface of the stone implement only.
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200 um

Figure 1l/15. Texture of the original surface of
the sample Dv-zz. There is a large, obviously
multiphasic amphibole crystal in the center.

11/15. dbra. A Dv-zz jel(i minta szbveti képe,

kbzépen jol Idthatéan tébbfdzisu amfibol-
kristallyal.
Ca
Amphibole
Al mg#

Figure Il/16. Comparing amphibole chemistry
diagram of the sample Dv-zz results obtained on
the original surface and thin section.

ll/16. dbra. A Dv-zz jelii minta eredeti
felszinérdl és a vékonycsiszolatbol mért amfibolok
dsvanykémiai adatainak Osszehasonlito
diagramija.

confidence.

Sample Dv-q

Sample Dv-zz

A stone tool fragment with well-polished
surfaces made of biotite-containing contact
metabasite raw material. Its texture is

nemato-fibroblastic, containing three
different type of amphiboles (actinolite,
cummingtonite or antophyllite, and Mg-
hornblende), chlorite and sericite (Figure
11/15). The three different amphiboles are
usually occurring together (but they did not
form simultaneously), with a core of
actinolite composition overgrown by a rim of
cummingtonite  and/or  Mg-hornblende
composition. The accessory minerals are
ilmenite, titanite and apatite. No feldspar

and/or quartz was found in this sample.

Examination of the thin section of this
item proved that the textural features are
visible on the thin section are recognisable by
investigation of the original surface also for
this rock type. Besides biotite, all minerals
have been found on the original surface. The
mineral chemical data of the amphiboles is
showing a good correspondence also (Figure
11/16), so this rock type can be identified by

the original surface method with a good

Semi-finished stone tool made of greenschist, with some well-polished sides. The raw

material is strongly schistose, its texture is nematoblastic, main mineral phases are albite,

actinolite, epidote and chlorite (Figure 1I/17). Titanite is present in small amount as accessory

component.

Ph. D. dissertation

28



Zsolt Bendd:
Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

A Ca B An

£
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Figure 11/18. Diagrams of mineral chemistry

analyses of comparing results of sample Dv-q

St obtained on the original surface and thin section.
100 pm A: amphibole, B: feldspar

Figure 11/17. Texture of the original surface of ll/18. dbra. A Dv-q jeld minta eredeti
the sample Dv-q. There is a characteristic albite felszinérél és a vékonycsiszolatbol szdrmazo
band in the upper part, and epidot crystals dsvdnykémiai adatok Gsszehasonlito diagramjai,
among the orientated actinolite grains in the A:amfibol, B: féldpat.

lower part of the sample. The rock’s texture is well recognisable on

1l/17. dabra. A Dv-q jelli minta széveti képe,
feliil eqgy jellegzetes albitsdv, az alsd részen pedig

az iranyitott aktinolitkristalyok kézétt véletlen-  higher magnification had to be applied, than
szertien elhelyezkedd epidotszemcsék lathatok.

the original surface of the sample, however

in case of thin section investigation, to
identify all the individual mineral phases. Mineral chemistry data from the two test series are
very similar also (Figure 11/18), so this rock type can be properly identified by investigation of

the original surface.

Sample Vpk-1004

Semi-finished stone axe with a very rough surface made of olivine basalt. Its texture is
porphyritic intersertal, olivine is the main phenocryst phase, augites are the microphenocrysts
(Figure I1/19). Iddingsitic alteration can be observed at the rims of large olivine crystals. Matrix
is consisting of plagioclase, clinopyroxene, fine-grained, partially iddingsitic olivine;
titanomagnetite and glass; and a small amount of apatite. Texture of the matrix is homogeneous
and hypocrystalline. Plagioclases are occurring in the matrix only and based on the
measurements, their composition falls within the labradorite-bytownite fields (Figure 11/20).
Several xenoliths from the Earth’s crust can be found in the sample, they are showing zonal

structure.

Texture of the rock is well visible, and all mineral phases and crustal inclusions can be
found on the original surface, the only missing phase is the glass in the matrix. Chemical
analyses from the two test-series are showing a good correspondence (Figure 11/20). For the

feldspars, the overlapping of data fields is good, with all results are falling into the fields of
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typically basic plagioclases (labradorite and bytownite, Figure II/20B). The pyroxene data sets
are showing differences. Data from the original surface shows a significantly higher Ca content
(Figure 11/204), which can be a result of several factors (e.g. zonation, weathering, pyroxenes
originated from alteration of crustal inclusions, etc.). Despite of these few differences, this rock

type can be properly identified by investigation of the original surface.

En Fs

Figure 11/20. Diagrams of mineral chemistry
analyses of comparing results of sample VPK-
1004 obtained on the original surface and thin
section. A: pyroxene, B: feldspar. Here are the
largest differences between the EDX data from
the original surface and from the thin section. The
Ca-content of minerals is higher on the original
surface than the thin section.

11/20. dbra. A VPK-1004 jel(i minta eredeti
felszinérél és a vékonycsiszolatbol szdrmazd
dsvdnykémiai adatok 6sszehasonlitd diagramjai,
A: piroxén, B: féldpdt. Egyediil ennél a leletnél
fedezheté fel nagyobb kiilénbség az elemzési
adatok kézétt, mindkét esetben a Ca-tartalom
magasabb az eredeti felszinrél szdrmazd
adatokban.

Figure 11/19. Texture of the original surface of
the sample VPK-1004. This is the most incomplete
finding, the roughness of the original surface is
very well visible on the BSE picture.

11/19. dbra. Széveti kép a VPK-1004 jelii minta
alapanyagadrdl. A bemutatott kéeszkézok kéziil
ennek a példanynak a felszine a legkevésbé
kidolgozott, durvasdga jol lathatd a BSE képen.

Sample Bot-X5

Analysis of this sample has a particular importance because the thin section was
investigated on another instrument, a JEOL Superprobe 733 electron microprobe at the
Hungarian Academy of Sciences. Instrument’s Oxford Instrument INCA Energy 200 energy
dispersive spectrometer was used in this case (Péterdi, 2011). BSE photomicrographs were
taken on this instrument also. In this way, we were able to check the correspondence of the

results of two test series performed by an independent laboratory and by our laboratory.

This sample is a flat chisel with a well-polished surface made of nephrite. It is a
monomineralic rock with fibroblastic texture, composed of thin needle-like tremolite fibres
with occasional, unoriented larger crystals with rhombic cross-section (Figure II/21). The
fibrous crystal groups often have radial appearance, however fan-like or completely irregular

crystal groups were found also.
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Figure 1l/21. Texture of the original surface of
the sample BOT-X5. This is a well elaborated item, Fe** Mg
the original surface is very well polished. This
sample is almost monomineralic, it consists of
elongated, sometimes fan-like tremolite crystals.
The only mineral beside tremolite is magnetite.

Amphibole

Figure 11/22. Diagrams of mineral chemistry
analyses of comparing results of sample BOT-X5
obtained on the original surface and thin section.
The results of control analyses, which made on a

ll/21. dbra. A Bot-X5 jelii minta szoveti képe.  JEQL 733 Superprobe are signed in black star.
Jél ldthatd a felszin kitdiné polirozottsdga,

valamint az, hogy a kbézet szinte teljesen
monomineralikus. Két magnetitszemcse
kivételével az egész feliilet tremolitbdl dll. Tobb
helyen megfigyelheték sugaras és eldgazo
kristdlycsoportok.

11/22. dbra. A Bot-X5 jelli minta eredeti
felszinérdl és a vékonycsiszolatbol mért amfibolok
dsvdanykémiai adatainak osszehasonlito
diagramja. Ebben az esetben az eltérd jelzés
(csillag) az eltéré miiszeren tértént mérésre utal.

Textural conformity is very good between the two different test series, and the results of
mineral chemistry analyses of two different laboratories are very similar as well. This is very
positive feedback on the usability of the method was developed in our lab (Figure 11/22). In
numerical terms, the largest difference between the two data series is between the Mg values,
but even there is less than 2%. For other elements the difference is less than 1%. This rock can

be identified properly by investigation of the original surface also.
Gemstones

The method presented in this article is also suitable for identifying gemstones inlaid in
jewellery. For these investigations, two main advantages are the conductive metal body of the

jewellery, and the surface of the gemstones had been polished to be flat.

A major disadvantage may be the shape of some objects, which can be very complex, and
sometimes their size can be quite large. As a consequence, the preparation, and the installing of
these objects into the sample chamber of the SEM, and finally reach the proper geometry
required for measurements sometimes really difficult. The five-axis sample holder of the

instrument, however, allows a very wide range of configurations, therefore the ideal position
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can be reached and can be changed during the measurement as required. The Figure II/8 is

showing the installation of a particularly large bow-brooch, which were very difficult to handle.

The procedure used in these cases is mainly the same as described in Section II/5. The object
to be investigated have to be wrapped in aluminium foil, then Al foil have to be perforated at
selected points, and then the item has to be carbon coated. The only difference is that the Al
foil have to be removed after carbon coating. Finally, the object can be placed into the SEM in

the planned position.

Since the surface of gemstones is usually
flat and well-polished, they have a suitable
surface for investigation, as shown in Figure
1I/23. During the investigation of this
assemblage, a total of 8 pieces of artefacts
containing 41 pieces of garnet inlays were

examined. From the 41 garnets 40 pieces are

belonging to the pyralspite series and only

one is belonging to the ugrandite series. In

Figure 1l/23. One of the garnet inlays from a
gold jewel from Gava with large mineral  case of pyralspite garnets, their composition
inclusions. The surface is almost perfectly
polished.

allows us to determinate the parameters of
I1/23. dbra- Az egyik gdvai aranyékszert their formation (Figure 1I/24a) as well as the
diszité grdndtberakds nagymérett)' zdrvdnyainak Supposed geological source of the raw
fotéja. Erdemes megfigyelni a szinte tokéletesen ) ) .
polirozott felszint. materials (Figure II/24b) (Horvath E. &
Bendd, 2011 and references cited therein)®.
Evaluation of the mineral inclusions assemblages in garnets also contributes to a better
understanding of the formation conditions and through that the origin of the gems (although,
these inclusions can only be identified by SEM-EDX when they are situated on the surface).

Apatite, monazite, rutile and zircon inclusions were found in the studied garnets.

Consequently, our analytical protocol provides very good imaging and chemical
information for garnets. Identifying the mineral chemical composition and the inclusion
assemblages the method proves to be suitable for the localisation of the geological source area

of the garnet raw material.

¢ Since 2013, when this article was published, new studies have been issued about this topic, new localities have
been added, and status of some known localities were changed.
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Figure 1l/24. a: Elemental composition of garnets provides essential information about the
conditions of formation (modified after Morton et al. 2003). b: MgO — CaO diagram showing the
composition of the garnets from the Gdva assemblage based on the SEM-EDX measurements. The
classification of possible garnet provenances is based on Calligaro et al. 2008 and Gilg et al. 2010.
Fields marked by different colours and letters correspond to the compositions of garnets form distinct
localities (A: Southern India, B: Northern India, C: Scandinavia, D: Portugal, E: Bohemia, X: Sri Lanka)®.

24. dbra. a: A grdndtok dsszetétele a keletkezési feltételekrdl tanuskodik (Morton et al. 2003 utdn
modositva). b: A MgO — CaO diagram a gdvai grdndtok lehetséges szdrmazdsi helyét dbrdzolja
Calligaro et al. 2008 és Gilg et al. 2010 cikkei alapjdn. A kiilénbéz6 szind és betdjeld mezbk az egyes
lel6helyekrél szdrmazd grdndtok ésszetételét jelzik (A: Dél-India, B: Eszak-India, C: Skandindvia, D:
Portugdlia, E: Csehorszdg, X: Sri Lanka)®.

I1/7. Conclusion

The original surface investigation method presented here has been proved to be very useful
tool in examination of archaeological finds and other artefacts, particularly in cases where
destructive examination cannot be performed. The case studies presented above have shown
that the photographic (e.g. Figure II/15) and mineral chemical (e.g. Figure 11/12) data obtained
from the surface are very similar to those obtained from thin sections in most cases. During our
investigations, it became clear that this method cannot be applied with success to all rock types.
However, lot of information were obtained even in these cases also (like texture, chemistry of
the minerals that are present on the original surface, the locations of the missing phases in the

texture), that provides significant additional information.

Imaging

The visual information obtained by the original surface investigation method is very similar
to the visual information obtained from the thin sections. Rocks’ textures were recognisable in
all cases, however in cases of poorly polished surfaces, a higher magnification had to be used

than in thin sections, to distinguish the different mineral phases (e.g. Figure 11/17), especially
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if the sample contains fine-grained or fibrous-needle textured minerals. The same relation is
true for grain boundaries: they are difficult to observe in barely polished, fine-grained rocks. In
cases when well-polished stone tools or other objects are investigated, zoning can be observed
also (e.g. Szakmany et al. 2013 in this volume). In most cases the original surface of the tools
is not completely smooth and flat, and therefore some morphological information can be
observed on BSE images on photomicrographs which can be confusing (e.g., Figure II/11). Due
to this phenomenon the compositional changes may not visible properly in some cases. This is
the reason why zonation of minerals is much less or not visible on the uneven original surface
(e.g. Figure 11/9), and more difficult to distinguish some mineral phases with close average

mass number (e.g. quartz-albite) than in thin sections.

Mineral chemistry

Mineral chemistry data obtained from the surface measurements are very similar to the
results from thin sections, however the standard deviation is higher in all cases. The mineral
chemistry data are showing the compositional zoning within the grains even if the zonation of
minerals was not observed visually. It is important to highlight that, the mineral association on
the rock’s surface can be altered during the thousands of years of burial. Unstable phases may
disappear or transform into new minerals under the conditions in the soil. In these cases, the
original surface of the sample does not show the original mineral composition. The most
important unstable phases are the feldspathoids and the glass. This means that some types of
rock (e.g. the sodalitic phonolite of sample Dv-346) cannot be identified certainly by this
method only. In cases when large scale alteration suspected, optical and instrumental analysis
of thin section cannot be omitted. Our final conclusion is that the raw materials and, through
that the source area of most stone implements can be delimited or even determined by

investigating the original surface only.
I1/8. Summary

Our results are showing that we can obtain useful mineral chemistry data from polished
stone tools, as well as visual information on the characteristic textural properties of the rocks,
mineral inclusions and sometimes zonation. These information makes easier to determine the
genesis of the raw material and to narrow the possible location of its deposit. On the other hand,
we can get a picture of the alteration of the surface of the stone tools, and particularly the

alteration of some individual minerals.
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Gemstones inlaid in jewellery can be investigated in situ only, in their settings, however,
determining their chemical composition and inclusion assemblages allows us to identify their
formation and also their raw material sources. Applying the method described here, gemstones

can be investigated non-destructively and non-invasively even when inlaid in jewellery.

The aim of our analyses was to prove that this method is suitable to determine the raw
materials of the best intact objects, and their possible source area, without any kind of
destructive testing. Our analyses largely confirmed our expectations. Seven of the eight case
studies presented in this study gave positive results, so our method is applicable to a wide range
of rock types and minerals. However, results of sample Dv-346 presented in section II/6 are
showing that it is not possible to determine all the rock types with the original surface method
only, without investigation of a thin section. Therefore, this experience shows that, preparing

thin sections is necessary in the cases where it is possible to perform destructive testing.
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I1I/1. Abstract

Good quality high pressure (HP) metaophiolites suitable for making stone implements, like
jade and eclogite, are geologically absent in the Carpathian Basin and its surroundings.
Therefore this raw material type was unknown among Hungarian findings for a long time, and
henceforward this is one of the rarest type of raw material of polished stone implements in
Hungary. Their investigation is very important because of their scarcity and distant origin. The
nearest geological locality where these raw materials can be found is over 1000 kms away. The
specific form and integrity of these stone implements indicate that they were transported as
complete (finished) artefacts.

Petrological investigations of large collections (Mihdldy and Ebenhoch collections)
revealed their presence among Hungarian findings (Friedel et al. 2008, Szakmany et al. 2013).
In 2013 and 2014, several new pieces of HP stone implements were found in museums of
Hungary, most of them from known archaeological context. Most samples were found in
Transdanubia, only one piece turned up in Eastern Hungary (Figure 11I/3). The 7 pieces of
known archaeological context are from four localities (Zengdvarkony (3 pieces), Szombathely
Oladi plato (2 pieces), Alsony€k (1 piece), Gorzsa (1 piece)). Other pieces are stray finds. The
localities and the main features of the tools are summarized in 7able I1I/1. In addition to the 3
pieces presented in Szakmaény et al. 2013, 10 pieces of stone implements made of HP
metaophiolites are presented in this work (Figure I11/1).

Only non-destructive analytical methods were used in this study. Stone implements were
divided into raw material type groups based on their mineral chemical and bulk rock analytical
data. Our results are corresponding to results on HP metaophiolites of North-western Italy,
obtained both on geological and archaeological samples (D’Amico et al. 2003, D’ Amico 2012,
Pétrequin et al. 2012a). Based upon these facts, the HP metaophiolite stone implements in
Hungary probably originated from the same raw material sources as Italian (and other Western
European) HP metaophiolite stone tools. According to technical literature, these primary
sources can be the Monviso, the Voltri Massif and secondary in the resedimented Oligocene
conglomerates in Quaternary of River Po, Staffora and Curone equally (D’Amico et al. 2003,

D’Amico & Starnini 2006, 2012, Pétrequin et al. 2012a).

Keywords: polished stone tool, jade, eclogite, provenance, non-destructive analysis
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I1I/2. Kivonat

Jelenlegi ismereteink szerint a nagynyomasu (HP) metaofiolit nyersanyagl eszk6zok igen
csekély szdmban taldlhatok meg a magyarorszagi csiszolt kdeszkozok leletegylitteseiben.
Vizsgalatuk azért kiemelkedd fontossagu, mert nyersanyaguk a Karpat-medencében, és annak
kozvetlen kornyezetében nem taldlhatd meg. Legkozelebbi, a neolitikumban bizonyitottan
felhasznalt nyersanyagforrdsuk Magyarorszag jelenlegi teriiletétdl tobb, mint 1000 km
tavolsadgban taldlhato, ami, az eszk6zok formavilagat is figyelembe véve, arra utal, hogy ezek
az eszkozok kereskedelmi utvonalakon, hasznalatra kész termékként érkeztek régészeti

leldhelyiikre.

Magyarorszagi jelenlétiikre a Mihaldy- és az Ebenhdch-gytijtemények kdzettani szempontt
feldolgozasa soran deriilt fény (Friedel et al. 2008, Szakmany et al. 2013). 2013-ban és 2014-
ben tovabbi leletek keriiltek el kiilonbozé muzeumok gyiijteményeibodl, a JADE2 program
keretében végzett szisztematikus kutatdsok eredményeképpen. A leletek legnagyobb része a
Dunantulrol keriilt el6, minddssze egy darab szarmazik az orszag keleti részébdl (/11/3. abra).
Hét darab kdeszkoz keriilt eld részletesen dokumentalt régészeti dsatasbol (Zengdvarkony (3
db), Szombathely Oladi plat6é (2 db), Alsonyék (1 db), Gorzsa (1 db), a tobbi szorvanylelet.
LelOhelyeik és legfontosabb adataik megtalalhatok a /1I/1. tablazatban. Ebben a munkankban
a Szakmany ¢és munkatarsai (2013) cikkben ismertetett 3 darab kdeszkdzon feliil 10 tovabbi HP

metaofiolit nyersanyagu kdeszkdzt mutatunk be részletesen (/11/1. abra).

Munkank sordan kizdrolag roncsoldsmentes analitikai modszereket hasznaltunk.
Eredményeink alapjan kézetszoveti, asvany- ¢€s teljes kozet kémiai adatok segitségével a
nemzetkdzi archeometriai szakirodalomban taldlhatd felosztas alapjan csoportositjuk a
leleteket. Eredményeink jol egyeznek az Eszaknyugat Olaszorszag teriiletérdl leirt kdeszkozok
adataival (D’ Amico et al. 2003, D’ Amico 2012, Pétrequin et al. 2012a), igy az altalunk vizsgalt
koeszkdzOk nyersanyaganak forrésteriilete feltehetdleg megegyezik azokéval. Ezek elsddleges
eléforduldsa a Monviso, Voltri ill. az ENy-i Appenninek teriilete és masodlagosan az ezekrdl a
terliletekrdl lepusztult, majd a negyediddszakban athalmozddott és a P6 siksadgon, valamint a
Curone ¢s a Staffora folyok kornyezetében lerakodott konglomeratumok kavicsanyaga

(D’Amico et al. 2003, D’ Amico & Starnini 2006, 2012, Pétrequin et al. 2012a).

Kulcsszavak: csiszolt kdeszkdz, jadeitit, eklogit, nyersanyag forrasteriilet, roncsolasmentes

anyagvizsgalat
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Figure 1ll/1. Some stone implements from Hungary made from HP metaophiolite raw material.
Most important form types can be seen on the picture.

11l/1. abra. Néhdny magyarorszdgi HP metaofiolit anyagu kbeszkéz. A képen az bsszes fontosabb
alaki tipus Idthatd.

I11/3. Introduction

Green or greenish colour is very popular among the prehistoric polished stone tools. This
colour is characteristic for several different rock types, e.g. greenschist, contact metabasite,
nephrite and serpentinite; however, HP metaophiolites are outstanding among the ‘greenstones’
both by beauty and quality (Figure I1l/1). Their elaboration is unique, in most of cases they
have flat, elongated, lingular or triangular shape and they are of different shades of green and
their surface is especially finely polished. These types of stone implements are very widespread
all over Western Europe (D’ Amico et al. 2003, Pétrequin et al. 2011, Klassen 2012, Dominguez-
Bella et al. 2015). Their penetration decreasing toward east, the easternmost known localities
are in Bulgaria, however, they were practically unknown in the Carpathian Basin until the recent

past (Pétrequin et al. 2011, Szakmany et al. 2013).
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Their importance is derived from their scarcity and distant origin (Figure I1I/2). Their first
recognition is connected with the study of major polished stone tool assemblages: Friedel et al.
(2008) mentioned six pieces of HP metaophiolite stone implements from Ebenhoch collection
without detailed description. Szakmany et al. (2013) gave detailed information on three pieces

of stone implements made of HP raw material. These pieces are from the collections
C
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Figure 11l/2. Raw material sources of HP metaophiolites. 1 — Primary sources; 2 —
secondary/tertiary sources (Oligocene conglomerates and their redeposited sediments).

I1l/2. abra. A HP metaofiolit nyersanyagok eléforduldsi teriiletei. 1 — elsédleges el6forduldsok; 2
— madsodlagos/harmadlagos eléforduldsok (Oligocén konglomerdtumokban és azok dthalmozott
tledékeiben).

accumulated by F. Ebenhoch (2 pieces) and I. Mihéldy (1 piece) in the 19th century. Because
of the afore mentioned article is in Hungarian, these important artefacts will be presented in this

work again (see below) for a wider audience.
I11/4. General characterisation of jade and eclogite raw material

HP metaophiolites can be divided into two groups based upon the garnet content of these
rocks. The most widespread group (in both area and mass/amount) is the eclogite group, which
contains large amount of garnets beyond the alkaline pyroxenes (at least 5 % according to
D’Amico et al. 2003). Among the alkaline pyroxenes, omphacite is much more abundant than
the other Na-pyroxene types, however jadeite dominated eclogites do exist as well. The group

of ‘alkaline-pyroxenites’ or ‘jades’ is much smaller. Dominant mineral phases are the different
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alkaline-pyroxenes in this group, like jadeite and omphacite, sometimes aegirine and/or
aegirine-augite. The quantity of alkaline-pyroxenes is more than 80% in these samples. In
addition to the main phases, both groups contain some accessory minerals in these samples, e.g.
rutile, zircon, ilmenite, apatite and titanite.

These two groups are formed under the same conditions, by high pressure (2-3 GPa) and
low to medium temperature (500-600 °C) metamorphism from basaltic protoliths. Based upon
their mineral and chemical composition, the HP metaophiolite raw material of these stone
implements were formed by the younger, Alpean stage of orogenesis, during the Eocene epoch
(Compagnoni et al. 2007; Beltrando et al. 2010).

The Alpine type HP metaophiolites suitable implements for raw material can be found both
in primary, secondary (Oligocene) and tertiary (recent) positions in NW-Italy. These latter were
redeposited in the Quaternary period, and prehistoric people used this as raw material (D’ Amico
& Starnini 2006). Primary occurrences can be found in the eastern range of the Western Alps,
from Monviso till the Aosta valley, and in the Voltri Massif at the north-western end of
Apennines (Monte Beigua) (Figure 11I/2). The formation of these units occurred after the
subduction of the floor of Tethys-ocean. Both areas were uplifted in the Alpean orogenic stage,
after the high-pressure metamorphism (Compagnoni et al. 2007). Secondary raw material
sources can be found at the nearby piedmonts of the Western Alps and Voltri Massif and in the
Po plain. They were formed during Oligocene by sedimentation of eroded materials from the
Western Alps and Voltri Massif. These types of raw material sources were described from recent
sediments of Staffora and Curone rivers (D’Amico & Starnini, 2012), and at the upper Po River,
which originates from the Monviso region (Pétrequin et al. 2012a) (Figure 111/2).

Material quality played an important role in the usage and spreading of these stone
implements. Stone tools made of eclogite were used as wood-working tools by the local
prehistoric people, however exceptionally shaped and finished stone implements made of jade
can be found all over Europe. They are interpreted by the archaeologists as symbols of power
and/or religion, and/or wealth rather than common work tools. The selection of raw material
was really careful, it is indicated by the distribution of the quantity, the quality and the range of
these stone implements. ‘Jade’ as raw material can be found at very limited area and in relatively
small quantities, however, stone implements made of this raw material can be found more than
1500 km away from the source areas. On the other hand, the much more abundant eclogites
were mostly locally (regionally) used as raw material for work tools (D’ Amico 2005, D’ Amico

& Starnini 2012, Pétrequin et al. 2011).
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IT11/5. Archaeological background

The analysed artefacts are from various localities within Hungary, some of them from
archaeological excavations of prehistoric sites, others from recent field surveys or surface
collections as stray finds in the old collection of various museums (7able I1l/1, Figure I11/3).
Their description here follows roughly the temporal order of their recognition among the

polished stone artefacts in Hungary (Szakmany 2009, Szakmany et al. 2013).

1 — Neszmély

2 — Bakonypéterd

3 — Szombathely, Olad-plateau
4 — Zirc

5 — Iszkaszentgyorgy

6 — Bakony Mts.

7 — Hédmezovasarhely-Gorzsa
8 — Labod

9 — ZengoOvarkony

10 — Alsényék.

Figure Ill/3. Archeological localities of presented artefacts.

11l/3. dbra. A bemutatott kbeszkézok régészeti lelGhelyei.

1. Mihaldy collection

The collection accumulated by Istvan Mihéaldy (1833-1901) contains 378 polished stone tools,
now curated in the Laczkoé Dezs6 Museum, Veszprém. Unfortunately, the information on the
exact provenance of the pieces was lost during re-inventarisation in the 1950-ies. We know,
however, that all the samples were found at different sites in the Bakony Mts. and its
surroundings (Horvath, T. 2001, Fiiri et al. 2004). One piece of HP metaophiolite artefact was
found in this collection (sample 55.1276).

2. Ebenhoch collection

The collection was accumulated by Ferenc Ebenhoch (1821-1889), prebend of Gyér, NE
Hungary. His collection, partly donated, partly sold to the Hungarian National Museum contains
more than 700 polished stone tools and it is now part of the Prehistoric Collection of the HNM,
Budapest. The artefacts were found in Western and Upper Hungary (latter is today Slovakia).
The polished stone tools of this collection were studied in details by O. Friedel (Friedel et al.
2011). Two pieces of HP metaophiolite stone tools were investigated from this collection
(samples 300/1876.247 and 300/1876.264). The localities involved are Bakonypéterd and

Neszmély with no further archaeological context.
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3. Gorzsa

Hodmezoévasarhely-Gorzsa is a famous Late Neolithic (Tisza culture) tell settlement
(Horvath, F. 2003, 2005). The site lies at the confluence of the Tisza and Maros rivers in the
Great Hungarian Plain, north of Szeged. Approximately 1,000 square meters of the tell
settlement were excavated and more than 1000 stone artefacts were collected from controlled
stratigraphical context (Szakmany et al. 2008; Starnini et al. 2015). One HP metaophiolite stone
implement was identified in the rich the lithic assemblage, this is the easternmost example of
HP stone tools in Hungary so far (sample 99.3.1863).

4. Szombathely (Olad plateau)

Olad plateau was a Late Neolithic settlement of the early Lengyel culture between the early
and the classical periods (Lengyel Ib, Ilon 2011). Two very small fragments of HP metaophiolite
stone implements were found in this site (samples Olad-321 and Olad-329).

5. Zengovarkony

Classical settlement and cemetery of the Lengyel Culture, excavated and published by J.
Dombay (Dombay 1939, 1960). The polished stone artefacts were investigated previously (Bird
et al. 2003) and reconsidered for sourcing the HP metamorphites. Three HP metaophiolite
artefacts were identified, all of them found in graves (samples N.1/81-1938, N.11/169-1938 and
N.5/47-1939).

6. Alsonyék

The largest known cemetery of the Lengyel Culture, excavated in course of preventive
rescue excavations. The elaboration of the site is in progress. One HP metaophiolite artefacts
was found in a princely grave (Grave 3060, sample M6.2010.10B.3060.3), published separately
(Zalai-Gaal et al. 2011).
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In addition, three stray finds were investigated, their localities: Iszkaszentgyorgy, Fejér
county (HNM 39/1903); Labod (3127), RMM Somogy county; Zirc (81/W2.5), private
collection, Veszprém county.

All the objects with documented archaeological context are from the Late Neolithic. Most
of them belong to Lengyel culture (Zengdvarkony, Olad-plateau and Alsonyék). The object

from Gorzsa is assigned to the Tisza culture, coeval with the Lengyel culture.

11 12

=
5 cm
Figure Ill/4. Artefacts presented in this work. Numbers are referring to first column of Table I11/1.

11l/4. dbra. Az 6sszes bemutatott kBeszk6z. A sorszamok a lll/1. tabldzat 1. oszlopdra vonatkoznak.

Ph. D. dissertation

46



Zsolt Bendo:
Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

I1I/6. Methods

The stone implements made of jade and related rocks are generally intact, therefore only
non-destructive methods can be used for their investigation. These non-destructive methods
included macroscopic analyses, stereomicroscopy, magnetic susceptibility measurement,
geochemical analysis by prompt gamma activation analysis, non-destructive X-ray
diffractometry (performed at Miskolc University and presented in the paper by Kristaly (2014)
in this volume) and original surface analysis, explained in details below.

At the same time, spectroradiometrical analysis (Errera et al. 2007) was performed on the
same items by M. Errera.

Loupe and stereomicroscope were used for the basic petrographic description. Magnetic

susceptibility (MS) measurements were made with portable Kappameter KT-5. Real MS values
were calculated by different corrections of size and thickness (Bradék et al. 2005, 2009).
All of the BSE images and EDX analyses were made by non-destructive original surface
analysis method (Bendd et al. 2013) that was developed for textural and mineral chemistry
analysis of stone tools. These measurements were made at the Department of Petrology and
Geochemistry, Institute of Geography and Earth Sciences, E6tvos Lorand University, Budapest.
The instrument was an AMRAY 1830 scanning electron microscope equipped with EDAX
PV9800 energy dispersive spectrometer. Conditions of analysis: accelerating potential: 20 kV,
beam current: 1 nA, beam diameter: focused electron beam (~50-100 nm), measurement time:
100 sec (livetime).

Non-destructive PGAA was performed at the Budapest Research Reactor operated by the
Centre for Energy Research, Hungarian Academy of Sciences. The method is suitable for the
quantitative determination of the average concentrations of the major elements (SiO2, TiO2,
Al O3, Fex03', MnO, MgO, CaO, Na,O, K,O and H>0O) and some trace elements (e.g. B, Cl,
Sm, Gd) in a few cm® volume. Thermal equivalent beam intensity was 7.75%107 cm2*s.
Calibrated Compton-suppressed HPGe detector was used to detect prompt gamma spectra, and
Hypermet PC software was used for evaluation (Révay, 2009, Szentmiklosi et al. 2010,
Szakmany et al. 2011).
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I1I/7. Results

Physical properties and MS values of the stone implements are summarized in Table II1/1.
with short macroscopic description of the samples. According to our results, the objects can be
divided into six raw material groups. The first four groups are the ‘Na-pyroxenites’, those HP
metaophiolite raw materials which do not contain significant amounts of garnet (less than 5 %).

These groups are listed by increasing iron content. The fifth group contains the only
glaucophane schist sample, and the last group comprises an iron-eclogite specimen (Figure
111/4). Nomenclature diagram of alkaline pyroxenes (Morimoto et al. 1988) was used for the
present mineral chemical grouping of samples. Garnets are presented also on a triangular
diagram.

PGAA results are presented on multi-element diagrams normalized to Upper Continental
Crust (UCC) data by McLennan (2001) for easier comparison. Data fields of Italian HP
metaophiolite stone implements by D’ Amico et al. (2003) are also presented on these diagrams
for comparison.

1. Jadeitites

Two pieces of jadeitite stone implements were found until this time, both of them located
in large old museum collections, one is from the Ebenhdch collection (300/1876.264), the other
one is from the Mihaldy collection (55.1276).

In respect of mineral composition, their raw material contains much more jadeite than
omphacite (Figure I1I/5). Both samples contain zircon and allanite as accessory minerals.
Titanite and xenotime can also be found in them. The Na-pyroxenes are generally zoned, they
have jadeite core and omphacite rim (Figure I11/6, Figure 11I/7). Deformation textures are
missing in these samples.

Jadeitic pyroxenes are similar in composition in these two samples, but the omphacitic
pyroxenes of sample 300/1876.264 contain much more omphacite than pyroxenes of sample
55.1276. Jadeitic pyroxenes appear along a steep trend line toward omphacitic pyroxenes but
the continuity of this trend is doubtful based on these data (Figure 111/7).

Bulk-rock data are corresponding very well to data of D’Amico et al. (2003, grey field).
According to these results these samples have fairly different calcium and magnesium content.
This difference was probably caused by the higher omphacite content of sample 300/1876.264
(Figure I11/8).
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O e e

Figure 11l/5. Typical texture of jadeitites:
small amount of omphacite is scattered among
jadeite. According to the textural
characteristics, omphacite was formed in the
latest stage of metamorphism in this sample
(300/1876.264, Bakonypéterd).

/5. abra. Tipikus jadeitit szévet: kevés
omfacit helyezkedik el szétszorva a jadeit
kristdlyok  kézott. Széveti  jellegzetességei
alapjdn az omfacit a metamorfozis lequtolsé
fdzisaban keletkezett ebben a mintdban
(300/1876.264, Bakonypéterd).

&

Aegirine-
augite

A
%ite

Aegirine

/\ 55.1276 (Bakony)

() 300/1876.264 (Bakonypéterd)

Figure Ill/7. Pyroxene compositions in the
jadeitite samples. Discrete compositions of
jadeite and omphacite are very well visible.

I1l/7. ébra. A jadeitit mintdk piroxénjeinek
Osszetétele. A jadeit és omfacit mezbkben
elhelyezkedd Osszetételek hatdrozott
elkilénilést mutatnak.

Ph. D. dissertation

Figure Ill/6. Zoned pyroxenes with jadeite
core and omphacite rim. Sample 55.1276
(Bakony Mts.).

/6. dbra. Zénds piroxénkristdlyok jadeit
maggal és omfacit peremmel az 55.1276-0s
mintdban (Bakony).
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Figure Ill/8. Bulk-rock compositions of
jadeitite samples normalized to UCC by
Meclennan (2001). Results showing very well
correspondence to jadeitite compositions by
DAmico et al. (2003). Differences in
compositions are possibly caused by varieties in
omphacite content of the samples.

/8. dbra. A jadeitit mintdk teljeskézet-
kémiai Gsszetétele a kontinentdlis felsé kéreg
dsszetételre normdiva (McLennan 2001). Az
adatok nagyon jo egyezést mutatnak DAmico
et al. (2003) jadeitit adataival. A két minta
kézotti dsszetétel kilbnbséget valdszinileg a
mintdk kiilénb6z6 omfacit-tartalma okozza.
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2. Mixed jades

This jade group contains two pieces of stone tools. One of them was found at the excavations
of Zengo6varkony (N.1/81-1938), from documented archaeological context. The other one is a
stray find from Zirc (81/W2.5).

Their raw material contains more jadeite than omphacite or aegirine-augite (Figure 111/9).
Both samples contain rutile as accessory mineral. Zircon, allanite, titanite, xenotime and
monazite can also be found in them. Retromorphic phases (albite, epidote) can be found in
sample N.1/81-1938.

Na-pyroxenes are frequently zoned, they have jadeite core and omphacite/aegirine augite
rim (Figure 11I/10, Figure I1I/11). Na-pyroxenes in sample 81/W2.5 have a ‘radial’ texture

(Figure I11/10). Deformation structures are not present in these samples.

s - - o . - - T BT
¢ ¥ o o ’.?t’- )

Figure 11l/9. Texture of mixed jades with
accessory and retromorphic minerals. Sample
N.1/81-1938 from Zengdvdrkony.

/9. dbra. Kevert jadeitit szévete,
akcesszorikus és retromorf dsvdnyai. N.1/81-
1938 minta Zengévdrkonyrdl.

Figure 1ll/10. ‘Radial’ texture of alkaline
pyroxenes in sample 81/W2.5 (Zirc). Pyroxenes
shows ‘normal’ zonation, with jadeite core and
omphacite rim.

111/10. dbra. Az alkdli piroxének ,sugaras”
szévete a 81/W2.5 mintaban (Zirc). A piroxének

normdl zéndssagot mutatnak, jadeit maggal és
omfacit peremmel.

Composition of jadeitic pyroxenes of the two samples are very similar, they appear along a
relatively steep trend line. Omphacitic pyroxenes are very different, they show two distinct
trends. Sample N.1/81-1938 trends towards the calcium rich omphacites, 81/W2.5 towards the
iron rich aegirine-augites. The continuity of these trends is doubtful based on these data (Figure
1/11).

Bulk-rock data are very similar to each other. Their correspondence to data of D’Amico
(2003, grey field) is good, differences probably caused by the larger natural variety of the raw

material of the earlier investigated samples (Figure I11/12).
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op 81/W2.5 (Zirc)

Figure 1ll/11. Pyroxene compositions in
mixed jades. Jadeites have very similar
composition in both samples, however
omphacite compositions are rather different,
omphacites of sample 81/W2.5 are richer in iron
than omphacites of sample N.1/81-1938.

Il/11. dbra. Piroxén dsszetételek a kevert
jadeititekben. A jadeiteknek nagyon hasonlo az
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Figure 1ll/12. Bulk-rock compositions of
mixed jade samples normalized to UCC by
Mclennan (2001). Two datasets are very
similar to each other, and their correspondence
to mixed jade data of DAmico et al. (2003) is
good also.

Il/12. dbra. A kevert jadeititek teljeskézet-
kémiai Osszetétele a kontinentdlis felsé kéreg
Osszetételre normdlva (MclLennan 2001). A két
adatsor nagyon hasonld, és jo egyezést
mutatnak DAmico et al. (2003) kevert jadeitit
adataival is.

Osszetétele a két mintdban, mig az omfacitok
Osszetétele meglehetésen eltéré, a 81/W2.5
mintdban az omfacitok sokkal vasgazdagabbak,
mint az N.1/81-1938 mintdban.

3. Iron-mixed jades

This jade group contains three pieces of stone tools, all of them found at different
archaeological excavations. N.11/169-1938 was found in Zengdvarkony, 99.3.1863 was found
in Gorzsa and Olad-329 was found at Szombathely, Olad-plateau.

Their raw material contains a lot of jadeites with large amounts of omphacite and/or Fe-
jadeite and/or aegirine-augite (Figure 11I/13). Accessory minerals are zircon, allanite, rutile,
apatite, ilmenite and titanite. Retromorphic phase (chlorite) can be found in one sample (Olad-
329).

Na-pyroxenes are frequently zoned, in most of cases they have a jadeite core and Fe-jadeite
or omphacite or aegirine-augite rim (Figure I11/14, Figure I1I/15).

The pyroxenes of these samples have rather different composition. Two of the stone tools
contain three different compositional groups of pyroxenes, one is near the clear jadeite
composition, the second group is in the jadeite field with high iron content (iron-jadeite) and

the third one has omphacitic—aegirine-augitic composition. These pyroxenes have a flat trend-
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like line towards aegirine-augite across the omphacite field pyroxenes. Continuity of these trend

lines are doubtful based on these data, again (Figure I11/15).

Figure 11l/13. Textural view of an iron-mixed
jade with accessory and retromorphic minerals.
Sample Olad-329

11l/13. dbra. Vas-kevert jadeitit szbveti képe,
akcesszorikus és retromorf dsvdnyai. Olad-329-
es minta.

S
Omphagite <>Ae@me—
augite
<l o

&

Aegirine

&0

< Olad-329 (Szombathely)

<> 99.3.1863 (Gorzsa)

O N.11/169-1938 (Zengbvarkony)

Figure lll/15. Very diverse pyroxene
compositions in iron-mixed jades. Sample
99.3.1863 contains four different pyroxenes:
jadeite, iron-jadeite, omphacite and aegirine-
augite.

I1l/15. dbra. A vas-kevert jadeititek erésen
eltéré6 piroxén Osszetételei. A 99.3.1863-as
minta négyféle piroxént tartalmaz: jadeitet, vas-
jadeitet, omfacitot és egirinaugitot.

&

Figure 1ll/14. Zoned pyroxenes with jadeite
core and iron-jadeite/aegirine-augite  rim.
Sample N.11/169-1938 (Zengdbvdrkony).

11l/14. dbra. Zénds piroxénkristdlyok jadeit
maggal és vas-jadeit/egirinaugit peremmel.
N.11/169-1938 minta (Zengévdrkony).
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Si0, TiO, ALO,Fe,0, MnO MgO CaO Na,0 12%
Figure 1ll/16. Bulk-rock compositions of
iron-mixed jade samples normalized to UCC by
MclLennan (2001). Datasets are corresponding
to iron-mixed jade data of D’Amico et al. (2003).

I/16. dbra. A vas-kevert jadeititek
teljeskézet-kémiai Gsszetétele a kontinentdlis
felsé kéreg ésszetételre normdlva (MclLennan
2001). Az eredmények jo egyezést mutatnak a
DAmico et al. (2003) dltal mért vas-kevert
jadeititek értékeivel.
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Bulk-rock data are corresponding very well to data published by D’Amico (2003, grey
field). According to these results, these samples have fairly different manganese and magnesium
content (Figure I11/16).

4. Iron jadeitite

Fe-jadeitite is a frequent raw material among the Hungarian HP metaophiolite stone tools,
three pieces were found. Unfortunately, all of them are stray finds without archaeological
context. One piece is from the Ebenhdch Collection of the HNM (300/1876.247), the second is
from Iszkaszentgyorgy (Prehistoric collection of Hungarian National Museum, Inv. nr.
39/1903), and the third is from Labod from the collection of the Rippl-Ronai Museum,
Kaposvar (Inv. nr. 3127).

Their raw material contains jadeite and Fe-jadeite; while omphacite and aegirine-augite are
absent (Figure I1l/17, Figure I1I/19). Common accessory minerals are zircon and rutile. Titanite,
allanite, ilmenite, xenotime and monazite can be found in them as well.

The Na-pyroxenes are generally zoned, they have jadeite core and Fe-jadeite rim (Figure
11I/18, Figure I11/19). Deformation textures are absent from these samples.

Pyroxenes of sample 300/1876.247 contain more iron than pyroxenes of the other two
samples. Pyroxenes appear along a very shallow/flat trend line towards aegirine (Figure 111/19).

Correspondence of bulk-rock analyses to data of D’ Amico (2003, grey field) is good, the
variance is probably caused by the diversity of the raw material (Figure 111/20).

500 pm

Figure Ill/17. Texture and accessory Figure Ill/18. Zoned pyroxenes with jadeite
minerals of iron-jadeite, sample 39/1903 core and iron-jadeite rim. Sample 3127 from
(Iszkaszentgydrgy). Labod.

Il/17. dbra. Vas jadeitit szbveti képe és I1l/18. ébra. Zdnds piroxének jadeit maggal
akcesszorikus  dsvdnyai, 39/1903-as minta és vas-jadeit peremmel. 3127 minta, Ldbod.
(Iszkaszentgyérgy).
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Jad Aegirine
Figure 11l/20. Bulk-rock compositions of iron

[1300/1876.247 (Almasneszmely) jadeite samples normalized to UCC by
©)39/1903 (Tezkaszentaydrey) Mclennan (2001). Correspondence to iron
jadeite data of DAmico et al. (2003) is good.
YYRRM 3127 (Lébod)
I1l/20. dbra. A vas jadeititek teljeskézet-
Figure 1ll/19. Pyroxene compositions in iron kémiai Osszetétele a kontinentdlis felsé kéreg
jadeitites. All of results fall to the jadeite field, osszetételre normdalva (Mclennan 2001). A
however compositions are varying between iron mért adatok elég jol egyeznek DAmico et al.
poor and iron rich jadeites. (2003) vas-jadeitit adataival.

111/19. dbra. A vas-jadeititek piroxénjeinek
Osszetétele. Minden mért érték a jadeit mezbbe
esik, de az O&sszetételek a vasszegény és
vasgazdag jadeitek kézétt vdltakoznak.

5. Glaucophane schist (retrograde omphacite schist)

This type of glaucophane schist is very rare
among the Hungarian HP metaophiolite stone
tools, only one piece was found until this time.
This piece is from  Zeng6varkony
archaeological site (N.5/47-1939).

Its raw material contains a lot of
glaucophane and Na-pyroxenes as well. Most

of the Na-pyroxenes are omphacite, jadeite

occurs on the rim of omphacite crystals Figure I1l/21. Texture of glaucophane schist
(Figure III/21, Figure III/22). Accessory with accessory minerals. Sample N.5/47-1939
(Zengbvdrkony).

minerals are ilmenite, apatite, titanite (Figure

I1l/21. dbra. Glaukofdnpala széveti képe és

111/21). akcesszdrikus dsvanyai. N.5/47-1939 minta
(Zengdbvdrkony).
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Na-pyroxenes are zoned in this sample, but they show inverse zonation against the prior
samples (Figure I1I/21). According to the texture, glaucophane was formed in the latest,
retrograde stage of metamorphism. N.5/47-1939 has slightly foliated texture (Figure I11/21).

There are two compositional varieties of alkaline pyroxenes in this sample. The more
abundant pyroxene is the omphacite, which has a steep trend line on the diagram. Jadeite
compositions are much closer to each other, they appear in a pile and they do not form a trend
line (Figure 111/22).

Bulk-rock data fit very well to glaucophane schist data of by D’Amico et al. (2003, thick
grey line). The only difference between the two compositions is the Na,O content, probably
sample N.5/47-1939 has higher alkaline pyroxene content than the reference sample. Notably,
the distribution of omphacite schist and glaucophane schist are very similar to each other (thick

grey line and pale grey fields in Figure 111/23).
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Figure 1ll/23. Bulk-rock compositions of

O N.5/47-1939 (Zengbvarkony) glaucophane schist sample normalized to UCC
by Mclennan (2001). Dataset are very similar
to glaucophane schist (thick gray line) and
omphacite schist (pale gray field) data of
DAmico et al. (2003).

T IIIIII|
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Figure 22 Alkaline pyroxene
compositions in glaucophane schist.
Compositions are showing two distinct group of
jadeite and omphacite.

I/23. dbra. A glaukofdnpala teljeskézet-
kémiai Gsszetétele a kontinentdlis felsé kéreg
Osszetételre normdlva (MclLennan 2001). Az
adatsor nagyon hasonlit DAmico et al. (2003)
glaukofdnpala (vastag sziirke vonal) és
omfacitpala (vildgossziirke mezé)
eredményeire.

11l/22. dbra. Alkdli piroxén Gsszetételek a
glaukofdnpaldban. A mért eredmények két
kiléndllé halmazt képeznek, egyet a jadeit és
egyet az omfacit mezében.
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6. Iron-eclogites

Eclogite is rare raw material among the investigated HP metaophiolite stone tools, only two
pieces were found. Both of them were found on excavated archaeological sites,
M6.2010.10B.3060.3 was found in Alsényék, Olad-321 was found at Szombathely, Olad
plateau.

Their raw material contains a high amount of garnets in addition to alkaline pyroxene which
is mainly omphacite (Figure 11I/24). Accessory minerals are ilmenite, zircon, apatite and rutile.
Retromorphic phase (epidote) occurs in the sample from Olad (Figure I11/25).

Alkaline pyroxenes seem to be homogenous in most of cases, but in some cases, they have
relatively jadeite-rich core (Figure I11/26). Garnets are slightly zoned, probably, but this
zonation is invisible on these rough surfaces (Figure 111/27). M6.2010.10B.3060.3 has slightly
foliated texture (Figure 111/24).

2 mm
4 L C Y T e P = o Erre——— |

Figure 1ll/24. Typical texture of iron- Figure 11l/25.  Elongated, homogenous
eclogites with accessory minerals and large omphacite crystals among garnets and
amount of garnets. Moderate inhomogeneity of ilmenites in the sample Olad-321.
pyroxenes can be observed on this sample Il/25. dbra. Nydlt, homogén omfacit

(M6.2010.10B.3060.3, Alsonyék). Foliation is

o ) ] kristdlyok a grdndtok és az ilmenitek kézétt az
visible on the placements of ilmenite crystals.

Olad-321 mintdban.
Il/24. dbra. Tipikus vas eklogit szévet

akcesszorikus dsvdnyokkal és sok grdndttal. A

piroxének Gsszetételében enyhe inhomogenitds

figyelhet6 meg. Az enyhe folidcio az ilmenit

kristalyok elhelyezkedésén lgthatd.

M6.2010.10B.3060.3 minta, Alsényék.
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alm+sps grs+and

M6.2010.10B.3060.3 (Alsonyék ) » .
* ( yek) Figure 1ll/27. Garnet compositions in iron-

Figure 11l/26. Pyroxene compositions in the eclogite. Most of the compositions can be found
iron-eclogite samples. Most of the compositions ~ in one narrow pile, however the distinct values
fall into the omphacite field, however there are are demonstrating the zonation of crystals.
some jadeite and aegirine-augite, also. 11l/27. ébra. Grdndt ésszetételek a vas

ll/26. dbra. Alkdli piroxének &sszetétele a  eklogitokban. A legtébb érték egy szlk
vas eklogitokban. A legtébb esetben omfacitos ~ halmazban taldlhato, de néhdny ettdl eltérd
bsszetételt mértiink, de eléfordulnak jadeit és ~ Osszetétel is elbfordul, amik a kristdlyok
egirinaugit 6sszetételi mérések is. z0ndssdgdt bizonyitjdk.

Pyroxene composition of these samples

does not show any trends or alignment. Most

of them are omphacite, however there are
jadeitic and aegirine-augitic parts as well

(Figure 111/26).

. Rock/UCC

Most of the garnet compositions are in one

pile, there are only two exceptions, and

01 1 1 1 1 1 1 1 1
$i0; TO, ALO,Fe0, MnO MgO CaO NaO K0 possibly they are indicating the zonation of the

Figure 1ll/28. Bulk-rock compositions of crystals (Figure I11/27).
iron-eclogite samples normalized to UCC by

McLennan (2001). The two datasets are very Bulk-rock data are corresponding very well

similar to. each other,. and lthey ar€  to data of D’Amico et al. (2003, grey field).
corresponding very well to iron-eclogite data of

DAmico et al. (2003), also. According to these results these samples have

11/28. dbra. A vas eklogitok teljeskézet-  very similar composition (Figure I11/28).
kémiai Osszetétele a kontinentdlis felsé kéreg
Osszetételre normdlva (McLennan 2001). A két
adatsor nagyon hasonld egymdshoz, és
mindketté nagyon jol egyezik DAmico et al.
2003 vas eklogit adataival.
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I11/8. Discussion

Most of the investigated stone implements have characteristic, elongated, triangular or
lingular shape which is similar to the stone implements described from Western Europe
(D’Amico et al. 2003, D’ Amico & Starnini 2006, Pétrequin et al. 2012a). Instrumental analyses
allow the grouping of these stone tools. According to our results, they can be divided into 6 raw
material groups. These raw material groups are jadeitites, mixed jadeitites, iron-mixed
jadeitites, iron jadeitites, glaucophane schist and iron-eclogites (Figure 111/29). Based on their
inventory number, they can be grouped accordingly:

e Jadeitite: 55.1276 and 300/1876.264

e Mixed jadeitite: N.1/81-1938 and Zirc 81/W2.5

e Iron-mixed jadeitite: N.11/169-1938, 99.3.1863 and Olad-329

e Fe-jadeitite: 300/1876.247, 39/1903 and 3127

¢ Glaucophane schist: N.5/47-1939

e [ron-eclogite: M6.2010.10B.3060.3 and Olad-321.

Jadettites

[=2]

Mixed
jadeitites

12
f?

2

e
S
(—

1"

jadeitites

Iron
jadeitites

G
gﬁ e
Iron-mixed "b
8

Glaucophane
schist

a4
7
Iron
eclogites
Scm

Figure 11l/29. All of the presented artefacts arranged by their raw material type. Numbers are
referring to 1t column of Table I1l/1.

111/29. dbra. Az bsszes bemutatott kbeszkéz a nyersanyag tipusuk alapjdn elrendezve. A szamok
a lll/1. tabldzat 1. oszlopdra vonatkoznak.
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Figure 11l/30. Distribution of HP metaophiolite stone implements in Europe completed with

Hungarian artefacts. Modified after Pétrequin et al. 2011.

111/30. dbra. HP metaofiolit nyersanyagu kéeszkbzék eloszldsa Europdban, kiegészitve a

magyarorszdgi adatokkal. Pétrequin et al. (2011) alapjdn modositva.

Based upon data from the technical literature (D’ Amico et al. 2003, D’ Amico & Starnini
2006, Pétrequin et al. 2012a), these raw materials, based on their mineral assemblage, chemical
composition and textural properties, are identical to the North-western Italian HP
metaophiolites which were formed by the Alpine orogenic stage. We do not make claims on the
exact localisation of the raw material source proper because the relevant areas known from
publications (see Figure I11/2) are rather large, and they are all at least about 1000 km from

Carpathian Basin, practically in the same direction. Therefore, from the respect of prehistoric

contacts they have the same significance.
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Our results essentially increased the knowledge about the distribution range of these stone
implements (Figure I11/30). Stone tools made of western Alpine HP metaophiolite raw material
were formerly unknown in the Carpathian Basin, especially in Hungary. The artefacts presented
here were mainly found in the Transdanubian region (West Hungary); there is one piece,
however, from East Hungary as well (Figure 111/30).

In addition, very important result is the heterogeneity of lithotypes, not all of presented
stone implements were made of the most widespread “pure jade” raw material, but eclogites
and glaucophane schist are also occurring. This heterogeneity is explicable with several reasons.
One possible scenario is the development of manufacturing and discovery of better- and better-
quality sources for these stone implements in due time. Other probability is the changes in the
transportation routes and/or procurement and contact modes in the function of time and/or
regions. Last but not least these very distinct materials may be transported from multiple,

coexistent sources/manufactures along multiple, coexistent trading routes.
I11/9. Conclusion

In the last years there was a significant growth in the number of recognized and investigated
stone implements made of HP metaophiolite raw material in Hungary (Figure 111/30). This
growth is due to systematic quest for greenstones and the applied non-destructive methods
(PGAA and original surface method by SEM-EDX). These methods proved their suitability to
identify the raw material of stone implements and capability to provide good quality data for
comparison with data in the international literature.

Artefacts from known archaeological context are from the Late Neolithic period and most
of them belong to the Lengyel Culture. The only piece from East Hungary belongs to the Tisza
Culture which is coeval to Lengyel Culture, and they were in regular contact with each other.

According to our results there is a large probability of finding other HP metaophiolite
artefacts in Hungary, especially in the course of systematic petrologic investigations of findings

of Lengyel and coeval cultures and from the old collections.
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IV/1. Abstract

Good quality high pressure (HP) metaophiolite rock types (e.g. Na-pyroxenite/jade,
eclogite) suitable for making prehistoric polished stone implements were unknown among
Hungarian findings for a long time. Nowadays they are still among the rarest types of polished
stone implements known in Hungary in the respect of raw material.

After the first discovery of Neolithic stone tools made of HP metaophiolites in the records
of Hungarian archaeological assemblages, detailed petrological investigations of large stone
implement collections revealed their presence in a relatively large number. According to our
current knowledge, 25 HP metaophiolite stone implements are known from Hungary.
Unfortunately, most of them are stray finds, but 11 pieces from four localities have known
archaeological context. They were mainly located in Transdanubia (except for 1 piece from
Tiszantal) and mostly attributable to the Late Neolithic Lengyel Culture and subordinately to
the Late Neolithic Tisza Culture.

In this study we applied exclusively non-destructive analytical methods (macroscopic
observation, magnetic susceptibility measurements, a new non-destructive ‘original surface
method’ by SEM-EDX, Prompt Gamma Activation Analysis). As a result, the prehistoric stone
implements were classified into raw material types. Based on our data, the high pressure-low
temperature (HP-LT) metaophiolite stone implements from Hungary probably originated from
the same raw material sources as the Italian HP metaophiolite stone tools (sourcing from North-
western Italy). According to literature on the topic, both primary (Western Alps in the
surroundings of the Monviso in Piedmont or the Voltri Massif in Liguria) and secondary
occurrences (in Quaternary deposits of the rivers Po, Staffora and Curone) are potential sources.
These analyses confirmed the existence of long-distance trade routes connecting the Po Valley

with the Carpathian Basin during the V Millennium BC.

Keywords: Neolithic polished stone tools, Na-pyroxenite, jade, eclogite, provenance, non-

destructive PGAA and ‘original surface method’ by SEM-EDX
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IV/2. Kivonat

A jo mindségl, csiszolt kdeszkozok készitésére alkalmas, nagynyomastu (HP) metaofiolit
kézettipusok (pl. Na-piroxenit/jade, eklogit) sokaig ismeretlenek voltak a magyar leletek
kozott, és ma is a Magyarorszagon ismert csiszolt kdeszkdzok ritkabb tipusai kozé tartoznak.

Az els6 HP metaofiolitbol késziilt neolitikus kdeszkozok eldkeriilése utan a nagy
kéeszkozgylijtemények részletes petrologiai vizsgalata soran viszonylag nagy szamban
kertiltek el ezek a leletek. Jelenlegi ismereteink szerint Magyarorszagrol 25 HP metaofiolit
kdeszkdz ismert. Sajnos tobbségiik szorvanylelet, de négy leldhelyrdl 11 darabnak ismert a
régészeti kontextusa. Ezek foként a Dunantulrol kertiltek el6 (1 tiszantuli darab kivételével), és
tobbnyire a késd neolit Lengyel-kultirahoz kothetdk az egyediili tiszantuli darab kivételével,
amely a késo neolitikus Tisza-kultirahoz kotheto.

A vizsgalat soran kizardlag roncsoldsmentes analitikai modszereket alkalmaztunk
(makroszkdpos megfigyelés, magneses szuszceptibilitds mérés, 1j roncsolasmentes ,,eredeti
felszin médszer” SEM-EDX, Prompt Gamma Aktivacios Analizis). Ezeknek a eredményeknek
az alapjan az Oskori kéeszkozoket nyersanyagtipusuk szerint csoportositottuk. Adataink alapjan
a Magyarorszagon fellelt magas nyomaés-alacsony homérsékleti (HP-LT) metaofiolit
koeszkdzok valdsziniileg ugyanabbdl a nyersanyagforrasbol szarmaznak, mint az olaszorszagi
HP metaofiolit kdeszkozok, vagyis a nyersanyagforras a mai ENY Olaszorszag teriiletén
helyezkedett el. A témaval foglalkoz6 szakirodalom szerint mind az elsédleges (Nyugati-Alpok
a piemonti Monviso kornyékén vagy a liguriai Voltri-masszivum), mind a masodlagos
eléfordulasok (a Po, Staffora és Curone folyok negyediddszaki lerakodéasaiban) potencialis
nyersanyagforrasok. Vizsgélataink eredményei megerdsitették a Po-siksagot a Karpat-

medencével dsszekotd hossza tava kereskedelmi utvonalak 1étezését a Kr. e. V. évezredben.

Kulcsszavak: Neolitikus csiszolt kdszerszamok, Na-piroxenit, jade, eklogit, szarmazasi

hely, roncsolasmentes PGAA és ,,eredeti felszin médszer” SEM-EDX-szel.
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IV/3. Introduction

Finely elaborated, large sized polished stone artefacts (axes and adzes, blades, chisels) made
of Alpine-origin high pressure (HP) metaophiolite rocks are distributed over a large territory of
Western Europe (Pétrequin et al. 2012a, 2017c¢). Best quality jade implements are present from
Scotland (Pétrequin et al. 2012a) through South Scandinavia (Klassen 2012) to Spain
(Dominguez-Bella et al. 2015). Good quality HP metaophiolite rock types suitable for making
polished stone implements, like jade and eclogite, are absent from the geological formations of
the Carpathian Basin and its surroundings. This raw material type was unknown among
Hungarian findings until 2008 (Friedel et al. 2008) and still this is one of the rarest raw material
types for polished stone implements in Hungary. The archaeometric investigation of this raw
material is very important because of its scarcity and distant origin. The nearest geological
locality where these raw materials can be found is over 1000 kms away. The specific form and
integrity of these stone implements imply that presumably they were transported as complete
artefacts.

Before its first publication by Friedel et al. (2008) the HP metaophiolite stone tools were
hidden in large and old (even dated back to the 19" century) museum collections, without
recognition of their special raw material and importance. After the first mention of these finds
detailed petrological investigations of large stone implement collections (Mihaldy and
Ebenhoch collections; see below in details) revealed their presence in relatively large number.
The research was also stimulated by the results of international collaborations (JADE1-2 (2007-
2010, 2013-2017), IGCP-442 (1999-2002))” focusing on the systematic investigation of Alpine
raw materials essential in Neolithic stone tool manufacturing networks. Szakmany et al. (2013)
published the first detailed information (in Hungarian) on three pieces of stone implements
made of HP raw material, belonging to the collections accumulated by F. Ebenhoch and 1.
Mihaldy. In 2014, several further pieces of HP stone implements were found in the Ebenhoch
collection and other museums of Hungary, moreover at new excavations. Bendo et al. (2014)
published the petro-mineralogical and geochemical investigations of the initial 3 and further 10
stone findings with sample-by-sample description.

According to our current knowledge, a total of 25 HP metaophiolite stone implements are
known from Hungary and in Hungarian museum collections for the neighbouring area (Figure

1V/I). Unfortunately, most of these objects are stray finds, but 11 pieces have a known

7 JADE: Jade. Grandes haches alpines du Néolithique européen (2007-2010)

JADE?2: Objets-signes et interprétations sociales des jades alpins dans 1I’Europe néolithique (2013-2017)

IGCP 442 International Geological Collaboration Project, Raw materials of the Neolithic/ Aeneolithic polished
stone artefacts (1999-2002)
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Legend/Jelmagyardzat:
Archaeological sites are marked
with numbers:

Szdmmal _jelélt  régészeti leld-
helyek:

1: Szombathely-Olad

2: Zengdbvdrkony

3: Alsonyék

4: Hddmezdbvdsdrhely-Gorzsa
Localities of stray finds are
indicated with open symbols:

A szorvdnyleletek lel6helyei nyitott
szimbdlumokkal jelblve
Pentagon/Otszég: Zirc

Circle/Kér: Ldbod
Triangle/Hdromszg:

Figure IV/1. Localities of high pressure metaophiolite Iszkaszentgyorgy

stone tools in Hungary and in Hungarian museum collections Source areas of archaeological
for the neighboring area. collections are outlined with grey

hues:
IV/1. dbra. A nagynyomdsu metaofilit nyersanyagu A naqy archeolégiai gydjtemények
kbeszkéz6k magyarorszagi lel6helyei. Kiilén jeldlve a forrdsteriiletei sziirkével jelélve:

nevesitett muzeumi gydjtemények lel6helyei. Dots/Péttyék: Ebenhéch collection

Dashed field/Szaggatott vonallal
jelélt teriilet: Mihdldy collection

archaeological context from four localities, namely Alsonyék (5 pcs.), Zengdvarkony (3 pcs.),
Szombathely-Olad plateau (2 pcs.), Hédmezovasarhely-Gorzsa (1 piece). Most of these
artefacts were found in Transdanubia and connected to the Late Neolithic Lengyel Culture
(5000/4900-4500/4400 BC, Regenye 2001; Zalai-Gaal 2001; Visy ed. 2003; Diaconescu 2014),
only one piece turned up in South-Eastern Hungary in the Great Hungarian Plain
(Hodmezovasarhely-Gorzsa) from the Late Neolithic Tisza Culture (Horvath 1987, 2005).

IV/4. Previous studies on HP greenstones

The raw material of greenish coloured prehistoric polished stone implements includes
several different rock types (e.g. contact metabasite, greenschist, serpentinite, nephrite, HP-LT
metaophiolites). HP-LT metaophiolites are divided into two basic groups according to their
garnet content: eclogite (garnet-bearing) and Na-pyroxenite (without or almost without garnet).

The first comprehensive classification and nomenclature of HP metaophiolite rocks
significant in the European Prehistoric polished stone implement production was proposed by
D’Amico et al. (2003). They investigated the major mineralogical constituents and the bulk
chemical composition (emphasizing the Fe/Mg ratio) but the classification is mainly based on
the chemistry. The studied rocks have been categorized as eclogites (Fe-eclogite, intermediate
eclogite, Mg-eclogite), omphacite(-jadeite) schist, and jades (jadeitite, Fe-jadeitite,
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omphacitite, Fe-omphacitite, Mg-mixed jade, Fe-mixed jade). Most recently, Giustetto and
Compagnoni (2014) proposed a new classification consistent with the recommendations of the
Subcommission on the Systematics of Metamorphic Rocks (SCMR) of the International Union
of Geological Sciences (IUGS). This grouping is based solely upon the quantification of the
major mineral phases and neglects the consideration of the bulk chemical composition. It
differentiates Na-pyroxenites (jadeitite, mixed pyroxenite (Omp-Jd pyroxenite, Jd-Omp
pyroxenite), omphacitite) and Na-pyroxene + garnet rocks (grt-omphacitite, eclogite, omp-
garnetite, garnetite).

The reason for ignoring the bulk rock chemistry by Giustetto and Compagnoni (2014) was
explained with the inappropriate aspect of chemical analyses (e.g. scanning electron
microscopy with energy dispersive spectrometry (SEM-EDS) or X-ray fluorescence analysis
(XRF)) for archaeological implements. However, in this study we applied the completely non-
destructive Prompt Gamma Activation Analysis (PGAA) which provides the average chemical
composition of a few cm® irradiated heterogeneous sample volume. Hence, we decided to
primarily apply the chemistry-sensitive grouping of D’Amico et al. (2003), though the
classification into the newer nomenclature of Giustetto and Compagnoni (2014) is also done.

Eclogites contain a large amount of garnets in addition to the Na-pyroxenes (at least 5 wt%
according to D’Amico et al. 2003; at least 25 wt% according to Giustetto and Compagnoni
2014). The predominant Na-pyroxene is omphacite, but jadeite dominated eclogites do exist as
well. These rocks can contain some accessory minerals, like rutile, zircon, ilmenite, apatite and
titanite. Stone tools made of eclogite were used as woodworking tools by the prehistoric people
of northern Italy starting from the beginning of the Neolithic period. As a raw material, the
eclogite group is more widespread. However as material for stone tools they have only a local
(regional) predominance (D’Amico 2005; D’ Amico & Starnini 2012; Pétrequin et al. 2012a).

Na-pyroxenites consist predominantly (more than 80 wt%) of different Na-pyroxenes (e.g.
jadeite and omphacite, sometimes aegirine and/or aegirine-augite). Garnet is present in less than
5 wt% concentration or only occasionally. These rocks have some accessory minerals (e.g.
rutile, zircon, ilmenite, apatite and titanite). The exceptionally shaped and finished stone
implements made of jade can be found all over North-Western Europe (Pétrequin et al. 2012a,
2017a). They are interpreted by the archaeologists as symbols of power and/or religion and/or
wealth rather than as common working tools. Na-pyroxenites as a raw material can be found
only in very limited areas and in relatively small quantities. However, stone implements made
of this raw material can be found more than 1500 km away from the source areas (D’ Amico

2005; D’Amico & Starnini 2012; Pétrequin et al. 2012a).
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Table 1V/1 Schematic comparative chronological, metamorphic P-T conditions, pro- and retrograde mineralogical and textural characteristics of European Na-pyroxenite and
eclogite localities, with references

1V/1. Tablazat: Az eurdpai Na-piroxenitek és eklogitok vazlatos dsszehasonlito tablazata, kronologiai, nyomds-hémérsékleti, metamorf dsvanytani és szoveti jellegzetességek alapjan.

(Monviso, Voltri
Massif)

eclogite facies

px (Fe-Jd, Omp)(relict cloudy core with Ttn) + Lws
(pseudomorphs in omphacitites) + Grt (atoll structured)
+ small-sized Zrn (a few micrometers, blocky prismatic
or tiny single crystals or crystal aggregates) + Ap + Aln
+ Mnz + Rt + Spn = [Im + Pg + Ph

aggregates of Ab, Anl (Chl, Gln,
Act, Ep, Zo)

Locality Age and conditions of Texture and mineralogy Retrograde overprint References
peak metamorphism
Na-pyroxenites
Western Alps Alpine, lawsonite- isotropic microstructure, (saccharoidal texture); Jd-rich | only submicroscopic dusted Tsujimuri & Harlow 2012, Harlow et

al. 2015, Castelli et al. 2002, Groppo
& Castelli 2010, Angiboust et al.
2011, 2012, Compagnoni et al. 2007,
2012

Aegean Sea (Syros,
Tinos)

Alpine; Syros: T=270—
500 °C, P=0.8-1.8 GPa
Tinos: T=450-550 °C,

P=1.2-2.0 Gpa

Jd, Zrn + Ttn (white mica, Rt inclusions)

extended, Ab, Chl, Anl

Dixon & Ridley 1987; Brocker et al.
1993, Brocker & Enders 1999;
Brocker & Keasling 2006; Bulle et al.
2010, Fu et al. 2012, Pétrequin et al.
2017b

Eclogites

Rhodope

Pre-Cambrian, P=0.9—
1.2 GPa, T=450-550 °C

stripped structure; Grt + En + Di + Ol + Spl + Srp

extended

Kozhoukharova 1980, 1996, 2010

Bohemian Massif

Variscan, P=2 GPa,
T=600-650 °C,
Moldanubicum: eclogite
(T=710 °C, P> 1.5 GPa)
to MP-HP granulite
facies (T=700-800 °C,
P=0.7-1.2 GPa)

coronitic texture; Miinchberg: Omp + Grt + Qz + Rt +
Hbl/Ky/Ph/Zo, Erbendorf: Grt (inclusions of Qz, Rt,
Opq) + Cpx + Opx (exsolution lamellae of Cpx) + Po
(with lamellae of Pn, intergrown with Ccp),
Moldanubicum: Grt (rimmed by a radial, kelyphite-like
symplectite of Mg-Hst + P1 + Spl) + symplectitic Px +
Amp + Omp + Rt (groundmass Rt replaced by Ilm +
Spn) £ Qz + Ky (replaced by symplectitic Hc + An) +
Zo

MP amphibolite-facies
metamorphism: Grt (Hc, acicular
Amp, Chl inclusions) + Cpx
replaced by Hbl coronas + Cpx +
PL; Cpx > symplectite of Cpx +
Hbl; Opx > Bt, Rt > [lm

Busch 1970, O'Brien, 1989 Dudek &
Fediukova 1974, Okrusch et al. 1991,
Beard et al. 1992

Western Carpathians
(Veporic Unit)

Variscan, P=2.5 GPa,
T=700 °C

rarely preserved primary mineral composition (Omp +
Grt + Ph + Rt + Zo + Qz £ Amp

amphibolite to greenschist
facies: Omp > symplectites of
Cpx (lower Na-Al content) +
Na-Pl, Amp (Prg, Hbl, Act)

Janak et al. 2007, Hovorka et al. 1994
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Table IV/I — continued
1V/1. Tablazat — folytatas

Locality

Age and conditions of
peak metamorphism

Texture and mineralogy

Retrograde overprint

References

Ligurian Alps (Savona

Variscan, P=1.7 GPa,

Grt (euhedral porphyroblasts, Alm 49—62% + Grs 19—

Di-Andesine symplectites, Grt

Giacomini et al. 2007, Messiga et al.

Crystalline Massif) T=650-750 °C 29% Prp 13-27% + Sps <3%; zoned decrease in Mn rimmed by kelyphites of green | 1992

and Ca, and increase in Mg/(Mg+Fe) from core to rim) | Amp + PI

+ Omp (Jd 32-41%) + Zo + Rt + Ky (rimmed by Ms +

Qz) + Ph+ Qz
Western Alps Alpine, P=up to 2.6-2.7 | Grt (atoll-like texture, many inclusions, Alm-rich, if blueschist to greenschist facies: | Castelli et al. 2002, Beltrando et al.
(Monviso, Voltri GPa, T=480-550 °C zoned then Sps varied) + Omp-rich Px (less Jd, Fe- Gln, Tr-Act, Ep, Chl, Ab, zero to | 2010, Angiboust et al. 2012, Pétrequin
Massif) Jd)(cloudy core crowded with very fine-grained, moderate deformation etal. 2017b

oriented inclusions of Ttn) + Rt + Ilm + Spn + Zo + Pg
+ Zrn = Ap (Mnz, Aln), mylonite may occur,
sometimes late neoblastic Omp needles

Sivrihisar Massif

Alpine, P=2.6 GPa,

Omp + Grt + Lws + Ph + Rt £ Gln + Qz + Ep + Ttn,

partially retrogressed (still Omp

Carpenter 1979, Davis & Whitney

(Turkey) T=500°C (lawsonite pristine (Omp + Grt + Ph) + Grt, partly replaced by Chl, 2006
eclogite); P=1.8 GPa, Ep, white mica, Gln) to
T=600°C (epidote completely retrogressed (Chl +
eclogite) Ep)
Aegean Sea (Syros, Alpine, epidote- non-schistose matrix; Omp + Grt (porphyroblasts up to | Gln, Ep, Chl, Ab Okrusch & Brocker 1990, Seck et al.

Sifnos, Tinos)

blueschist to the eclogite
facies, P=1.2-2 GPa,
T=450-500 °C

5 mm, inclusions of Rt + Omp) + Rt + Spn & Ph + Pg +
Qz+ Ap

1996, Bulle et al. 2010, Fu et al. 2012,
Dixon & Ridley 1987, Putlitz et al.
2005

Betic Cordillera (Iberian
Peninsula)

Alpine, LT

porphyroblastic, coronitic texture (large, diversely
oriented Omp crystal aggregates in a matrix of
intergrown Ab + Ep); aggregate of Omp + Amp
rimmed by Grt (former Ol) , fine-grained aggregate of
Ab + Czo (former Ca-Pl), [Im > Rt (needle-like
inclusions in Omp)

Grt + Omp > Na-Ca Amp + Na-
P, strong textural deformation

Puga et al. 1989, 2013, Lozano et al.
2017
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These two groups of HP metaophiolites are formed under the same conditions, of high
pressure (dominantly 0.6-2 GPa) and generally low (<550 °C) to medium temperature (>550
°C), mainly subduction related metamorphism from basaltic protoliths (Tsujimori & Harlow
2012). HP-LT metaophiolites can be found in Palaeozoic to Cenozoic orogens around the world,
in the Caribbean, the circum-Pacific, the Alpine-Himalayan and the Caledonian belt, and also
as xenoliths in kimberlitic pipes in the Colorado Plateau (USA) (see Tsujimori & Harlow 2012
for details).

Considering the archaeological context, only the European HP-LT metaophiolite localities
belonging to the Alpine-Himalayan belt have been taken into account as potential sources in
this study. The European jadeitite sources are the Monviso and the Voltri Massif (in Italy,
Western Alps), and Syros and Tinos Islands (in Greece, Cyclades, Aegean Sea) ( Tsujimori &
Harlow 2012, Harlow et al. 2015). The European eclogite sources are widely distributed. Pre-
Alpine (Variscan) eclogites are known from the Bohemian Massif in Germany and the Czech
Republic (Okrusch et al. 1991, Beard et al. 1992), the Veporic Unit of the Western Carpathians
in Slovakia (Jandk et al. 2007, Hovorka et al. 1994), the Ligurian Alps in Italy (Giacomini et al.
2007), and the Rhodope Massif in Bulgaria (Kozhoukharova 1980, 1996, 2010). In addition,
eclogite pebbles deriving from the Bohemian source are also described from the alluvial gravel
of the Danube in Hungary (Horvath et al. 2005) and Slovakia (Hovorka & Ill1aSova 2002). The
Alpine-type eclogites are distributed in the Western Alps (Castelli et al. 2002, Beltrando et al.
2010), Turkey (Carpenter 1979, Davis & Whitney 2006), the Aegean Islands (Syros, Sifnos,
Tinos) (Okrusch & Brocker 1990, Seck et al. 1996, Bulle et al. 2010, Fu et al. 2012) and the
Betic Cordillera in the Iberian Peninsula (Puga et al. 1989, 2013). Characterization of the
metamorphism (age and conditions), the pro- and retrograde mineralogical compositions and
textures found in the above listed localities are summarized in Zable IV/1.

IV/5. Methods

Due to the predominance of valuable complete artefacts in the studied assemblages, only
non-destructive analytical methods were used in this study. Firstly, macroscopic and
stereomicroscopic observations have been made, coupled with magnetic susceptibility
measurements. The basic petrographical descriptions and the first grouping were made by
means of hand lens and stereomicroscope (magnification range 10-100X). Magnetic
susceptibility (MS) measurements were made with a portable Kappameter KT-5. Real MS
values were calculated with different corrections of size and thickness (Williams-Thorpe et al.
2000; Bradak et al. 2005, 2009). After these basic investigations scanning electron microscopy
with energy dispersive spectrometry (SEM-EDX) in a non-destructive mode (Bendo et al. 2012,
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2013) was used to perform detailed mineral
chemical analyses and textural investigation.
Prompt Gamma Activation Analysis (PGAA)
was used to determine the average bulk

concentrations of major and some trace

elements on a few cm® volume of each sample.

The non-destructive version of SEM-EDX

allows in situ textural and mineral chemical

studies on the original surface of the
archaeological artefacts without any damage

(Bendo6 et al. 2012, 2013). Due to the lack of

the traditional detailed textural descriptions by
Figure IV/2. Sample preparation for non-

destructive SEM-EDX analysis on the original ~ petrographic  microscope (which 1s a
surface of the artefacts. (a) Sample 3127 mounted
to sample holder of SEM. (b) Sample 39/1903
prepared for investigation by wrapping in  of the samples is restricted to a more general

aluminium foil. The foil has a window and the o )
samp/e was Carbon_coated for the jnvest—,'gat—ion Standard (Wthh 1S baSCd on the ObSGI'VatIOIl Of

only on the small area of interest.

destructive method), textural characterization

the back scattered electron (BSE) images and
IV/2. dbra. MintaelSkészités a kbeszkdz
eredeti felszinének roncsoldsmentes SEM-EDX
V/ZSg(fl/GfG szamdra. (0) 3127-es minta bekészitve e.g. grain boundaries) phases Of Simﬂar grey
vizsgdlatra a SEM mintatartdjdara. (b) 39/1903
minta el6készitve vizsgdlatra. A minta alufdlicba values). All of the BSE images and EDX
van csomagolva, a folia a vizsgdlat tervezett
helyén ki van vdgva és a vizsgdlandd feliilet be van
szenezve. destructive method at the Department of

hence has limits concerning the visibility of

analyses of this study were made by this non-

Petrology and Geochemistry, Institute of Geography and Earth Sciences, E6tvos L. University,
Budapest. The instrument is an AMRAY 1830 scanning electron microscope equipped with
EDAX PV9800 energy dispersive spectrometer. The conditions of analysis were 20 kV
accelerating potential, 1 nA beam current, ~50-100 nm focused electron beam diameter, and
100 sec measurement time (livetime). Our SEM, equipped with a quite large sample chamber,
allows examining samples up to 300x200x55 mm (Figure IV/2a). The sample chamber has a
manual five-axial (X, Y, Z, R, T) moving system which helps to approach a horizontal state of
the irregular surface for the most precise measurements. Since the investigations were done in
vacuum (107 Pa), producing a conducting layer on the sample surface was necessary. The
cleaned samples were wrapped into aluminium foil (to conduct electric charge), with a window
in the foil, and the sample was carbon-coated (by a JEOL JEE-4B type vacuum evaporator) for

the investigation of only the small area of interest (1-2 cm?) (Figure 1V/2b). The carbon coating
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can be easily removed by water or organic solvent (e.g. mineral spirit aka petroleum ether) after
the investigation without any damage or surface change to the valuable archaeological artefacts.
For the quantitative mineral chemical measurements, ZAF corrections and standardizations
were applied. The following international mineral standards were used: albite (Amelia #
AS5010-AB), orthoclase (MAD-10), augite (ENM-augite), chromite (Australia, C. M. Taylor
Company), titanite (C. M. Taylor Company), kaersutite (Glen Innes, Australia, C. M. Taylor
Company), biotite (LP-6), apatite (Wilberforce apatite # AS1040-AB), Ba-, Zn-, U-containing
artificial glass (K-378F. G.), olivine (AS5200-AB), spessartine (garnet No.3d.) (Bendd et al.
2013), jadeite (SPI #AS1195-AB), omphacite (Smithsonian Microbeam Standard, SMS,
NMNH 110607), garnet (SMS, NMNH 87375) and pyrope (SMS, NMNH 143968) (Bend¢ et
al. 2014).

Non-destructive PGAA was performed at the Budapest Research Reactor operated by the
Centre for Energy Research, HAS. The method (see for details in Révay 2009; Szentmiklosi et
al. 2010) is suitable for the quantitative determination of the average concentrations of the major
components (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, and as a specialty of the method, precise
detection of H; e.g. Lindstrom et al. 1994, Anderson & Kasztovszky 2004, Paul & Lindstrom
2012, Turkoglu et al. 2017) and of some trace elements (B, Cl, Nd, Sm, Gd) in a few cm’
volume. Concentrations of major elements are calculated in wt% and, as a convention in
geochemistry, are given in oxide forms, calculated according to the oxidation numbers. The
thermal equivalent beam intensity was 7.75*10” cm™?*s™!. A calibrated Compton-suppressed
HPGe detector was used to detect prompt gamma spectra, and Hypermet PC software was used
for evaluation (Molnér et al. 2002, Révay et al. 2005). In the case of the measurements made in
this study, the typical acquisition time was between 1600 and 7000 seconds. The collimation
size of the neutron beam was between 5 mm? and 2 cm?.

IV/6. Materials

The 25 artefacts analysed are from various localities within Hungary, some of them derived
from archaeological excavations of prehistoric sites. Others from specific collections and some
stray finds came from old collections of various museums (7able 1V/2).

The Mihaldy collection was accumulated by Istvan Mihaldy (1833—-1901), the vicar of
Bakonyszentlaszlo, it contains 378 polished stone tools, now curated in the Laczkd Dezso
Museum in Veszprém. Unfortunately, the exact provenance of the pieces was lost: However, it
is known that all the samples were found in different sites in the Bakony Mts. and its
surroundings (Horvath 2001; Fiiri et al. 2004). One piece of HP metaophiolite artefact (No.
55.1276.) was found in this collection.
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The Ebenhoch collection was piled up by Ferenc Ebenhoch (1821-1889), and it contains
more than 700 polished stone tools. It is now a part of the Prehistoric Collection of the
Hungarian National Museum in Budapest. The artefacts were found in Western Hungary and in
the territory of Upper Hungary (todays Slovakia) (Ebenhdch 1876; Friedel et al. 2011). Ten
pieces of HP metaophiolite stone tools have been found in this collection so far (see in Table
1V/2). Another polished artefact belonging to the Prehistoric Collection of the Hungarian
National Museum, Budapest is also made of HP metaophiolite and was collected from
Iszkaszentgyorgy (No. 39/1903) (Bir6 et al. 2017).

Szombathely-Olad plateau was a Late Neolithic settlement and ritual center. Almost 100
pieces of anthropomorphic clay idols were found there (Ilon 2007). Chronologically, the site
represents a transitional stage of the Lengyel culture between the early and the classical periods
(Lengyel Ib, Kalicz 2007). Two very small fragments of HP metaophiolite stone implements
were found there (No. Olad-321, Olad-329).

The polished stone artefacts from Zengdvarkony settlement and cemetery of the Lengyel
Culture were investigated previously (Biro et al. 2003) but are now reconsidered for
provenancing HP metamorphites. Three HP metaophiolite artefacts (No. n5/47-1939, n1/81-
1938, n11/169-1938) were located, all of them found in graves.

Alsonyék is the largest known cemetery and settlement of the Lengyel Culture, excavated
during preventive archaeological operations. The evaluation of the site data is in progress
(Zalai-Gaal et al. 2011). Five HP metaophiolite artefacts (No. M6-2010.10B.792.2., M6-
2010.10B.3060.1., M6-2010.10B.6348.1., M6-2010.10B.6380.1., M6-TO.10/B.6320.) have
been identified, all of them found in graves.

Hodmezoévasarhely-Gorzsa is a well-known Late Neolithic (Tisza culture) tell settlement.
The site lies at the confluence of the Tisza and Maros rivers in the Great Hungarian Plain, north
of Szeged. Approximately 1000 square meters of the tell settlement were excavated so far and
more than 1000 stone artefacts were collected in a controlled stratigraphical context (Horvath
F. 1987, 2005; Szakmany et al. 2008; Starnini et al. 2015). One HP metaophiolite small polished
adze blade (No. 99.3.1863.) represents the easternmost example (the only one to the East of the
river Danube) of HP stone tools in Hungary so far.

A single axe/adze of HP metaophiolite (No. 3127 RRM) was found at Labod and registered
in the Rippl-Ronai Museum at Kaposvar. The artefact is on long-time loan for exhibition at
Balatonboglar (Somogy county, Hungary). A unique sample (No. Zirc 81/W2 5) belonging to a

private collection owned by Erné Wolf was found at Zirc and was also included into this study.
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Table 1V/2 General information of the investigated 25 HP metaophiolite stone tools identified in the Hungarian archaeological record. Inventory information and archaeological
description (typology after Pétrequin et al. 2017a), colour, Munsell colour (* codes of the Munsell colour chart indicate the colours of the base rock; —>: hues in the order of frequency,
v: veins, p: patches), magnetic susceptibility data, and macroscopic description of the raw material (typology after D ’Amico et al. 2003).

IV/2. tabldzat: Altaldnos informdcick a Magyarorszagon azonositott és megvizsgalt 25 db HP metaofiolit anyagii kéeszkozrdl. Leltari informdcick, régészeti leirds, tipologizdlds
(Petrequin et al. 2017a alapjan), szin, Munsell szinek (szinkod jelzi a kdzet alapszinét; -> szindrnyalatok a gyakorisag sorrendjében, v: ér, p: folt), magneses szuszceptibilitas adatok,
rovid makroszkopos leirdas és a nyersanyag tipologizalasa (D’ Amico et al 2003 alapjan).

Raw material

Inv;ntory Location Context Museum/Owner . Ty‘pe (flis LG Colour Munsell e vfl lue Te)fture/ - tyl;;s(:leftnf:);he
0. Pétrequin et al. 2017a) (Ix wx h, mm) colour* (x10~ SI) Macroscopic description R,
D'Amico et al.
2003)
55.1276 Bakony stray Mihaldy Collection, | flat, elongated, triangular adze, cross 95x50x 19 medium- 5G2.5/1—> 0.17 homogeneous, dark green matrix jadeitite
(Veszprém LDM, Veszprém section: oval, Chelles type dark green 5G 3/2; with lighter veins/patches, small
environs) v:5G 4/2 (<1 mm) white sub-anhedral
crystals
66/1883.41 Farnad stray Ebenhoch Collection, | flat, elongated, lingular adze, cross 89x50x 14 dark green 5G 3/1 => 0.35 inhomogeneous, strongly Mg-eclogite
Farna (Sk) HNM, Budapest section: lense, Durrington type 5G5/2 foliated, alternating medium and
dark green bands, some 1-2 mm
light green grains
66/1883.147 (Komarom) stray Ebenhoch Collection, | flat, strongly elongated, triangular 90x42x 14 medium- 5G 3/1 —> 0.11 homogeneous, weakly oriented, jadeitite
Szentpéter HNM, Budapest adze, cross section: rectangular dark green 5G5/1 medium green matrix with large
Svaty Peter (Sk) dark green patches, some 1-2
mm light green grains, dark-light
green veins
66/1883.173 Sz6gyén stray | Ebenhoch Collection, | flat, elongated, lingular adze, cross 91x49x 14 light- 5G 8/1 = 0.58 inhomogeneous, slightly Mg-eclogite
Svodin (Sk) HNM, Budapest section: D shaped, Durrington type medium 5G2.5/1 oriented/foliated, light green
green matrix with many dark green
veins and patches, <I mm dark
green-black grains (omphacitic
garnet), one side is dark green
106/1882.58 Mogyorod?/ stray | Ebenhdch Collection, | flat, elongated, lingular adze (broken 53x47x 14 medium- 5G2.512—> 0.27 inhomogeneous, foliated, dark omphacitite
Mogyoros? HNM, Budapest butt), cross section: oval, Durrington dark green 10GY 5/1 green matrix with lighter veins
type and irregular patches, some light
green subhedral crystals
117/1884.130 Lekér stray Ebenhoch Collection, | flat, strongly elongated, triangular 78x32x 15 medium 5G 4/2 —> 0.10 homogeneous, slightly jadeitite
Hronovce (Sk)? HNM, Budapest adze, cross section: oval green 5G2.5/1 oriented/foliated, medium green

matrix with lighter vein network
and other green patches, some
light green 1-2 mm grains, some
3-4 mm dark green grains
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Table IV/2 — continued
1V/2. tablazat - folytatas

Raw material
q . type (after the
Inventory No. Location Context Museum/Owner . Ty‘pe Dimensions Colour e il vf lue Textl.lre and. . system of
(after Pétrequin et al. 2017a) (Ix wx h, mm) colour* (x10~ SI) macroscopic description A
D'Amico et al.
2003)
117/1884.213 Vamosladany stray Ebenhoch Collection, flat, triangular adze (broken butt), 24x28x 7 dark green, | 5G2.5/1 = 0.22 slightly inhomogeneous, dark Fe-eclogite
Mytne Ludany HNM, Budapest cross section: oval black 5G 3/2 green matrix with lighter patches,
(Sk) brown 0.5-2 mm garnet crystals,
sometimes in bands (foliated?)
141/1882.44 (Garam)Ko6vesd stray | Ebenhoch Collection, | flat, weakly elongated, lingular adze, 65x43x 11 light green 5G 7/2;e: 0.13 slightly inhomogeneous, light jadeitite
Kamenica nad HNM, Budapest cross section: thin lense, thin 5G 2.5/2; p: green matrix with dark green
Hronom Durrington type 5G 4/2 veins, medium green and white
(Sk) patches, <1 mm dark green-black
grains
177/1872.1/2. unknown stray Ebenhoch Collection, | flat, weakly elongated, lingular adze, 83x49 x 20 medium 5G5/1 —> 2.02 homogeneous, slightly Fe-eclogite
(Vét (Sk)?) HNM, Budapest cross section: oval, Durrington type green 5G 4/2 oriented/foliated?, medium green
matrix with dark green patches,
dark green-black grains, mm
sized garnets
300/1876.247 Almasneszmély stray Ebenhoch Collection, | flat, triangular adze, cross section: 40x28x7 medium- 10 GY 3/2- 0.47 homogeneous, dense, massive, Fe-jadeitite
HNM, Budapest lense, Varna type dark green 5G3/2 some dark green patches, few
garnets
300/1876.264 Bakonypéterd stray Ebenhoch Collection, | flat, elongated, triangular adze, cross 57x34x12 light green | 5G 6/1-10G 0.10 homogeneous, dense, massive, jadeitite
HNM, Budapest section: oval 6/2 some white patches
39/1903 Iszkaszentgyorgy | stray Prehistoric flat, strongly elongated, lingular 118 x50x 18 medium 5G 3/2-5GY 0.27 homogeneous, alternating white Fe-jadeitite
Collection, HNM, adze, cross section: lense, Greenlaw green- 2/1 and dark green (black) patches,
Budapest type greenish elongated dark green crystals,
black few garnets
3127 RRM Labod stray Rippl-Ronai elongated, lingular adze, cross 90 x 48 x 23 medium 5GY 3/2 0.37 homogeneous, medium green Fe-jadeitite
Museum, Kaposvar section: oval, Chelles type green matrix with light green veins,
dark green patches
Zirc 81/W2 5 Zirc field private collection, flat, weakly elongated, triangular 37x30x 10 light greyish 5G 6/1 0.19 slightly inhomogeneous, light mixed jade
survey Wolf Erné adze, cross section: oval green green patches
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Table 1V/2 — continued
1V/2. tablazat - folytatas
Raw material
Inventory Type (after Dimensions Munsell MS value Texture/ Ltk (e (i
Location Context Museum/Owner R k Colour 3 R Avn system of
No. Pétrequin et al. 2017a) (Ix wx h, mm) colour* (x10~ SI) Macroscopic description A
D'Amico et al.
2003)
M6-2010- Alsonyék Lengyel Institute of flat, triangular adze, cross section: D 64 x40x 12 medium 5G 4/1; p: 0.44 inhomogeneous, banded, Fe-jadeitite
10B.792.2 Culture, Archaeology, shape green 5G 6/1 foliated, medium green matrix
grave Research Centre for with light green bands and dark
Humanities, HAS green patches, 1-2 mm black
sub-anhedral crystals
M6-2010- Alsényék Lengyel Institute of flat, elongated, triangular adze, cross 45x31x 10 medium 5G 5/2; p: 0.15 homogeneous, slightly foliated, jadeitite
10B.6348.1 Culture, Archaeology, section: D shape green 5GY 7/1 alternating light and medium
grave Research Centre for green bands, black, max. Imm
Humanities, HAS eu-subhedral crystals, 2 large-
sized (9 and 5 mm) white-light
green patches, 2 large-sized (3
and 4 mm) inhomogeneous dark
grey patches
M6-2010- Alsonyék Lengyel Institute of flat, elongated, triangular adze, cross 103 x49x 17 medium- 5G 2.5/2; 0.21 homogeneous, fine-grained, jadeitite
10B.6380.1 Culture, Archaeology, section: lense dark green bands: 5G translucent matrix with light or
grave Research Centre for 4/1 dark green patches, 3 light green
Humanities, HAS paralel bands on its butt
Mé6- Alsonyék Lengyel Institute of flat, elongated, lingular adze (broken 71 x60x 18 medium 5G 6/1 => 0.34 homogeneous, strongly foliated, mixed jade
T0.10/B.6320 Culture, Archaeology, butt), cross section: oval, Durrington green 5G2.5/1 alternating medium and light
grave Research Centre for type green bands, some 1-2 mm white
Humanities, HAS grains, and brown grains (rutile
crystals, strained)
M6-2010- Alsényéek Lengyel Institute of thick, strongly elongated, triangular 116 x 50x 22 dark green- | 10BG 2.5/1 0.95 homogeneous, foliated, Fe-eclogite
10B.3060.3 Culture, Archaeology, adze, cross section: oval, Chelles black alternating different green bands,
grave Research Centre for type some max. 2 mm brown and
Humanities, HAS green grains (garnet), 2-3 mm
pyrite
N5/47-1939 Zengbvarkony | Lengyel JPM, Pécs flat, weakly elongated, triangular 40x30x8 dark green- 10B 2.5/1; 0.19 homogeneous, slightly oriented, glaucophane
Culture, adze, cross section: oval black p,v: 5G 2.5/1 black matrix with green veins, schist
grave small white sub-anhedral
crystals-aggregates, red garnets?
N1/81-1938 Zengdvarkony | Lengyel JPM, Pécs flat, elongated, triangular adze, cross 62x39x 12 light- 5G 4/2 —> 0.20 homogeneous, alternating mixed jade
Culture, section: flat D shape medium 5G 3/1; p: different green bands, many
grave green 10Y 7/1 white <0.5 mm nodules (altered
garnets?), some 1-2 mm eu-
subhedral dark green crystals
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Table IV/2 — continued
1V/2. tablazat - folytatas

Raw material
Inventory Type (after Dimensions Munsell MS value Texture/ Ltk (e (i
Location Context Museum/Owner R k Colour 3 R ] system of
No. Pétrequin et al. 2017a) (Ix wx h, mm) colour* (x10~ SI) Macroscopic description A
D'Amico et al.
2003)
NI11/169-1938 Zengdvarkony | Lengyel JPM, Pécs flat, strongly elongated, triangular 58x31x11 dark green 5G 4/2 —> 0.39 homogeneous, alternating Fe-mixed jade
Culture, adze, cross section: lense, Durrington 5G 2.5/1 medium and dark green patches,
grave type garnets, some max. 2 mm rutile
crystals
Olad-321 Szombathely, Lengyel Savaria Museum, butt fragment of flat adze, cross 17x9x6 medium 5G5/2 0.03 homogeneous, medium green Fe-eclogite
Olad Culture, Szombathely section: rectangular green, red matrix with red garnet crystals
settle-
ment
Olad-329 Szombathely, Lengyel Savaria Museum, butt fragment of flat adze, cross 20x27x 10 medium 5G5/2 0.03 homogeneous, alternating light Fe-mixed-jade
Olad Culture, Szombathely section: oval green, and medium green patches, some
settle- blueish small white crystals, 0.5 mm
ment garnets
99.3.1863 Hédmez6vasar- | Lengyel Mora Ferenc flat, weakly elongated, triangular 43x31x10 medium- 5GY 3/1 = 0.24 inhomogeneous (brecchiated), Fe-mixed jade
hely-Gorzsa Culture, Museum, Szeged adze, cross section: oval, Varna type dark green 5G2.5/1 medium-dark green matrix with
settle- white and dark green-black
ment patches and veins, some max. 1
mm garnet crystals (4-5 pcs.),
few white, elongated (~ 1 mm)
crystals (zircon or apatite)

Abbreviations: LDM: Laczk6 Dezs6 Museum, HNM: Hungarian National Museum, HAS: Hungarian Academy of Sciences, JPM- Janus Pannonius Museum
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Most of the objects have a flat, elongated, triangular or tongue-like shape. The sizes are
variable; the length is between 18 and 124 mm, the width spans between 20 and 53 mm, while
the height varies between 6 and 22 mm. Their colours are of different shades varying from light
through dark green, even to black (see details in Table 1V/2).

The typology of polished stone artefacts is universally less established than that of chipped
stone tools. While there is a more-or-less accepted consensus for chipped stone tool
nomenclature, especially for the older phases of the Palaeolithic (Bordes 1961, Brezillon 1971)
there is a wide difference in opinion for the typeability of polished stone tools. As an extremely
simplified system we can mention the opinion of J. Antoni (2012b) who distinguished polished
stone artefacts without shaft-hole (,,blades) and items with shaft-hole, perpendicular (,,hoe”)
or parallel to the working edge (,,axe”). The other extreme opinion expressed in this matter is
that of I. Zalai-Gaal (2001), who made a minute classification of polished stone axes to be used
in serial dating of large Late Neolithic cemeteries.

For the classification of greenstone (notably, jadeitite and eclogite) polished stone tools, we
will use the system presented by P. Pétrequin (Pétrequin et al. 2012¢, Fig. 20). They are
universally referred to as ,,axe-heads”. Our work is supported by the classification given by
Pétrequin on the Hungarian axes in the JADE2 project monographs (Pétrequin et al. 2017c,
Bir¢ et al. 2017, Figure 1V/3). Many of the pieces reported here were subjected to resharpening
and re-use and some of them are fragmented. Using the classification by Pétrequin, we can say
that the most popular form was the Durrington type (7 pieces) followed by Chelles (4 pieces)
and Greenlaw type (1 piece). It is not mentioned specifically in the above cited work, but, on
the basis of published drawings we think that the Varna type is also present here (items from
Almasneszmély and Hodmezdvasarhely-Gorzsa) (see Table 1V/2).

IV/7. Results

Figures 1V/4—8 presents the essential part of the results of the present study, with samples
divided into groups based on the classification of D’ Amico et al. (2003), as listed in Table IV/3.
The detailed macroscopic observations (using naked eye and hand lens) showed that these rocks
are fine-grained (sometimes very fine-grained), though some larger sized grains/blasts can be
present. The macroscopic texture can be homogeneous or inhomogeneous with usually 1-2 mm
sized (green/white/black/red/brown, sometimes sub- and anhedral) crystals, crystal aggregates,
veins or (white, grey, light to dark green) patches. The garnet content — which is a discriminative
feature concerning Na-pyroxenites vs. Na-pyroxene+garnet rocks — can be determined with
high probability due to the reddish coloured crystals. Deformation of the texture (e.g.

orientation of constituents into bands, weak to strong foliation) can be observed in many cases.
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Figure IV/3. Classification of greenstone axe-heads by Pétrequin et al. 2012c and determination
by the same author in the JADE2 monograph (modified after Pétrequin et al. 2017c; Bird et al. 2017).
Green colour indicates the axe-head types represented in the Hungarian archaeological record,
numbers refer to pieces of artefacts in each type.

IV/3. dbra: A z6ldkS kébaltdk osztdlyozdsa Pétrequin et al. 2012c¢ alapjdn, és a Magyarorszdgon
taldlt kbeszkbz6k beosztdsa a JADE 2 kétetben ugyanazon szerzé dltal (Pétrequin et al. 2017c¢ utdn
modositva; Bird et al. 2017). A z6ld szin jelzi, hogy a magyarorszdgi leletek kézétt milyen alaki tipusok
fordulnak el6, a zéld szam pedig azt, hogy az adott tipusbol hdny darab taldlhato.
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Magnetic susceptibility measurements provided a data set which partly can correlate with
the macroscopic colour of the samples (see in Table IV/2). In most of the Na-pyroxenites the
higher MS data is coupled with the darker colours (dark green to black), though contradicting
examples are also present.

Major element concentrations of the bulk samples have been determined by PGAA. In Table
1V/3 we summarize the results. Although, concentrations of some trace elements were also
detected by PGAA, those data were not considered during this study because they could not
provide a sufficiently wide range of rare earth or other trace elements. It was found in previous
research (Szakmany et al. 2011) that trace element spectra by PGAA is not detailed enough for
the appropriate geochemical interpretation in the case of polished stone tools. This is different
case of chipped stone tools, especially obsidians, where mobile trace elements (B, Cl) detected
by PGAA can play a fundamental role in characterization and provenancing (e.g. Kasztovszky
etal. 2017).

According to our results, the presently identified 25 HP metaophiolite stone adzes can be
classified into 8 raw material types (see Table IV/ 3 and IV/ 4). The raw material classes of the
first column in Table 4 were introduced by D’ Amico et al. (2003) on the basis of micro-invasive
petrographic analysis of archaeological finds from Northern Italy (by micro-coring sampling
method). The raw material classes of the second column in Table IV/4 were proposed by
Giustetto and Compagnoni (2014). As can be seen, there are overlapping groups of the two
classification systems. Since in this study bulk rock chemical data were available, we followed
the classification of D’Amico et al. (2003) during the description of the raw material types.

As was explained above, lacking thin section data, the traditional petrographic description
is not possible. However, appropriate textural characterization can be done based on the BSE
images. Apart from the average mineralogical composition, the most significant microstructural
features of HP rocks (grain size of minerals, presence/absence of metamorphic veins, degree of
deformation), which were suggested by Giustetto and Compagnoni (2014), can be well
determined. In addition, individual characteristics of mineral blasts (e.g. shape, zonation or
other compositional varieties, retromorphic changes), and the contact of mineral phases can
also be observed. Pyroxene compositions are presented using the conventional alkaline
pyroxene terminology diagram of Morimoto et al. (1988) (see ’c’ sections of Figures 1V/4-8).
Garnet composition of eclogites (Figure IV/8d) is presented on the conventional garnet
terminology diagram first introduced by Wright (1938). Our mineral chemical data, recalculated
to 100 wt%, are published in the Electronic Supplementary Material (ESM1.xlsx and
ESM2 xlsx files).
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Table IV/3: Major element bulk composition of the 25 HP metaophiolite stone implements found in Hungary determined by PGAA, given in wt%
1V/3 tablazat: A Magyarorszagon fellelt 25 HP metaofiolit nyersanyagu kéeszkoz PGAA-val meghatarozott teljes kozet foelem adatai wt%-ban megadva.
Raw material class after . c
Inventory No. A s SiO» TiO2| ALOs3| Fe;O3;| MnO| MgO CaO| Na,O K;O HO| SUM
D'Amico et al. 2003

66/1883.147 jadeitite 56.6 0.705 20.7 2.02 0.060 42 2.1 13.51 <QL 0.09 99.98
117/1884.130 jadeitite 54.6 0.970 20.1 2.32 0.077 6.1 1.9 13.83 <QL 0.12 99.98
141/1882.44 jadeitite 54.1 0.722 18.1 2.85 0.070 8.1 4.1 11.79 <QL 0.21 99.98
300/1876.264 jadeitite 59.5 0.531 15.9 3.27 0.077 33 4.9 12.59 <QL 0.04| 100.00
55.1276 jadeitite 57.5 0.313 20.3 2.58 <QL 1.7 2.7 13.79 0.88 0.13 99.95
M6-2010-10B.6348.1 jadeitite 58.5 0.391 21.2 2.90 0.048 1.2 2.0 13.66 <QL 0.12 99.99
M6-2010-10B.6380.1 jadeitite 57.5 0.292 19.3 3.26 0.061 2.2 3.6 12.82 0.87 0.04 99.99
39/1903 Fe-jadeitite 58.0 1.073 18.0 6.57 0.055 <QL 2.5 13.80 <QL 0.05| 100.00
300/1876.247 Fe-jadeitite 54.7 1.584 14.5 11.83 0.152 <QL 4.6 12.45 <QL 0.17 99.95
M6-2010-10B.792.2 Fe-jadeitite 56.6 0.976 19.2 5.67 0.092 0.9 2.9 13.38 0.01 0.25 99.98
3127 RRM Fe-jadeitite 56.0 0.994 19.5 8.27 0.101 <QL 2.0 13.11 <QL 0.11 99.98
M6-TO.10/B.6320 mixed jade 55.5 0.505 17.7 6.14 0.132 3.1 3.4 12.81 <QL 0.03 99.28
N1/81-1938 mixed jade 57.0 0.470 19.2 5.58 0.120 <QL 4.3 13.18 <QL 0.16 99.97
Zirc 81/W2 5 mixed jade 57.2 0.431 17.6 5.31 0.138 2.7 4.0 11.80 0.51 0.31 99.97
N11/169-1938 Fe-mixed jade 53.8 2.148 14.0 12.3 0.300 <QL 4.5 12.81 <QL 0.18 99.99
99.3.1863 Fe-mixed jade 56.5 1.193 14.3 9.44 0.140 2.8 4.6 11.00 0.03 <QL | 100.00
Olad-329 Fe-mixed jade 51.6 2.041 16.1 9.66 0.126 3.1 5.2 11.40 <QL 0.78 99.97
106/1882.58 omphacitite 49.5 0.601 15.0 7.20 0.152 8.4 9.2 7.15 0.21 2.32 99.74
N5/47-1939 glaucophane schist 48.9 1.422 15.6 8.35 0.130 8.5 7.4 8.17 0.23 0.88 99.51
66/1883.41 Mg-eclogite 49.5 1.476 15.3 7.95 0.179 6.6 10.9 6.33 0.14 1.67 99.91
66/1883.173 Mg-eclogite 50.6 1.071 15.9 10.67 0.240 6.7 4.0 10.75 <QL 0.07 99.98
177/1872.1/2. Fe-eclogite 48.7 2.352 12.7 15.24 0.463 4.8 8.1 7.46 <QL 0.13 99.91
117/1884.213 Fe-eclogite 50.9 1.551 12.5 15.18 0.541 4.6 53 9.34 <QL 0.06 99.99
M6-2010-10B.3060.3 Fe-eclogite 44.8 3.464 11.4 19.35 0.459 53 8.6 6.25 <QL 0.37 99.99
Olad-321 Fe-eclogite 47.2 2.508 13.6 15.94 0.423 5.4 8.8 5.75 <QL 0.32 99.93
Quantification limit 2.5 0.050 2.0 0.20 0.020 0.7 0.5 0.05 0.01 0.02
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Jadeitite is the most abundant raw material among the investigated HP metaophiolite stone
tools, 7 pieces were in the measured sample set. Mixed jades (with 3 pieces), Fe-jadeitites (with
4 pieces), Fe-mixed jades (with 3 pieces) and Fe-eclogite (with 4 pieces) proved to be relatively
frequent raw materials among the present collection of Hungarian HP stone implements, while
Mg-eclogite is less common (2 pieces). Omphacitite and Alpine-type glaucophane schist are
the rarest identified raw materials among the Hungarian HP metaophiolite stone tools studied,
represented by only 1 piece of each type.

In order to obtain a better comparison, the major element distribution is plotted after
normalization to the Upper Continental Crust (UCC) composition published by McLennan
(2001) (see ’d’ sections of Figures [V/4-8). As it is comparable to the grey or green shaded fields
in Figures 1V/4d-8d, the major element compositions of the investigated metaophiolites are in
good agreement with the published data of different HP metaophiolite types of Italian tools
(D’Amico et al. 2003). This comparison allows us to classify the investigated Hungarian
artefacts into the basic raw material classes. Variations in the concentrations of TiO; and CaO,
and deviation of MgO measured in jadeitites (Figure 1V/4d) can be explained with variable
amounts of omphacite and titanite in the samples. Small deviations in concentrations of MnO
and Fe>Os in Fe-jadeitites (Figure IV/5d) can be observed. In agreement with the chemical
characterization by D’ Amico (2003), jadeitites have the lowest Fe2O3 and TiO: content and the
highest (though varied) MgO content compared to the Fe-jadeitites (highest Fe2O3 and TiO»,
lowest MgO content), and mixed- and Fe-mixed-jadeitites (medium Fe.Os3, TiO,, MgO
content). In all the observed 25 samples, the Na-pyroxenites show the highest concentrations
of NayO.

The major element distribution of the glaucophane schist sample (Figure 1V/7d) differs from
the data of D’ Amico et al. (2003) only in the Na>O content. It is probable that sample N.5/47-
1939 has higher alkaline pyroxene content than the reference sample. Thus, the glaucophane
schist sample is rather similar to the omphacitite sample and the omphacitite reference
published by D’Amico et al. (2003). It is worth noting that the reference distributions of
glaucophane schist and omphacitite are very similar to each other (thick grey line and pale grey
fields in Figure IV/7d) except for Na,O. The Mg- and Fe-eclogite samples show some smaller
differences in their major element chemistry (Figure IV/8e) than those expected on the basis of
D’Amico et al. (2003). Though, Fe and Mn content are significantly lower in Mg-eclogites,
those are not accompanied with significantly higher Mg content.

Jadeitite samples (7 pieces) are homogeneous rocks consisting predominantly of jadeite and

variable amounts of omphacite. Zoned Na-pyroxene blasts are fine- to medium-grained, with
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Figure IV/4. Jadeitite samples. (a) First four pieces are from the Ebenhdch collection, localities:
66/1883.147: Komdromszentpéter, 117/1884.130: Lekér;, 141/1882.44: Garamkévesd;
300/1876.264: Bakonypéterd. Sample 55.1276 turned up in Bakony Mts. and belongs to the Mihdldy
collection. Samples labelled with M6.2010.10B are from the Alsdnyék archaeological site. (b) Typical
texture of jadeitites, their pyroxenes are showing more or less reqular zonation. Backscattered
electron image of sample M6.2010.10B.6348.1 from Alsényék. (c) Pyroxene chemistry diagram. (d)
Major elements distribution. Comparison data (grey field) are from DAmico et al. (2003).

IV/4. dbra. Jadeitit mintdk. (a) Az elsé négy darab az Ebenhéch-gydjteménybél van, lelGhelyeik:
66/1883.147: Komdromszentpéter, 117/1884.130: Lekér; 141/1882.44: Garamkévesd;
300/1876.264: Bakonypéterd. Az 55.1276 minta a Bakony hegységbdél keriilt elé és a Mihdldy
gylijtemény része. Az M6.2010.108B jellel kezd6d6 kbeszkézék az alsonyéki régészeti lelhelyrdl
kertiiltek el6. (b) Tipikus jadeitit szévet. A piroxének tébbé-kevésbé szabdlyosan zdndsak.
M6.2010.10B.6348.1 (Alsdnyék) minta visszaszort elektronkép. (c) Piroxén désszetételi diagram.
(d) Féelem-eloszldsi diagram. Az 6sszehasonlitd adatok (sziirke mezd) D’Amico et al. 2003 alapjan.

weakly variable dimensions in the same specimen, and form homoblastic texture. Jadeitites
contain much more jadeite than omphacite and the Na-pyroxenes are generally zoned with
jadeite core and omphacite rim (Figure [V/4b-c). In addition, omphacite crystallized in a later
phase can be also present. In the core of the jadeite blasts small *blebs’ of exsolved omphacite
can occur. Accessories are moderate (see mineral species in Table 1V/4).

Fe-jadeitites (4 pieces), mixed jades (3 pieces) and Fe-mixed jades (3 pieces) contain
coexisting jadeite and other Na-pyroxene(s) in variable amounts. Na-pyroxenes are frequently
zoned, they have a jadeite core and usually a Fe-jadeite or omphacite rim. In the Fe-jadeitites
the zoned Na-pyroxenes have a jadeite core and a Fe-jadeite rim (Figure IV/5b), omphacite is

absent (Figure IV/5c). In sample M6-2010-10B.792.2 aegirine could be also detected.
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Figure IV/5. Fe-jadeitite samples. (a) First three pieces are from the Ebenhéch collection,
localities: 39/1903: Iszkaszentgyérgy, 3127: Ldbod; 300/1876.247: Almdsneszmély. Sample
M6.2010.10B.792.2 is from Alsonyék. (b) Typical texture of Fe-jadeitites, their pyroxenes are showing
more or less regular zonation. Backscattered electron image of sample 39/1903. (c) Pyroxene
chemistry diagram. (d) Major elements distribution. Comparison data (grey field) after DAmico et al.
(2003).

IV/5. dbra. Fe-jadeitit anyagu eszkézok. (a) Egy darab az Ebenhéch-gydjteménybdl van, i.sz.
300/1876.247, lel6helye: Alimasneszmély. A 39/1903 leltari szamu darab lel6helye Iszkaszentgyérgy;
a 3127 sz. darab leléhelye Ldbod. Az M6.2010.10B.792.2 szdmu darab Alsényékrél szarmazik.
(b) A Fe-jadeititek tipikus szévete. A piroxének tébbé-kevésbé szabdlyosan zondsak. 39/1903 minta
visszaszort elektronkép. (c) Piroxén Osszetételi diagram. (d) Féelem-eloszldsi diagram. Az
Osszehasonlité adatok (sziirke mez8) D’Amico et al. 2003-as cikkébdl szarmaznak.

Mixed jades contain more jadeite than omphacite and the Na-pyroxenes have a jadeite core
and an omphacite rim (the transition is sharp) (in sample M6-TO.10B.6320 Fe-jadeite was also
detected) (Figure IV/6b). In Fe-mixed jades, the pyroxene composition varies among jadeite
(core), omphacite, Fe-jadeite and aegirine-augite (rim) (Figure IV/6b-c). In the case of Fe-
jadeitites, the average blast size is variable creating a moderately heteroblastic texture without
foliation, but in the mixed and Fe-mixed jadeitites fine- to medium-grained homoblastic texture
is usual with varied foliation. In one case (99.3.1863. from Hoédmezdévasarhely-Gorzsa), Fe-
mixed jadeitite contains garnet (<5 wt%) with a composition similar to the studied eclogites
(see comparable data in Figure IV/8d). These garnets are 200—-250 um sized, idioblastic blasts
with jadeitite inclusions. In some cases (e.g. M6-2010-10B.792.2., n1/81-1938, Olad-329)
diverse and significant amounts of accessories are present, sometimes filling the pores and
forming skeletal crystals. Retromorphic overprint can be rarely observed in Fe-jadeitites and
mixed jadeitites (in one sample of each group) and more frequently in Fe-mixed jadeitites (see

the specific retromorphic mineral phases in Table 1V/4).
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Figure 1V/6. Mixed jadeitite and Fe-mixed jadeitite samples. (a) First three samples are mixed
jadeitites, localities: M6.TO.10B.6320: Alsényék, N1/81-1938: Zengdvdrkony, 81/W2.5: Zirc. Last
three samples are Fe-mixed jadeitites, localities: N11/169-1938: Zengdbvdrkony, 99.3.1863:
Hoédmezévdsdrhely-Gorzsa;, Olad-329: Szombathely, Olad-plateau. (b) Typical texture of mixed
jadeitite (1) (M6.2010.10B.6320, Alsényék) and Fe-mixed jadeitite (2)(N11/169-1938 Zengévdrkony).
Pyroxenes are showing more or less regular zonation. (c) Pyroxene chemistry diagram. (d) Major
elements distribution. Comparison data after DAmico et al. (2003) (light grey field: Fe-mixed jades,
light green field: mixed jades).

IV/6. dbra. Kevert jadeitit és Fe-kevert jadeitit anyagu eszkbzék. (a) Az elsé hdrom eszkéz anyaga
kevert jadeitit, lel6helyeik: M6.TO.10B.6320: Alsényék; N1/81-1938: Zengbvdrkony; 81/W2.5: Zirc. Az
utolsé harom eszkéz anyaga Fe kevert jadeitit, lel6helyeik: N11/169-1938: Zeng6vdrkony; 99.3.1863:
Gorzsa; Olad-329: Szombathely, Olad-plato. (b) (b) A kevert jadeititek (1)(M6.2010.10B.6320,
Alsonyék) és a Fe kevert jadeititek tipikus szbvete (2)(N11/169-1938 Zengdbvdrkony). A piroxének
tébbé-kevésbé szabdlyosan zondsak. (c) Piroxén Gsszetételi diagram. (d) Féelem-eloszldsi diagram.
Az sszehasonlito adatok (vildgoszéld mezé: kevert jadeititek, vildgossziirke mez4: Fe kevert jadititek)
DAmico et al. 2003-as cikkébdl szarmaznak.

The sole omphacitite sample (106/1882.58) is strongly affected by retromorphic
processes (see the specific retromorphic mineral phases in Table 1V/4) which overprinted the
original texture. It is difficult to determine the average grain size or the homogeneity of the
texture. Predominant omphacite and subordinated jadeite blasts (Figure IV/7c) are usually not
zoned but inhomogeneous in patches in many places (Figure IV/7b1).

Glaucophane schist (N5/47-1939), being a retromorphic rock which originally consisted of
pyroxenes, contains glaucophane and much more omphacite than jadeite (Figure 1V/7b2). Na-
pyroxenes are inverse zoned with omphacite core and jadeite rim. The zonation can be regular
or patchy (jadeite patches in omphacite crystals) (Figure 1V/7b2). The blue glaucophane

amphibole is a final retrograde rim around the Na-pyroxene blasts, usually accompanied by

Ph. D. dissertation

84



Zsolt Bendd:
Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

epidote and accessory minerals (see the specific retromorphic mineral phases in Table 1V/4).
Due to the retrograde foliation, monomineralic bands of glaucophane or epidote can be also

observed.
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Figure IV/7. Omphacitite and glaucophane schist samples. (a) 106/1882.58: omphacitite sample
from Mogyords (todays Mogyordsbdnya) (Ebenhéch collection). N5/47-1939: glaucophane schist
sample from Zengévdrkony archaeological site. (b) Backscattered electron images, (1) patchy texture
of Na-pyroxenes in the sample 106/1882.58 and (2) reverse zonation of Na-pyroxenes in the sample
N5/47-1939. (c) Pyroxene chemistry diagram. (d) Major elements distribution. Comparison data (grey
field) after D’Amico et al. (2003) (grey field: omphacitite, thick grey line: glaucophane schist).

IV/7. abra. Omfacitit és glaukofdnpala anyagu kbeszkézok. (a) 106/1882.58: omfacitit anyagu
I6eszk6z Mogyords (ma Mogyorosbdnya) lel6helyrél (Ebenhdch gylijtemény). N5/47-1939:
Glaukofdnpala a zengévdrkonyi régészeti lel6helyrdl. (b) Visszaszort elektronképek: (1) Na piroxének
foltos szévete az omfacitit mintdban (106/1882.58), (2) reverz zénds Na-piroxének a N5/47-1939 jeldi
mintdban. (c) Piroxén Gsszetételi diagram. (d) Féelem-eloszldsi diagram. Az ésszehasonlité adatok
DAmico et al. 2003-as cikkébdl szdrmaznak (sziirke mezd: omfacitit, vastag sziirke vonal:
glaukofdnpala).

Eclogites (2+4 pieces) are heteroblastic rocks with variable mylonitic foliation, often
highlighted by the preferential orientation of tiny Na-pyroxene crystals, garnet aggregates and
accessory phases (see the specific mineral phases in Table IV/4). In Mg-eclogites, Na-pyroxenes
form a fine-grained, strongly foliated matrix with idio-hipidioblastic (50—100 um in sample

66/1883.41) or atoll-like structured (100-200 pm in sample 66/1883.173) garnet poikiloblasts.
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Figure IV/8. Eclogite samples. (a) First two samples (66/1883.41 and 66/1883.173) are Mg-
eclogites, the other four samples are Fe-eclogites. Four pieces are from Ebenhéch collection, their
localities: 66/1883.41: Farnad; 66/1883.173: Sz6qyén; 177/1872.1/2: unknown; 117/1884.213:
Vdmosladdny. Sample M6.2010.10B.3060.3 is from Alsényék. Olad-321 was found at Szombathely,
Olad-plateau. (b) Backscattered electron images, (1) texture of Fe-eclogite in sample Olad-321
(Szombathely) with omphacites as the only Na-pyroxene, (2) texture of Mg-eclogite in sample
66/1883.173 (Sz8gyén) with atoll-garnet and zoned Na-pyroxene. (c) Pyroxene chemistry diagram.
(d) Garnet chemistry diagram (arrows indicate the from-core-to-rim compositional change). (e)
Major elements distribution. Comparison data after DAmico et al. (2003) (gray field: Mg-eclogite,
green field: Fe-eclogite).

IV/8. dbra. Eklogit anyagu kBeszk6z6k. (a) A felsG két kbeszkbz (66/1882.41 és 66/1883.173) Mg-
eklogit anyagu, az alsé négy kbeszkéz (177/1872.1/2, 117/1884.213, M6.2010.10B3060.3 és Olad-
321) Fe-eklogit. Négy darab az Ebenhéch-gyljtemény része, lel6helyeik: 66/1883.41: Farndd;
66/1883.173:  Sz8gyén;  177/1872.1/2: ismeretlen;  117/1884.213: \Vdmosladdny. Az
M6.2010.10B.3060.3 jelii kbeszkdz az alsonyéki, mig az Olad-321 jeld a Szombathely, Olad-platon
végzett régészeti feltardsok sordn kertilt elS. (b) Visszaszdrt elektronképek: (1) Fe-eklogit szévete az
Olad-321 mintdban (Szombathely), amiben az omfacit az egyediili Na piroxén. (2) Mg-eklogit szévet
a 66/1883.173 (Sz6gyén) mintdban atoll grandttal és zénds Na-piroxénnel. (c) Piroxén ésszetételi
diagram. (d) Grandt 6sszetételi diagram (a nyilak az 6sszetétel valtozdsdt mutatjgk a magtol a perem
felé). (e) Féelem-eloszldsi diagram. Az &sszehasonlité adatok DAmico et al. 2003-as cikkébdl
szdrmaznak (sziirke mez6: Mg-eklogit, z6ld mezé: Fe-eklogit).

Mg-eclogites consist of omphacite and subordinate jadeite, but the two samples differ:
sample 66/1883.173 has zoned Na-pyroxene crystals with jadeite core and omphacite rim
(Figure 1V/8b2-8c), while sample 66/1883.41 has homogeneous, fine-grained omphacitic
pyroxenes. Garnet poikiloblasts are rather homogeneous and their composition values in Mg-
eclogites (Figure 1V/8d) plot to the almandine-spessartine corner of the triangle, being enriched
in almandine/spessartine (Alm 43-75, Sps 0.8—4.1), with moderate grossular (Grs 10-50) and
scarce pyrope (Prp 0-20). Accessories of Mg-eclogites are specified in Table IV/4.
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Fe-eclogites consist of foliated, fine-grained Na-pyroxene matrix with idio-hipidioblastic
(100-500 um garnet poikiloblasts. Fe-eclogites contain omphacite (Figure IV/8b1-8c), in two
samples (M6.2010.10B.3060.3, 177/1872.1.2) they are zoned (jadeite-rich core and omphacite-
rich rim). There is no significant difference between the garnet compositions of the Mg- and
the Fe-eclogite samples. Garnet composition values of Fe-eclogites (Figure 1V/8d) plot to the
almandine-spessartine corner of the triangle, being enriched in almandine/spessartine (Alm 39—
70, Sps 0.6-27), with moderate grossular (Grs 15-40) and scarce pyrope (Prp 0-30). Though
in two samples the garnets are moderately zoned, due to the analyses by non-destructive SEM-
EDX, the results are relatively informative (elimination of the sample preparation and analysis
on the original surface imply that we observe a naturally eroded surface which can provide
fewer grains appropriate for the investigation than in a conventional thin section). In sample
M6.2010.10B.3060.3 (marked with red stars and arrows in Figure IV/8d) the core of the garnet
blasts is pyrope free while the rim has pyrope content. On the contrary, in sample 177/1872.1.2
(marked with lilac diamonds and arrows in Figure IV/8d) the core of the garnet blasts is enriched
in pyrope compared to the rim. Accessories of Fe-eclogites are specified in Table IV/4.

To conclude, based on the results of SEM-EDX and PGAA analyses, the presently known
Hungarian HP stone implements were divided by our data into 8 groups which are in very good
agreement with data of D’ Amico et al. (2003). Our results show that jade implements are more
frequent than eclogites. The most common components are jadeite-Fe-jadeite and/or omphacite,
these appear in variable proportions in both rock types. Accessory minerals (e.g. rutile, zircon,
allanite) are generally present in large quantity, and eclogites contain large amounts of garnet.

IV/8. Discussion

In the last two years there was a significant growth in the number of recognized and
investigated polished stone implements made of HP metaophiolite raw material in the
Hungarian archaeological record. All of the 25 presently identified HP metaophiolite stone
implements are presented with detailed description in this study. Compared to the situation in
2013 (three HP stone tools published in Szakmany et al. 2013), this significant increase is due
to a systematic quest for greenstones and the applied non-destructive methods (PGAA and
SEM-EDX on the original surface of the samples). These methods proved their effectiveness in
identifying the raw material of stone implements and have the capability to provide good quality

data for comparison with results in the international literature.
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Table IV/4. Jade raw material types identified in the Hungarian archaeological record and their main distinctive characteristics

1V/4. tablazat: A magyarorszagi régészeti leletek kozott azonositott jadeitit nyersanyagtipusok és fobb jellemzdik.

Raw material class | Raw material class | Samples Major minerals | Pyroxene Accessories | Retromorphic Deformation | Dominant | Fabric
after D'Amico et al. | after Guistetto and zoning minerals grain size | homogeneity
(2003) Compagnoni (2014) (nm)
Jadeitite Jadeitite / 66/1883.147 Jd&>>Omp Jd core, Zrn, Rt, Ttn | Ab (in sample no 50-200 homoblastic
Omphacite-jadeite 117/1884.130 Omp rim (Aln, Xtm, M6.2010.10B.
pyroxenite 141/1882.44 Mnz, [Im, 6348.1)
300/1876.264 Ap)
55.1276
M6.2010.10B.6348.1
M6.2010.10B.6380.1
Fe-jadeitite Jadeitite 39/1903 Jd, Fe-Jd Jd core, Zrn, Rt (Ttn, | Ab, Ep (in no 50-200 and | heteroblastic
300/1876.247 Fe-Jd rim Aln, Ap, [lm, | M6.2010.10B. 200-400 (homoblastic)
M6.2010.10B.792.2 Xtm, Mnz, 792.2)
3127 Mag)
Mixed jades Omphacite-jadeite M6.T0O.10/B.6320 Jd&>Omp Jd core, Rt, Zrn, Aln | Ab, Ep (in N1/81- | variable, 50-200 homoblastic
pyroxenite N1/81-1938 Omp rim (Ttn, Xtm, 1938) strongly
81/W2.5 Mnz) foliated (in
M6.TO.10/B.
6320)
Fe-mixed jade Omphacite-jadeite N11/169-1938 Jd, Omp, Fe-Jd, |Jd core, Zrn, Rt, Ap, |Chl (in Olad-329) | foliated 50-200 homoblastic
pyroxenite Olad-329 Aeg-Aug Omp/Fe-Jd Aln, Ilm, Ttn (Olad-329)
rim
Garnet-omphacitite [ 99.3.1863 Jd, Omp, Fe-Jd, |Jd core, Grt, Zrn, Ap, |no no px 50-200 | homoblastic
Aeg-Aug Omp/Fe-Jd Aln, Ilm/Rt grt 200-250
rim
Omphacitite Jadeite-Omphacite 106/1882.58 Omp>Jd rarely zoned | Ttn Ab, Pg, Ep, Chl, |no cannot be | cannot be
pyroxenite Pmp determined | determined
Glaucophane schist N5/47-1939 Gln, Omp>>Jd | Omp core, Ilm, Ap, Ttn | Gln, Ep foliated <100 homoblastic
Jd rim
(regular or
patchy)
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Table IV/4. — continued
1V/4. tablazat — folytatas

Raw material class | Raw material class | Samples Major minerals | Pyroxene Accessories | Retromorphic Deformation | Dominant | Fabric
after D'Amico et al. | after Guistetto and zoning minerals grain size | homogeneity
(2003) Compagnoni (2014) (nm)
Mg-eclogite Eclogite 66/1883.41 Omp, (Jd), Grt Jd core, Omp | Ttn, Ilm, Rt, | Ab, Pg, Ep (in variable, px<100 heteroblastic
66/1883.173 rim (in 66/ Zm 66/1883.41) strongly grt<200
1883.173) foliated (in
66/1883.41)
Fe-eclogite Eclogite 177/1872.1/2 Omp, Grt Jd core, Omp | Ilm, Zrn, Rt, |Bt, Ep (in Olad- variable, px<200 heteroblastic
117/1884.213 rim (in Aln, Ap 321) weakly grt 100-500
M6.2010.10B.3060.3 M6.2010.10B foliated (in
Olad-321 .3060.3, M6.2010.10B.
177/1872.1.2) 2060.3)

See the abbreviations at the end of this work.
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All of the 11 stone tools with known context found in Hungary are chronologically
attributable to the Late Neolithic period, mostly to the Lengyel Culture and one piece, east of
the river Tisza, to the contemporary Tisza Culture. The 14 stray finds are also connected with
high probability to Late Neolithic localities on the basis of other proxies co-occurring in the
archaeological record (e.g. characteristic potsherds collected in the same area). From the
geographical point of view, almost all of them (except for one piece) are located on the western
side of the Danube (Dunéntal or Transdanubia). The exceptional sample from the locality of
Hodmezdvasarhely-Gorzsa is in South-Eastern Hungary, in the eastern part of the Great
Hungarian Plain (Tiszantul or Trans-Tisza). The Danube is seen to be a very important boundary
concerning the distribution of Neolithic stone implements in the Carpathian Basin (Szakmany
2009; Szakmany et al. 2011). According to the results of this former research, there is a
significant difference in the Neolithic period between the stone tool raw material origins of
three main regions: Transdanubia, Trans-Tisza and the Northern highlands. The polished stone
tool raw material of these three major provinces are different in the predominant rock types, i.e.
the Transdanubian and N-NE regions are dominated by basic-metabasic rocks (basalt, greenish
schistose rocks: contact metabasite and greenschist, etc.) and metadolerite, while the Trans-
Tisza region is dominated by hornfels, metadolerite and basalt (Szakmany 2009; Szakméany et
al. 2011). However, it is worth mentioning that the over representation of the HP metaophiolite
stone implements in Transdanubia can also be the result of the recent purposeful searching for
samples in the Transdanubian archaeological collections.

An interesting question is the spreading and provenance of raw material of the HP
metaophiolite stone tools. Based on the petrological and geochemical data, all the investigated
25 HP metaophiolite stone tools are made of HP-LT rocks with various compositions which
imply the possibility of multiple raw material sources. HP-LT metaophiolite rocks are known
from many regions in Europe, as was mentioned in the ‘Previous studies on HP greenstones’
section. Na-pyroxenite raw materials are found in the Western Alps and Voltri Massif, as well
as on Syros and Tinos Islands (Cyclades, Greece). Based on the references (Castelli et al. 2002,
Groppo & Castelli 2010, Angiboust et al. 2011, 2012, Compagnoni 2007, 2012, Dixon & Ridley
1987, Brocker et al. 1993, Brocker & Enders 1999, Brocker & Keasling 2006, Bulle et al. 2010,
Pétrequin et al. 2017b), it is our supposition that major element composition and mineral
chemistry of the Na-pyroxenes are not characteristically different in the two Na-pyroxenite
sources. The average mineralogical composition and the textural features are more typical for
the particular jadeitite localities. Petrographic characteristics of the Western Alpine Na-

pyroxenites (limited or no glaucophane content, moderate or no retrograde overprint on the
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texture) can be well compared with our observations on the artefacts found in Hungary. Based
on field observations, Pétrequin and coauthors (2017b) could eliminate Tinos and Sifnos as
provenance of the Na-pyroxenites applicable for manufacturing polished stone tools. According
to the published petrographic and geochemical data (Pétrequin et al. 2017b) about the Syros
jadeitite source, extended retrograde albitization, chloritization and formation of analcime are
characteristic features. In addition, a small but significant amount of zircon, and titanite with
white mica and rutile inclusions is also characteristic. Based on their comparative studies,
Pétrequin et al. (2017b) concluded that the Syros jadeitite source and the production of tools on
the island could be limited or negligible. In addition, their investigations proved that the few
HP metaophiolite axes found in SE Europe (Romania, Bulgaria) are made from the W-Alpine
raw material (Tsonchev 1946; Errera et al. 2006; Pétrequin et al. 2012b). Due to
spectroradiometric analysis, the two European Na-pyroxenite sources can be differentiated with
high probability (above 80%). Considering the differences in the mineralogy of the retrograde
metamorphism and the statements of Pétrequin et al. (2017b) as well as the similarity to other
tools already attributed (D’ Amico et al. 2003), it is our suggestion that the raw materials of the
Na-pyroxenite polished stone implements found in Hungary originated from the W-Alpine
(Monviso or Voltri Massif) source.

Eclogite localities are more common in Europe than Na-pyroxenites. Pre-Alpine (mostly
Variscan) eclogites are known from the Bohemian Massif, the Veporic Unit of the Western
Carpathians, the Ligurian Alps, and the Rhodope Massif. The Alpine-type eclogites are
distributed in the Western Alps, Turkey, the Aegean Islands (Syros, Sifnos, Tinos) and the Betic
Cordillera. There is a fundamental difference in the mineralogical composition and the textural
features of the Pre-Alpine and the Alpine-type eclogites. Variscan eclogites are MT-HT/HP
metamorphites with related mineral assemblage (garnet enriched in pyrope component,
pyroxene depleted in jadeite component, and often they have kyanite content) and expressed
retrogressed characteristics due to the retrograde amphibolite facies recrystallization (e.g.
pyroxene-feldspar symplectites after Na-pyroxenes, kelyphitic garnets). Alpine-type eclogites
were formed at lower temperature metamorphism with related mineral assemblage (garnet
depleted in pyrope component, pyroxene enriched in jadeite component) and often with
moderate retrogression characteristics.

Based on the above discussed textural and mineralogical evidence, Pre-Alpine eclogites can
be excluded as the raw materials for the HP metaophiolite polished stone tools found in
Hungary. It is more probable that the Alpine-type eclogites with lower temperature mineral

assemblage are the sources of the observed artifacts. the best fit with the mineralogical and
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textural features of the observed archaeological eclogite artefacts found in Hungary has been
the Western Alpine sources (Monviso and Voltri Massif) due to the similar chemical
composition of the Na-pyroxenes and garnets, and the zero to moderate retrograde metamorphic
overprint. A similar peak phase assemblage but with a significant amount of glaucophane is
typical at the Aegean Sea localities of eclogite. In addition, Na-pyroxenes of Syros eclogite
contain more calcium (CaO>20 wt% on the basis of Fig. 16b in Okrusch & Brocker 1990) than
the Hungarian eclogite artefacts (Ca0O=0.83—14.54 wt%, see in the Electronic Supplementary
Material, ESM1.xlsx file). (However, it is worth noting that the Syros source can contain
glaucophane schists identical with the composition of the sole glaucophane schist sample, No.
N5/47-1939 identified in this study.) In the case of the Na-pyroxenes of the Turkish eclogites
(Davis & Whitney 2006) the decreased sodium content (NaxO=5.44—7.49 wt%) also does not
agree with that of the Hungarian archaeological eclogite finds (Na2O= 6.34-15.29 wt%, see in
the Electronic Supplementary Material, ESM1.xlsx file). The Betic Cordillera represents the
farthest locality (more than 2000 kms) considered in this study and there is evidence of use of
those eclogites as polished stone tool raw materials on a regional scale rather than in long-
distance trade (e.g. Lozano et al. 2017). Furthermore, Dominguez-Bella et al. (2015) identified
a polished green stone Neolithic axehead (from Aroche, Andalucia, SW Spain) as manufactured
from jadeitite deriving from Monviso. This fact also decreases the importance of the Betic
Cordilleran source in the long-distance trade network of Europe. In addition, presence of
extended deformation of the texture and its coronatic feature (Puga et al. 1989, 2013) does not
support the originating of the Hungarian archaeological eclogite objects from this far source.

Based on the above discussed evidence, it is our hypothesis that Na-pyroxenite and eclogite
polished stone artefacts found in Hungary are most similar to the equivalent rocks of the
Western Alpine HP-LT metaophiolite source. The idea of their deriving from the Monviso or
Voltri Massif is also supported by the general opinion of the society of experts in
petroarchaeology that the raw materials of the Western Alps played a predominant role in the
production of the symbolic (and a moderate role in the production of the woodworking) green
stone polished stone tool in the Neolithic long-distance trade network in Western, Southern and
Central Europe (D’Amico et al. 2003, Pétrequin et al. 2011).

HP-LT metaophiolite rocks are characteristic of the Western-Alps and the Voltri Massif. The
Alpine type HP-LT metaophiolites suitable for polished stone tool production can be found both
in primary, secondary (Oligocene) and tertiary (recent) deposits in North-western-Italy. These
latter were redeposited in the Quaternary period, and prehistoric people used them as a raw

material source (D’Amico & Starnini 2006). Primary occurrences are in the eastern range of
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Figure IV/9. Supposed source regions (A: Western-Alps; B: Voltri Massif; C: secondary/tertiary
sources of redeposited gravels and pebbles in Oligocene Conglomerate series in the foothills of the
North-Western-Apennines and in the recent alluvium in river valleys, e.g. Po, Curone and Staffora) of
HP metaophiolite stone implements found in Hungary and in Hungarian museum collections for the
neighboring area (marked with transparent ellipsoid)

IV/9. Gbra. A magyarorszdgi régészeti feltdrdsok sordn, ill. a muzeumi gydjteményekben taldlt HP
rpetaoﬁo/it anyagu kbeszkbzok feltételezett forrdsrégioi (A: Nyugat-Alpok; B: Voltri Masszivum; C: Az
Eszaknyugati Appenninek hegyldbaindl lerakddott Oligocén konglomerdtumok (mdsodlagos) és ezek
dtmozgatott kavicsanyagabdl kialakult harmadlagos nyersanyag forrdsok, mint pl. a Po, Curone és
Staffora folyok recens iiledékei).

the Western Alps, from Monviso in Piedmont till the Aosta Valley, and in the Voltri Massif at
the north-western end of Apennines (Monte Beigua, Liguria). Secondary raw material sources
are at the nearby piedmonts of the Western Alps and Voltri Massif. Tertiary raw material sources
can be found in recent sediments of the Staffora and Curone rivers (D’Amico & Starnini 2012,
Giustetto et al. 2017), and at the upper Po-river, which originates from the Monviso region
(Pétrequin et al. 2012a). They were formed during the Oligocene by sedimentation of eroded
materials from the Western Alps and Voltri Massif. Differentiation of these types of Western
Alpine sources is difficult. In our study we cannot solve the problem of deriving of the artefacts
found in Hungary from the primary, secondary or tertiary locations. These sources could equally
provide raw material for the stone tools observed in this study (Figure IV/9). The Alpine-type
Na-pyroxenite (jadeitite) implements are widespread in Western Europe (to the west-northwest
to the Alps, in United Kingdom, Denmark), but their penetration to the East is seemingly very
low (D’Amico et al. 2003; Pétrequin et al. 2012a). Only some artefacts from Varna (Bulgaria)
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were known in the past, identified by means of spectroradiometry (Tsonchev 1946; Errera et al.
2006; Pétrequin et al. 2012b). Also, HP metaophiolite axe-heads were found in Croatia
(Milosevi¢ 1999; Petric 1995, 2004), in the Czech Republic (Schmidt and Stelcl 1971;
Ptichystal 2009; Ptichystal et al. 2011), Romania (Pétrequin et al. 2017b) and two pieces in
Slovakia (Hovorka et al. 1998, 2008; Pétrequin et al. 2011, 2012c). This paucity of finds can be
affected by the incomplete and regionally focused research knowledge of the single countries.
However, some geographic reasons can also be taken into account. This situation is partly due
to natural down-the-line distribution pattern but also due to research aspects. This idea is also
supported by the observation that the typical large sized artefacts are absent in Central and
Eastern Europe. Medium to small sized stone implements are characteristic (max. 16—18 cm

length in the Carpathian Basin).

IV/9. Conclusion

It was postulated in the first JADE program that Chalcolithic jadeitite stone implements and
the earliest copper artefacts and gold finds were of complementary distribution. In the
Carpathian Basin, however, all the HP metaophiolites of known archaeological context were
found, so far, at the turn of the Late Neolithic and Early Copper Age, in the second half of the
V® Millennium (approx. 4800—4500 BC): in the Lengyel Culture and the Gorzsa group of the
Tisza Culture (Visy ed. 2003; Diaconescu 2014; see Table 1V/2). The really very early Copper
Age gold horizon and the first bulky copper artefacts (tools, weapons) can be dated to a younger
phase, typically to the Middle Copper Age (Virag 2003).

During our study, we basically applied the HP metaophiolite nomenclature of D’ Amico et
al. (2003). However, we also tried to simultaneously use the nomenclature of Giustetto and
Compagnoni (2014) on the basis of the presence and ratios of the main mineral phases (i.e.
jadeite, omphacite, garnet) (see in 7able IV/4). At this state of the research it can be concluded
that the two nomenclature systems cannot be perfectly correlated with each other.

Our results correspond well with results on HP metaophiolites of North-western Italy
(D’Amico et al. 2003), obtained both on geological and archaeological samples (D’Amico
2012; D’Amico and Starnini 2012). It implies that the HP metaophiolite stone implements
found in Hungary probably originated from the same raw material sources as the Italian (and
other Western European) HP metaophiolite stone tools. According to the literature on the topic,
these primary sources can be the metamorphic formations of Monviso in Piedmont or of the
Voltri Massif in Liguria. Secondary occurrences of jades and eclogites are similarly present in
the resedimented Oligocene conglomerates in the Quaternary alluvium of rivers Po, Staffora

and Curone (D’Amico et al. 2003; D’ Amico and Starnini 2006, 2012; Pétrequin et al. 2012a).
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However, the petrological variability of HP metaophiolite implements found in Hungary
highlights the possibility of multiple raw material sources.

Regarding the distance of the HP metaophiolite sources from the Carpathian Basin, the
above-mentioned secondary sources can have some relevance. Based on the results of D’ Amico
and Starnini (2006) and D’Amico et al. (2013), a Northern Italian atelier-site, Rivanazzano
(bank of river Staffora, South-Western-Lombardy/South-Eastern-Piedmonte border) seems to
be an important and relevant source for Central and Eastern Europe. This site can be interpreted
as a border region in the HP metaophiolite supply system. Firstly, Neolithic sites settled to the
west of Rivanazzano show lithological parameters different from the Rivanazzano model,
suggesting that those sites were supplied from other sources (Western-Alps). Secondly, to
eastward from Rivanazzano (northeast to Lombardy and the Venetian region, southeast along
the Emilia Region) Neolithic archaeological sites have polished stone implement collections
with petrographic characteristics compatible with the Rivanazzano model. This eastward
distribution of the HP metaophiolite raw materials thus supports the idea of the utilization of
resedimented raw materials, i.e. the North-Western-Apenninian Oligocene conglomerates and
their clastic deposits as sources of raw material. The investigation of the HP metaophiolite stone
tool assemblage from two Italian Neolithic sites, San Lazzaro (D’Amico et al. 2013) and
Castello di Annone (Giustetto et al. 2016), provided examples of supply from a Rivanazzano
type source. Comparing our results with that of D’Amico et al. (2013) and Giustetto et al.
(2016), a good agreement can be identified (especially concerning the mineral chemical data).
To understand the importance of the role of Rivanazzano on a larger scale, i.e. in Central and
Eastern Europe, investigation of the small sized adzes found in that region of Europe can be
fundamental and perhaps decisive. Our further research and results can also provide new
information on this aspect.

Though, the raw materials of the Hungarian artefacts are very similar to HP metaophiolite
rocks of the Western Alps, the Voltri Massif and the northern piedmont of the Apennines (North-
western Italy) (D’ Amico et al. 2003; Pétrequin et al. 2012d), we do not make statements on the
exact provenance. These three areas are rather large, are about 1000 km distant from the
Carpathian Basin but practically in the same direction, and therefore from the aspect of
prehistoric contacts they have the same significance.

As a final note, showing the direction of future research, D’Amico and Starnini (2012)
proposed a more detailed distinction of lithotypes on the base of the textural details, alteration
products and accessories. They also tested the differentiation of possible primary, secondary or

even tertiary sources. Giustetto and Compagnoni (2014) call our attention to the more detailed
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mineral chemistry studies (of both Na-pyroxenes and garnets) suggesting using them as
potential clues to determine the supply sources. These researches emphasize the role played by

detailed petrographic investigation in the precise identification of HP metaophiolite polished

stone tools and show a first step for future studies.
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Chapter V: Conclusion and summary

V/1. Problem & solution

Non-destructive or micro-invasive methods are crucial during the investigation of cultural
heritage; however, the necessary instrumentation is hardly or not available in Hungary,

especially from point of view (POV) of budgets of projects, which are running on these topics.

Our project was begun with gemstones inlaid in jewellery, and their special sample

preparation method for SEM-EDX investigation (e.g. Horvath et al. 2013).

Later, this method was extended to polished stone tools, at first, to have more detailed
information on three stone tools from Mihaldy- and Ebenhoch collections. Their unique, HP
raw material was confirmed earlier with another method, PGAA (Friedel et al. 2008, Szakmany
et al. 2011), however, further details were necessary to collect more specific data about texture
and mineral chemistry. Since these three items are completely intact axes carved from HP
metaophiolite, from a raw material group, which was unknown among Hungarian stone
implements, there was no possibility to perform destructive investigations. Then, for these
investigations, the original sample preparation method for jewellery was adapted to the new

challenges, according to this list:

Revealing lot of useful data about these three items (Szakméany et al. 2013a-b) was the lead
to extend the method to other stone tool raw material types, in fields of both metamorphic and
volcanic rocks, like contact metabasite, nephrite, hornfels; basalt and foidite; however, detailed
presentation of all investigated raw material types is not among the goals of this study, they can

be found among the enlisted publications of the author.

V/2. Analytical methods

Due to the sensitive nature of the most investigated objects, main method was the SEM-EDX
investigation combined with the original surface investigation method described in Chapter II;
however, there were a few fractured axes where was possible to make polished thin sections.
This was especially important during the demonstration of original surface investigation
method, where results from polished thin sections were directly compared with results from the
original surfaces of the exactly the same stone implements. An interlaboratory test was
performed also during these comparisons, where the results from thin section were measured in

another laboratory. Other methods were used during the investigation series:
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- Two polarizers petrographic microscope for thin sections (Chapter II.
only);

- PGAA for bulk rock chemistry;

- Magnetic susceptibility measurement to perform a very basic grouping
on the investigated pieces;

- Stereomicroscope was used for choosing the areas to be investigated.

Main instrument during the investigations was the AMRAY 1830 SEM at the Department of
Petrology and Geochemistry, E6tvos Lorand University, Budapest, Hungary. This SEM 1is
equipped with a quite large sample chamber to have enough room for even a 30 cm long and
even 5 cm thick stone implements. Detailed description of the instrument and the used method
can be found in Chapter II. All measurement were standardized, the applied microanalytical
standards are international standards with well-known compositions, their details can be found

in the related chapters.

For SEM-EDX investigations, a special preparation and investigation method were used,
their detailed presentation can be found in Chapter II. This method is the original surface
investigation method, which allowed to investigate these objects without invasive sample

preparation.

During this special preparation process, a layer of conductive carbon has to be applied on
the surface of the objects to be measured. This layer can be easily removed immediately after

the investigation (Chapter IL.).

V/3. New results of this study

New results of this study are presented in short thesis points below.

Thesis 1:

Original surface investigation method requires a special sample preparation method to

be a completely non-destructive investigation.

Original surface investigation method was developed for non-destructive investigation of
cultural heritage artefacts, especially with geological origin, like gemstones and stone
implements with well-polished surfaces. This method allows to investigate these objects
without any invasive preparation process, like cutting, mounting, grinding and polishing which
are the essential parts of the normal petrographic or metallographic sample preparation

methods.
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Steps of sample preparation process for stone implement investigations:

- Step 0: Though it is not the part of “real” sample preparation, it is a
crucial one: prior to any other preparation step, it is essential to decide the final
setup of the object during the investigation. For this, it is necessary to make trials
on the SEMs sample holder to reveal the suitable surfaces for EDX measurements.
Important criteria during this test:

= The investigated item has to be in stable position;
= The investigated surface has to be perpendicular to the e” beam;
= [deal working distance must be achieved.

- Step 1: If all the above-mentioned criteria are fulfilled, select an area on
the chosen surface to investigate. It is recommended to use stereomicroscope for
the best results.

- Step 2: Cover the surface of the object with aluminium foil, except the
area which was chosen for investigation. Another working method is to cut out the
aluminium foil at the desired location prior the carbon coating.

- Step 3: Perform a carbon coating process on the object. Proper
positioning of the object is very important because carbon coating is a “line of sight”
process, so area to be coated has to be positioned towards the source of carbon.

- Step 4: After the carbon coating, aluminium foil has to be left on the
object to be investigated, because this will be the conductive media to make possible

the investigation.

After these steps, the investigation can be performed with the setup of the object defined

during the step 0. After the investigations, carbon layer can be removed easily with a soft cloth,

a small amount of organic solvent, or water and a gentle rubbing of coated surfaces. For the

best results, it is recommended to perform this step immediately after the investigation.

Thesis 2:
Usability of chemical and textural results of original surface investigation method have

been proved by a test series performed on stone implement samples were investigated by

destructive and non-destructive ways.

This method originally was developed to investigate inlaid gemstones, and later was adapted

for non-destructive testing of the two identified HP metaophiolite polished stone axes from

Bakony Mts, and a third one from Almasneszmély, Hungary. After the success of first trial, a
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question was arisen: is this method good for other raw material types also? As a kind of good
luck, a group of stone implements from Didsviszlé (Baranya County, Southern Hungary) were
allowed to be cut for thin section showed up at the very same time. During the testing of method,
this set of stone implements was extended with two other stone tools. These two stone
implements already had polished thin sections from earlier investigations. One of them, from
Veszprém-Kadarta, was investigated by our lab (Oldh et al. 2012), other one is from
Balatondszdd, and it was investigated by the lab of Geological and Geochemical Institute of
Hungarian Academy of Sciences (Péterdi 2011, Horvath T. & Péterdi 2012) made us to perform
an interlaboratory comparison also. During this test series, it is turned out the original surface
investigation methods is working well from POV of both imaging and mineral chemistry. BSE
images are able to reveal the basic texture of rocks, zoning of individual minerals and chemical
composition of most rock forming minerals, including feldspars, amphiboles, pyroxenes,
epidote, muscovite, opaque minerals, like ilmenite and other accessories, €.g. zircon, monazite
and apatite. Based on the results discussed in Chapter II. in most cases mineral compositions
from the original surfaces are very similar to their thin section counterpart. This determination
is valid in the case of interlaboratory test also. Practically it means that stone implements with

raw materials built up these stable phases are determinable with this method.

Thesis 3:
Limitations of original surface investigation method were determined by the very same

test series.

During the comparison tests, some limitations of this method were revealed also from both
imaging and chemical measurement POV-s. On roughly polished specimens, mineral zoning
may not observable (however it is measurable by mineral chemistry). Other problem can be the
alteration of some minerals, like sericitization, however it can be solved with use of higher

magnification during the investigation.

Phase alteration affects the original surface investigation method much deeper: while cutting
of a rock sample with weathered surfaces will reveal the intact core of the specimen, a stone
tool with non-stable phases on its surfaces can cause confusion during the evaluation of results
and it may lead to false interpretation. Fortunately, there is not much mineral phases tends to be
disappeared during the burial time, at least in stone implements. Most affected phases are foids,
like analcite, nepheline and sodalite; and the volcanic glass. All of them can be altered to clay
minerals during the few thousand years of burial in the soil makes the identification of raw

material impossible by the original surface method.
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This kind of alteration is affecting the texture of the original surface of these rocks also;
disappeared phases are leaving holes, pits on the surfaces, and most of the filled up with clay
minerals. Large amount of clay minerals on the surface is the only evident that the results are
not suitable to step forward. In these cases, application of destructive methods is cannot be

omitted if it is possible.

Another limitation of this method is a consequence of the lack of the sample preparation.
Unpolished surfaces are affecting both the imaging — where the unevenness of the surface may
mask of the chemical differences inside the minerals — and the chemical measurements also.
During microanalysis, grain surfaces may not horizontal perfectly and their positions can
change one-by-one, so results measured in this way may not suitable for sophistic geochemical

calculations, like thermobarometry or age determination.

Thesis 4:
Original surface investigation method is working on inlaid gemstones also.

From the other hand, this method is able to provide data on inlaid gemstones where the most
basic and traditional gemmological investigation method, refractometry fails due to the lack of
direct connection between the inlaid gemstone and the refractometer. Sample preparation is
very similar to the stone implements’ preparation, however there are a few differences. First
thing is that the investigation of inlaid gems requires a much more precise positioning, because
some artefacts has inlaid gemstones on more than one surfaces (e.g. a ring or a bracelet). In
these cases, objects have to be tilted, rotated and replaced during the investigation to check all

the inlayed gems.

Another important difference is the covering process: The whole item must be covered
carefully to avoid the contamination of the metal framework of the inlaid gemstones, and
aluminium foil must be punched through only over the gemstones to be investigated. Other
difference that the covering foil better be removed after the carbon coating, as the metal
framework is conductive, and maybe it has to be investigated also. Last but not least, removing
the carbon layer has to be performed in the gentlest way, under stereomicroscope, with use of
organic solvents like alcohol. Fortunately, very smooth, well-polished surfaces of gemstones

make the removing process easier.

As it can be seen below, the preparation steps are very similar for the gemstones than the

stone implements:
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- Important criteria are the same:
= The investigated item has to be in stable position. If one items needs
to be investigated in different positions, all positions have to be
planned prior the investigation;
= All investigated surfaces have to be perpendicular to the e beam;
= [deal working distance must be achieved for all positions.

- Step 1: If all the above-mentioned criteria are fulfilled, select the inlaid
gemstones to be investigated. In case of small jewellery, may all inlaid stones can
be investigated in one setup. If necessary, multiple positions have to be determined
prior the investigation. For gem selecting it is recommended to use
stereomicroscope.

- Step 2: Cover the surface of the object with aluminium foil, and cut out
the foil over the gemstones to be investigated prior the carbon coating.

- Step 3: Perform a carbon coating process on the object. Proper
positioning of the object is very important because carbon coating is a “line of sight”
process, so area to be coated has to be positioned towards the source of carbon.

- Step 4: After the carbon coating, aluminium foil has to be removed from
the item, because metal framework will be the conductive media in this case.
Removing the foil is allowing the investigation of the metal part of the jewellery
also, so it is the better option in this case.

- Step 5: Put conductive tape on to the gemstones to connect the carbon
layer to the metal framework of the jewellery. This step is necessary for avoid the

charging during the investigation.

Gemstones have a large advantage over the polished stone implements: their surface is

completely plane, and it has much better quality as most of them had been polished until their

surface are shining like a mirror. That makes them better subject of investigation, since their

surface is met the requirements of microanalyses. Other advantage of gemstones is the stability

of these minerals: in general, hard and stable stones were chosen for gems — beyond their

beautiful appearance of course.

Gemstones frequently have inclusions on their surface. This method allows the investigation

of inclusion assemblages uncovered during the polishing of the gemstones, from point of view

of both chemical composition and texture. These information with the chemical composition of

gemstones may lead to the determination of the source area of the gemstone, and may help to
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reveal commercial connections between the source area and the finding area of the investigated

item.

Thesis 5:
Original surface investigation method was a powerful tool to prove that stone tool

carved from HP metaophiolite raw material are present in Hungary in a relatively large

number.

Investigation of stone implements is a current topic all over Europe, to uncover the
connection among the ancient people. High pressure metaophiolites, like jadeitites, are not
widespread raw material, and this makes them a perfect tool to track down commercial

connections and routes across over the prehistoric Europe.

During our work on these stone implements, an interesting difference from Western Europe
attracted our attention: the low penetrations of HP stone implements towards East. Beside the
few artefacts from Varna, they were practically unknown for a long time at the eastern region
of Europe, including the Carpathian Basin and its environs. Altogether a few pieces were known
from Croatia (Milogevi¢ 1999; Petri¢ 1995, 2004), in the Czech Republic (Schmidt and Stelcl
1971; Ptichystal 2009; Ptichystal et al. 2011) and two pieces from Slovakia (Hovorka et al.
1998, 2008; Pétrequin et al. 2011, 2012¢). These numbers were increased during this work to
25 proven HP artefacts finds from the Carpathian Basin, with a very wide range covering
practically the whole Transdanubian region incorporated an area located North from Danube
River in today’s Slovakia; and appears also in Eastern Hungary with a single location in

Hodmezdvasarhely-Gorzsa (Figure V/3).

Before 2008 HP metaophiolite raw material there were practically unknown among the stone
implements found in Hungary. Friedel and colleagues (2008) mentioned this raw material type
among the pieces of Ebenhoch collection without any detail, just mentioning that the group was
determined based on PGAA analysis and magnetic susceptibility measurements, and other
(destructive) investigations were not allowed since the tools were completely intact. The
endeavour to step forward and collect more (textural and mineral-chemical) details about these
items without involving destructive analytical methods was led to the development of original
surface method. All the first three stone implements investigated by the original surface method
was HP metaophiolite and was published by Szakmany and colleagues (2013). During the next
few years, collection of HP metaophiolite stone implements was grown from 3 pieces to 13 in

the first step (Bendd et al. 2014), and later to 25 (Bendd et al. 2018). Since the first tree pieces
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were all stray finds, during the next years, it turned out that some of the archaeological
excavations uncovered HP metaophiolite stone implements also. According to the actual
situation, there are 14 stray finds among the Hungarian HP metaophiolite tools, and 11 pieces

were found during archaeological excavations from different localities (Figure V/3):

- Alsonyék: 5 pieces;
- Zengdvarkony: 3 pieces;
- Szombathely-Olad: 2 pieces;

- Hodmezdvasarhely-Gorzsa: 1 piece

The first three localities are belonging to
the Lengyel culture which was widespread
in Transdanubia, while
Hodmezdvasarhely-Gorzsa is belonging to
the Tisza culture which was a
contemporary culture with lot of
commercial connections with the Lengyel

culture.

Another interesting difference from the

JADE 2012_0053
AROCHE
(Spain)

Western European findings that, the really g

large sized artefacts (up to 46 cm), which Figure V/1. Large sized jadeitite implements
and a modern copy. Pétrequin et al. 2017a.

are characteristic for there, are completely

o ' V/1. dbra. Nagyméretli jadeitit keszkbzbk és
missing from the above-mentioned artefact  egy modern mdsolat. Pétrequin et al. 2017a.
assem-blages, where small and medium
sized pieces can be found with a maximum

length of 16-18 cm (Figure V/I).

Thesis 6:
Based on the textural and mineral chemical results acquired by the original surface

investigation method from HP metaophiolite stone implements, it has been proven that

multiple HP metaophiolite types are represented among the Hungarian stone implements.

For grouping of raw materials, classification was presented in D’ Amico et al. 2003 was used
in this work also. Based on textural and mineral chemistry data by SEM-EDX, and bulk
chemistry data by PGAA, five groups were distinguished: jadeitites, mixed jadeitites, Fe-
jadeitites, omphacite/glaucophane schist and eclogite (7able V/I).
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Table V/1: Grouping of the investigated 25 HP metaophiolite stone tools identified in the Hungarian archaeological record based on their texture, mineral composition
and bulk rock chemistry information.
V/1 tablazat: A Magyarorszagon azonositott ¢s megvizsgalt 25 HP metaofiolit nyersanyagti kéeszkoz csoportositasa a szdveti jellegeik, asvanyos dsszetételiik és a
teljeskdzet Osszetételiik alapjan.
# | Grou Short description of grou Inventory number of Localities Context
P P group related stone tools
1 66/1883.147 Szentpéter (Svaty Peter, SK) Stray
2 ) o ) 117/1884.130 Lekér (Hronovce? SK) Stray
|| Contains much more jadeite than omphacite
3 and/or Fe-jadeite. Na-pyroxenes are generally 141/1882.44 Kovesd (Kamenica nad Hronom, SK) Stray
— zoned, they have large jadeite core and thin
4 | Jadeitite omphacite rim. 300/1876.264 Bakonypéterd Stray
| Accessory minerals are zircon, allanite, titanite
5 and xenotim. 55.1276 Bakony Stray
P Texture can be slightly oriented. T
6 M6.2010.10B.6348.1 Alsonyék Lengyel culture, grave
7 M6.2010.10B.6380.1 Alsonyék Lengyel culture, grave
8 Contains zoned Na-pyroxenes, they have 39/1903 Iszkaszentgyorgy Stray
N jadeite core and Fe-jadeite rim. Omphacite and )
9_ Fe-jadeitite aegirine-augite are missing. — —— sy
10 Accqssoq miqerals are.zircon, rutile, ‘Fitanite, 300/1876.247 Almésneszmély Stray
|| allanite, ilmenite, xenotime and monazite.
11 Texture can be slightly foliated. M6.2010.10B.792.2 Alsényék Lengyel culture, grave
12 M6.TO.10/B.6320 Alsonyék Lengyel culture, grave
13 Contains zoned Na-pyroxenes, they have N1/81-1938 Zeng@varkony Lengyel culture, grave
— Mixed jadeite core and Fe-jadeite or omphacite or
14|, .. aegirine-augite rim. 81/W2.5 Zirc Field survey
jadeitite and . . . .
. ixed Accessory minerals are zircon, allanite, rutile,
15 | 'ron mixe apatite, ilmenite and titanite. N11/169-1938 Zengbvarkony Lengyel culture, grave
|| jadeitite . .
Chlorite can be found as retromorphic phase. } . ]
i Texture is homogeneous in general. 99.3.1863 Hodmezbévasarhely-Gorzsa Tisza culture, settlement
17 Olad-329 Szombathely, Olad Lengyel culture, settlement
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Table V/1 — continued

V/1 tablazat — folytatas

Inventory number of

# | Group Short description of group related stone tools Localities Context
Contains zoned Na-pyroxenes with omphacite
18 core, and jadeite rim. o _ 106/1882.58 Mogyor6d? Mogyoros? Stray
. Accessory minerals are ilmenite, apatite,
Omphacite/ .
— glaucophane titantte.
glau According to the texture, glaucophane was
schist .
formed in the latest, retrograde stage of
19 metamorphism. N5/47-1939 Zengdvarkony Lengyel culture, grave
Slightly foliated/oriented texture.
2 . . . 1883.41 Farnad (F K t
_0 Contains high amount of garnets in addition to 66/1883 arndd (Farna, SK) Stray
21 Na-pyroxenes. Omphacites seem to be 66/1883.173 Szégyén (Svodin, SK) Stray
S—— homogenous, but in according to the data their
22 core is slightly enriched in jadeite. Accessory 177/1872.1/2 Unknown (Vét?) Stray
—1 Eclogite minerals are ilmenite, zircon, apatite and
23 rutile. Retromorphic phase (epidote) occurs M6.2010.10B.3060.3 Alsonyék Lengyel culture, grave
| rarely. Garnets are slightly zoned, but this ) ) )
24 zonation is invisible on the rough surfaces. 117/1884.213 Vamosladany (Mytne Ludany, SK) Stray
[ ] They have foliat iented texture.
25 ey have foliated/oriented texture Olad-321 Szombathely, Olad Lengyel culture, settlement
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Thesis 7:
Based on the previously presented data, the origin of the HP metaophiolite polished

stone artefacts found in Hungary is most likely the Western Alpine HP-LT metaophiolite

source.

Products of this source were widely sought-after stone tools in the Neolithic Europe with a
long-distance trade network from the Western Alps to Scotland, to Scandinavian peninsula, to
Iberian Peninsula and towards East, to the nowadays Bulgaria (Figure V/2) (Pétrequin et al.
2011). Their origin from Monviso or Voltri Massif is a widely proven fact by the group of
experts are working on this topic since a long time (JADE & JADE 2 projects). According to
their results these raw materials of the Western Alps were used as very important symbolic items
(D’Amico et al. 2003; Pétrequin et al. 2011). This kind of HP-LT metaophiolitic rocks are

characteristic rocks of the Western Alps, where they can be found from Aosta valley area at

All Alpine jades
no / parish
C 1

O 10

O
\\\_/ 100

3

Data: P. Pétrequin, ANR JADE 2 (ANR- 12-BSH3-0003), May 2016, Maps: ESRI WBM, SRTM. GIS: E. Gauthier, MSHE Ledous, Besangon, 2016.

Figure Vi/2. Alpine jades in Europe, 6th-4th millennia BC. Axeheads longer than 13.5 cm. Pétrequin
etal, 2017a.

V/2. dbra. Alpi jadeitit anyagu kéeszkéz6k Eurépdban, az i. e. 6. — 4. évezredben. Csak a 13.5 cm-
nél nagyobb méretli eszkézék vannak feltiintetve. Pétrequin et al., 2017a.
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North till Monviso at South and in the Voltri Massif at the north-western end of Apennines
(Monte Beigua, Liguria) (Figure V/3).

' L T

Figure V//3. Map of provenance and locality range in Carpathian Basin based on this work.

Possible provenances of HP raw materials are marked with different colours:
Western Alps, Voltri Massif,
Most important localities of artefacts:
- Transdanubian region with Southern Slovakia (all investigated collections and archaeological
localities) covered with a green area, except:
- Hédmezévdsarhely-Gorzsa — the single point in Southeastern Hungary.

V/3. abra. A forrastertiletek és a Karpdt-medencében taldlhatd lelGhelyek térképe.

A kiilénb6z6 forrdsteriiletek kiilénb6z6 szinekkel vannak jelélve:

Nyugati Alpok, Voltri Masszivum,

A kéeszkbzok legfontosabb lelGhely tertiletei:
- Dundntul és Dél-Szlovdkia zélddel lefedett teriilete (minden megvizsgadlt gylijtemeény és régészeti
lelGhely), kivéve:
- Hodmezévdsdrhely-Gorzsa — az egyetlen lel6helye Délkelet-Magyarorszdgon.

Map source / Térkép forrdsa:
http.//upload.wikimedia.org/wikipedia/commons/7/79/Europe_relief laea_location_map.jpg

The other possible provenances are secondary and tertiary raw material sources. Secondary
sources are conglomerates which are positioned at the piedmonts of the Western Alps and Voltri
Massif (D’Amico and Starnini 2006) and deposited during the Oligocene epoch. These
Oligocene conglomerate deposits resedimented after the last Ice Age into tertiary raw material
sources can be found in recent conglomerates of the Staffora and Curone rivers in area of NW

Apennines (D’Amico and Starnini 2012). Sediments of upper Po River also contains this kind
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of HP metaophiolitic rocks, which most probably were originated from the Monviso area

(Pétrequin et al. 2012d) (Figure V/2).

Differentiation of these Western Alpine sources is difficult, and exact source determination
of the investigated stone implements exceeds the aims of this work, however, their variable
materials and compositions suggest that, they are not originated from a single source; the most
probable scenario is that they were transported from different areas of Western Alps and or
Voltri Massif.

V/4. Conclusion

During the two years, when the investigations of these artefacts were performed, number of
identified HP metaophiolite stone implements was grown from 3 to 25 pieces. In our first article
about this subject (Szakmany et al. 2013) we gave detailed description about three axe heads,
while in this work 25 pieces of HP metaophiolite stone implements are presented divided into
groups according to their rock type, and all groups are introduced with detailed description of
main and accessory minerals, textural characteristics, and phases alterations if they were
present. This significant increment was the result of systematic searching for greenstone
artefacts in different collections (mainly in museums, however one HP metaophiolite tool was
identified in a private collection also) and application of non-destructive analysis methods
(PGAA and original surface method presented in this work) on artefacts which are not allowed
to be a subject of destructive analysis. These methods proved their applicability to identify the
raw materials of different stone artefacts, and proficiency to provide good quality data for
comparison with data in the international literature. Based on the results, the origin of this raw
material type is the Western Alps and/or the Voltri Massif, and/or secondary/tertiary sources
sedimented from the erosion of the above-mentioned primary locations. Exact locations of these
raw materials were not determined since all the above-mentioned locations are close to each
other in the same direction and distance from Carpathian Basin, which means that practically

they have the same significance from POV of contacts among the folks of prehistoric Europe.

With this work, proven range of HP metaophiolite stone implements now is covering the
Transdanubian region, and one piece appears at Eastern Hungary also (Figure V/3). For the
different distribution, there was a widespread explanation, that the jadeitite and the copper and
gold items were in complementary distribution in Europe (Klassen et al. 2012) (Figure V/4),
however, according to the Hungarian archaeological record, they did not appear in the same
archaeological periods: all the HP metaophiolites from known archaeological context are

belonging to the Late Neolithic and Early Copper Age Lengyel Culture and Tisza Culture which
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were flourished in the second half of the V Millennium (approx. 4800—4500 BC) (Visy 2003;
Diaconescu 2014); while the very early Copper Age first gold and copper artefacts can be dated

to the younger Middle Copper Age (Virag 2003).

0 250 500 Km
| IS

Figure V/4. Distribution of alpine jades and early
metal (gold and copper) artefacts in Europe, 6™ — 4t
millenia BC. (Modified after Klassen et al. 2012).

V/4. dbra. Az alpi jadeitit nyersanyagu kBeszkézok
és korai fémtdrgyak (arany és réz) teriileti eloszldsa
Eurdpdban azi. e. 6. —4. évezredben (Klassen et al. 2012
alapjdn modositva.)

Mines and Gold finds Copper axes Alpine axes
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V/5. Other results with using the original surface investigation method

Based on results about HP metaophiolite stone implements, our research was extended to
stone implements made of nephrite, serpentinite and hornfels raw materials. However, these
researches are not finished yet, some important articles and conference papers were published.

Some important results are listed below, along with the results of the inlaid gemstones.

HORVATH, E., BENDO, Z., MAY, Z. (2013). One hundred year later... Characteristics of
materials technology and workshop affinities of the polychrome metalwork from Géava
(North-East Hungary). In: Macht des Goldes, Gold der Macht: Herrschafts- und
Jenseitsreprisentation zwischen Antike und Friihmittelalter im mittleren Donauraum.

251-280.

PETERDI, B., SZAKMANY, G., JUDIK, K., DOBOSI, G., KASZTOVSZKY, Z., SZILAGY],
V., BENDO, Z., (2013). Késé rézkori nefrit vésObalta koézettani és geokémiai
vizsgalatanak eredményei — kitekintéssel az ismert eurdpai nefritlel6helyekre
(Balaton6szod — Temetoi diil6 leldhely, badeni kultura). In: IV. K6zettani ¢s Geokémiai

Véndorgytilés kiadvanya: 100-105.

BENDO, Z., HEINRICH-TAMASKA, O., HORVATH, E. (2014). Material- und
Herstellungsanalysen der goldenen und vergoldeten Metallfunde aus dem Grab A von

Keszthely-Fenékpuszta, Odenkirche-Flur. In: Die Griberfelder von Keszthely-
Fenékpuszta, Odenkirche-Flur. 311-336.

PETERDI, B., SZAKMANY, GY.,, JUDIK, K., DOBOSI, G., KASZTOVSZKY, ZS.,
SZILAGYI, V., MAROTI, B., BENDO, ZS., GIL, G. (2014). Petrographic and
geochemical investigation of a stone adze made of nephrite from the Balaton6szod -
Temetdi diilo site (Hungary), with a review of the nephrite occurrences in Europe
(especially in Switzerland and in the Bohemian Massif). Geological Quarterly 58, 1, 181—
192.

PETERDI, B., SZAKMANY, G., BENDO, Z., KASZTOVSZKY, Z., T. BIRO, K., GIL, G.,
HARSANYI, 1., MILE, V., SZILAGY]I, S. (2014) Possible provenances of nephrite
artefacts found on Hungarian archaeological sites (preliminary results). Archeometriai

Miihely X1/4 207-222
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SCHILLING, L., BENDO, Z., VACZI, T. (2015) Rangos szarmata temetkezés Szolnok-Sziics-
tanya leldhelyrdl (Ein sarmatisches Adelsgrab am Szolnok-Sziics-tanya). In: TURK A.,
BALOGH C., MAJOR B. (2015) Hadak utjan XXIV. A népvandorlaskor fiatal kutatdoinak
XXIV. konferencigja. 227-256

SZAKMANY, G., JOZSA, S., BENDO, Z., KASZTOVSZKY, Z., HORVATH, F. (2016B)
Magyarorszagon eldkeriilt hornfels (mész-szilikat szaruszirt) anyagu csiszolt kdeszk6zok
nyersanyaglelohelyének felkutatasa / Discovering the provenance of hornfels polished

stone tools in Hungary. Archeometriai Mithely XIII/1 43-54

HORVATH, E., MOZGAI, V., BENDO, Z., BAINOCZI, B. (IN PRESS). Archaeometric
investigation on polychrome jewellery from the Langobardic-period cemetery at Szolad—
Kertek mogott, with special focus on niello and garnet inlays. In: VIDA, T., WINGER,
D. (eds): Szolad II. Das langobardenzeitliche Griberfeld: Funde, Archiometrie,
Biorchaeologie. Reichert Verlag, Wiesbaden, Germany. p 60.

HEINRICH-TAMASKA, O., HORVATH, E., BENDO, ZS. (2018): Before or after AD 568?:
Technological observations on the gold objects from Grave 2 at Keszthely-Fenéki Street.
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Magyar nyelvii 6sszefoglalas



Osszefoglalas

A probléma ismertetése

A geologiai mintak eldkészitése soran teljesen megszokott a mintak dsszetorése, elvagasa,
poritasa, egyszoval roncsoldsa. Ilyen vizsgalati modszereket viszont nem alkalmazhatunk
kulturdlis Orokségiink 4svany vagy koézet anyagu targyaindl, példaul ékszerek
dragakdberakasainal, szobrok, vagy festmények pigmentjeinek vizsgéalata soran. Ilyen
esetekben a roncsolasmentes (esetleg mikroroncsolasos) mddszerek alkalmazasa kiemelten
fontos ezeknek az egyediilallo és megismételhetetlen targyaknak a megdrzése szempontjabol.
Ez kiilondsen igaz akkor, ha azok sértetlenek, j6 mindségiiek és részletes régészeti vagy
torténelmi dokumentacioval rendelkeznek. Az archeometria kezdetei 6ta mindig nagy
probléma volt, hogyan lehet a lehetd legtobb informaciot kinyerni, anélkiil, hogy kéarositanak
vagy megsemmisitenék ezeket a hihetetlen torténelmi hattérrel rendelkezd targyakat. A
kokorszaki eszk6zok vizsgalatanal is célszerli roncsolasmentes vizsgalatokkal kezdeni, és csak

erosen sériilt, toredékes darabok esetén roncsolni a mintakat.

Az elemzési technikak fejlédése tobb részleges valaszt is adott a fenti problémadra
kiilonbozd elemzési modszerek formdjaban. Ezek a modszerek egymds eredményeit
kolcsondsen aldtamasztjak, azonban egyik sem képes 6nmagaban minden sziikséges valaszt
megadni. Sajnos azonban a leggyakrabban hasznalt roncsoldsmentes modszerek (XRF, Raman)

egyike sem tud képi informaciot adni a kdzetszovetrol.

Anyagvizsgalati modszerek

A mintédk teljesen roncsolasmentes vizsgalatdnak igénye és a vizudlis informaciok
sziikségessége egy specialis mintakészitési modszer kidolgozasahoz vezetett, amely lehetové
teszi olyan mintdk vizsgalatat, amelyekrdl e modszer nélkiil nem lehetett volna részletes
informdciokat szerezni. Ezt a mddszert ,,eredeti felszin vizsgéalat’-nak neveztiik el, mivel a
vizsgalt targyak eredeti (habéar alaposan megtisztitott) feliiletére Osszpontosit. Ennek a
modszernek 6 elénye a hagyomanyos, széles korben hasznalt és elérhetd elektronnyaldbos
anyagvizsgalat, amely mind szoveti, mind (d4svany)kémiai adatokat szolgaltat a mintakrol.
Mivel az ,eredeti feliileti modszer” nem igényel vagast, csiszolast vagy egyéb roncsolésos

elokészitést, ez a modszer roncsolasmentesnek tekinthetd (Bendo et al. 2013).

A vizsgélathoz az ELTE Kdzettan-Geokémiai Tanszékén 1évé nagyméretii mintakamréaval

felszerelt pasztazo elektronmikroszkopot hasznaltuk, melyben akéar 30 cm hosszi mintékat is



megvizsgalhatunk. A mintdk egy specialis mintaeldkészitési eljardson mennek keresztiil,
melynek fObb Iépései a tisztitas, a vizsgalando feliilet kijelolése, a feliilet beburkolasa
alufoliaval, legvégiil pedig az el6z6 1épések soran kialakitott feliilet vezetdvé tétele vékony
szénréteg ragdzolésével, mely a vizsgalat utdn nyomtalanul eltavolithatd. Ezek utan keriilnek
be a leletek a pasztazo elektronmikroszkop mintakamrajaba, ahol a koradbban elékészitett

tertiletrél készithetiink fotokat és méréseket (Bendo et al. 2013).

A disszertacioban bemutatott mintdk egy része toredékes volt, ami lehetévé tette, hogy
roncsolasmentes vizsgalataink eredményeit a kdeszkozokbdl készitett vékonycsiszolatokon
elvégzett ,hagyomanyos” SEM-EDX vizsgalatok eredményeivel hasonlitsuk Ossze, ezzel
tesztelve modszeriinket. Eredményeink megmutattak, hogy az altalunk alkalmazott teljesen
roncsolasmentes modszer az archeometriai vizsgalatok soran az esetek tobbségében jol
hasznalhato, megfeleld képi és kémiai informéciot ad tobb kdzettipus esetén, azonban az is
kideriilt, hogy néhany koézettipus esetén az eredeti felszin vizsgalati modszer csak
részeredményeket szolgaltat. Ezekben az esetekben pontosabb eredményeket csak tovabbi —

roncsolasos — vizsgalatokkal kaphatunk (Bendd et al. 2013).

Az ,eredeti felszin vizsgalat”-on kiviil hagyomdanyos petrografiai mikroszkopot,
sztereomikroszkopot és magneses szuszceptibilitas méréseket végeztiink, ill. a HP metaofiolit

anyagu kéeszk6zok mindegyikérdl teljeskdzet kémiai elemzés késziilt PGA A-val a KFKI-ban.

A vizsgalt leletek eredete

A referenciaként (tehat eredeti felszinén és vékonycsiszolatban is megvizsgalt kdeszk6zok)
Didsviszlorol (Baranya megye), Veszprém-Kadartarol (Veszprém megye) és Balatondszodrol
(Somogy megye) keriiltek eld. A leletek egy része asatasbol keriilt eld, mas része szorvanylelet

volt (Oléh et al. 2012b, Olah et al. 2013, Péterdi 2011).

HP-LT metaofiolit anyagi kdéeszkdzok sokdig nem voltak ismertek Magyarorszag
tertiletérol, elsdként Friedel et al. 2008 €s 2011 emliti 6ket részletes vizsgalat nélkiil. Kovetkezo
1épésben Szakmany et al. 2013 ir 3 HP-LT metaofiolit kéeszkoz részletes vizsgalatarol, melyek
eredmények ezen disszertacionak is szerves részét képezik. Sajnos ezen kdeszkdzok tobbsége
szorvanylelet, de négy leldhelyrdl 11 darabnak ismert a régészeti kontextusa. Ezek foként a
Dunantulrol keriiltek eld (1 tiszantali darab kivételével), és tobbnyire a késo neolit Lengyel-
kultardhoz kothetok az egyediili tiszantali darab kivételével, amely a késd neolitikus Tisza-

kultarahoz kothetd (Bendo et al. 2014, 2018).



A dolgozat eredményei

A disszertacidban bemutatott eredeti felszin vizsgalati modszerrél bebizonyosodott, hogy
nagyon hasznos lehet a régészeti leletek és mas miitargyak vizsgalata soran, kiilondsen azokban
az esetekben, ahol roncsolasos vizsgalatra nem keriilhet sor. A bemutatott esettanulmanyokbol
kideriilt, hogy a felszinrdl kapott képi és asvanykémiai adatok a legtobb esetben nagyon
hasonlok a vékonycsiszolatbol mért adatokkal. Vizsgalataink soran az is nyilvanvalova valt,
hogy a modszer nem alkalmazhat6 egyértelmi sikerrel minden kdzettipusnal. Ugyanakkor
ezekben az esetekben is kapunk olyan informécidkat (szovet, az eredeti felszinen megjelend
asvanyok kémiaja, és a hidnyz6 fazisok helye, a szovetben), melyek a tobbi roncsoldsmentes
vizsgalati eljarashoz hasonl6an jelentds tobblet informaciot tartalmaznak (Bendd et al. 2013).

A jo mindségl, csiszolt koeszkozok készitésére alkalmas, magas nyomadsu-alacsony
homérséklett (HP-LT) metaofiolit koézettipusok (pl. Na-piroxenit/jade, eklogit) sokaig
ismeretlenek voltak a magyar leletek kozott, és ma is a ritkabb tipusok koz¢ tartoznak.

Az els6 HP-LT metaofiolitbol késziilt ujkokori kdeszkozok eldkeriilése utdn a nagy
kéeszkozgylijtemények részletes petrologiai vizsgalata soran viszonylag nagy szamban
keriiltek el6 ezek a leletek. Jelenlegi ismereteink szerint Magyarorszagrol 25 HP metaofiolit
kéeszkoz ismert. A disszertdcidoban bemutatott leletekkel a HP-LT metaofiolit kdeszk6zok
bizonyitott elterjedési teriilete immar a Dunéantuali régiot, valamint a mai Szlovéakia déli részét
is lefedi (Bendo et al. 2014, 2018).

A vizsgéalatok sordn haszndlt roncsoldsmentes modszerek eredményei alapjan a
koeszkozoket 8 kiilonbdzo csoportba tudtuk sorolni nyersanyaguk szerint D’ Amico et al. 2003
alapjan: jadeitit, kevert jadeitit, vas-kevert jadeitit, vas jadeitit, omfacitit- és glaukofanpalak,
magnézium- ¢és vas-eklogitok.

Adataink alapjan a Magyarorszagon fellelt HP-LT metaofiolit kdeszkdzok valdsziniileg
ugyanabbol a nyersanyagforrasbol szarmaznak, mint az olaszorszagi HP metaofiolit
kéeszkozok (D’ Amico and Starnini 2006), vagyis a nyersanyagforras a mai ENY Olaszorszag
teriiletén helyezkedett el. A témaval foglalkozé szakirodalom szerint mind az elsddleges
(Nyugati-Alpok a piemonti Monviso kornyékén vagy a liguriai Voltri-masszivum), mind a
masodlagos eléfordulasok (a Po, Staffora és Curone folyok negyediddszaki lerakddasaiban)
potencialis nyersanyagforrasok (Pétrequin et al. 2012a, 2012d, D’Amico and Starnini 2006,
2012). Vizsgalataink eredményei megerdsitették a Po-siksdgot a Karpat-medencével 6sszekotd

hosszu tava kereskedelmi utvonalak 1étezését a Kr. e. V. évezredben.
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Zsolt Bend6: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies
Supplementum

Sample DV-346

Korinek Collection, Hungarian National Museum, Budapest

Stray found from DidsviszId, Hungary

Raw material: sodalitic phonolite

Results measured on the original surface

Feldspar mineral chemistry measured on the original surface

D abl ab2 ab3 ab4 ab5 kfs1 kfs2 kfs3 kfs4 kfs5

Oxide | w/w%|+/-2 ol w/w%|+/-2 o| w/w%|+/- 2 o| w/w% | +/- 2 | w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 | w/ W% | +/- 2 o| w/w% | +/-2 | w/w%|+/-2 0
Sio, 67.70| 0.88 | 68.63| 0.72 | 66.07| 0.85 | 68.08 ] 0.80 | 69.99| 0.81 | 66.27| 0.77 | 65.89| 0.72 | 65.41| 0.77 | 66.51| 0.76 | 65.65| 0.72
Al,O4 21.35] 0.53 | 18.89| 0.38 | 22.29| 0.53 | 20.13] 0.45 | 19.99| 0.44 | 19.04| 0.42 | 18.87| 0.39 | 18.77| 0.41 | 18.80| 0.41 | 18.86| 0.39
Ca0 n.d. - 0.26 | 0.01 | 0.70 | 0.03 | 0.52 | 0.02 | n.d. - n.d. - n.d. - n.d. - n.d. - n.d. -
Na,O0 10.80| 0.78 | 11.92| 0.61 | 10.36] 0.71 | 10.64| 0.66 | 9.20 | 0.58 n.d. - n.d. - n.d. - 3.02 | 0.22 n.d. -
K,0 0.16 | 0.01 | 0.29 | 0.01 | 0.57 | 0.03 | 0.62 | 0.03 | 0.82 | 0.03 | 14.69| 0.22 | 15.24| 0.22 | 15.82| 0.23 | 11.67| 0.19 | 15.49| 0.22
Total [100.01] 1.29 | 99.99| 1.02 | 99.99| 1.23 [ 99.99| 1.13 |100.00] 1.09 |[100.00| 0.90 |100.00] 0.85 |100.00| 0.90 |100.00f 0.91 |100.00| 0.85

Pyroxene mineral chemistry measured on the original surface
1D aegl aeg2 aeg3 aeg4 aegs cpxl
Oxide | w/wW%|+/-2 ol w/w%|+/-2 o] w/w%|+/- 2 o| w/w% | +/-2 | w/w%|+/- 2 ol w/w%|+/-2 0
Sio, 53.60] 0.64 | 51.32| 0.65 | 50.57| 0.66 | 50.13| 0.69 | 49.48 | 0.68 | 50.76 | 0.75
TiO, 1.24 | 0.05 | 097 | 0.04 | 0.44 | 0.02 | 0.49 | 0.02 | 0.49 | 0.02 | 0.97 | 0.05
Al,04 291 | 0.11 | 470 | 0.17 | 259 | 0.10 | 2.75 | 0.12 | 2.13 | 0.09 | 5.52 | 0.21
Fe,04(T) | 24.92| 0.39 | 26.13| 0.42 | 28.10| 0.45 | 32.98| 0.51 | 31.98 | 0.50 - -

FeO(T) - - - - - - - - - - [12.68] 0.32
MnO 1.00 | 0.04 | 0.95 | 0.04 | 2.20 | 0.09 | 1.09 | 0.05 | 0.96 | 0.04 | 0.40 | 0.02
MgO n.d - n.d. - n.d. - n.d. - n.d. - 10.45| 0.48

Ca0 3.04 | 0.08 | 3.54 | 0.10 | 7.31 | 0.15 | 6.03 | 0.14 | 6.74 | 0.15 | 19.23| 0.31

Na,0 13.30| 0.77 | 12.41| 0.80 | 8.79 | 0.61 | 6.52 | 0.50 | 8.22 | 0.62 n.d. -

Total |[100.01] 1.09 [100.02| 1.13 |100.00] 1.02 | 99.99| 1.01 |100.00f 1.06 |100.01] 1.01
FeO(Tc) | 22.42] n.a. | 23.51| n.a. | 25.28| n.a. | 29.68| n.a. | 28.78| n.a. - -
Fe,05(Tc) - - - - - - - - - - 14.09| n.a.

Results measured on thin section

Feldspar mineral chemistry measured on the thin section

ID abl ab2 ab3 ab4 ab5 afsl afs2 afs3 afs4 afs5
Oxide | w/w%|+/-2 ol w/w%|+/-2 o| w/w%|+/- 2 o| w/w% | +/- 2 | w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 | w/W% | +/- 2 o| w/w% | +/-2 6| w/w%|+/-2 ¢
Sio, 68.81] 0.71 | 68.82| 0.71 | 68.61| 0.75 | 67.97] 0.73 | 68.65| 0.74 | 67.86| 0.70 | 66.44| 0.68 | 65.70| 0.68 | 65.84| 0.71 | 67.79| 0.73
Al,05 19.44 | 0.39 | 19.53| 0.39 | 19.38 | 0.40 | 20.25| 0.42 | 19.48 | 0.41 | 20.21| 0.39 | 19.99| 0.39 | 21.07 | 0.41 | 19.85| 0.40 | 19.48| 0.40
Na,0 11.45| 0.63 | 11.41| 0.64 | 12.01] 0.68 | 11.47| 0.66 | 11.58 | 0.66 | 8.47 | 0.50 | 6.75 | 0.41 | 6.97 | 0.42 | 2.29 | 0.17 | 7.02 | 0.44
K,0 0.30 | 0.01 | 0.23 | 0.01 n.d. - 0.30 | 0.01 | 0.30 | 0.01 | 3.46 | 0.08 | 6.82 | 0.12 | 6.26 | 0.12 | 12.02| 0.18 | 5.71 | 0.12
Total |100.00] 1.03 | 99.99| 1.03 |100.00] 1.09 | 99.99| 1.08 |100.01f 1.08 |100.00| 0.95 |[100.00{ 0.90 |100.00] 0.91 [100.00| 0.85 ]100.00| 0.95

Feldspar mineral chemistry measured on the thin section - continued
1D afs6 afs7 afs8 afs9 afs10 kfs1 kfs2 kfs3 kfs4 kfs5
Oxide | w/w%| +/-2 o] w/w% | +/- 2 o| w/w%| +/- 2 o] w/w%| +/- 2 6| w/w%| +/- 2 ol w/w% | +/- 2 6| w/w% | +/- 2 o| w/w% | +/- 2 6| w/w% | +/-2 o| w/w%|+/-2 o
SiO, 67.80| 0.73 | 67.56| 0.73 | 68.20| 0.74 | 66.21] 0.71 | 68.46| 0.74 | 65.84| 0.67 | 66.59| 0.71 | 65.32| 0.70 | 65.50| 0.70 | 65.80| 0.71
Al,04 19.40| 0.39 | 19.26| 0.39 | 19.10] 0.39 | 18.82| 0.38 | 19.38 | 0.39 | 18.77| 0.36 | 19.13| 0.39 | 18.54| 0.37 | 18.44| 0.37 | 18.78 | 0.38
Na,O 7.46 | 046 | 474 | 032 | 738 | 0.46 | 3.01 | 0.21 | 830 | 0.51 | 1.04 | 0.07 | 0.52 | 0.04 | 0.55 | 0.04 n.d. - n.d. -
K,0 535 | 0.12 | 843 | 0.15 | 533 | 0.12 | 11.96| 0.18 | 3.86 | 0.10 | 14.35| 0.19 | 13.76 | 0.20 | 15.58 | 0.21 | 16.06| 0.22 | 15.42 | 0.21
Total [100.01] 0.96 | 99.99| 0.89 |100.01] 0.96 [100.00| 0.85 |100.00] 0.98 |[100.00| 0.79 |100.00] 0.83 | 99.99| 0.82 |100.00| 0.82 |100.00| 0.83

Pyroxene mineral chemistry measured on the thin section
ID aegl aeg2 aeg3 aegd aegh aegb aeg7 aeg8 aeg9 aegl0

Oxide | w/w%|+/-2 ol w/w% | +/-2 o| w/w%|+/- 2 o| w/w% | +/- 2 | w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 | w/W% | +/- 2 o| w/w% | +/-2 6| w/w%|+/-2 0

Sio, 50.82| 0.63 | 52.02 | 0.65 | 51.28 | 0.64 | 51.84| 0.64 | 50.69| 0.63 | 51.84| 0.64 | 50.31| 0.63 | 49.42| 0.62 | 52.36| 0.65 | 50.89 | 0.63

TiO, 0.79 | 0.03 { 1.31 | 0.05 | 0.86 | 0.03 | 0.56 | 0.02 | n.d. - 0.56 | 0.02 | 0.46 | 0.02 | 0.38 | 0.02 | 1.18 | 0.04 | 0.42 | 0.02

Al,O3 1.75 | 0.07 | n.d. - 1.35 | 0.06 | n.d. - 1.74 | 0.07 | n.d. - 146 | 0.06 | 1.42 | 0.06 | 1.78 | 0.07 | 1.62 | 0.06

Fe,04(T) | 29.36| 0.43 | 29.85| 0.44 [ 29.62| 0.44 | 29.79| 0.44 | 29.37] 0.43 [ 29.79| 0.44 | 29.46| 0.43 | 29.90| 0.43 | 29.29| 0.43 | 28.61| 0.43

MnO 0.96 | 0.04 | 1.22 | 0.05 ] 0.97 | 0.04 | 1.14 ] 0.05 | 1.56 | 0.06 | 1.14 | 0.05 | 1.15 ] 0.05 | 142 | 0.06 | 0.99 | 0.04 | 1.72 | 0.07

Ca0 478 | 011 | 475 ) 0.11 | 567 | 0.13 | 641 | 0.13 | 863 | 0.16 | 6.41 | 0.13 | 7.14 | 0.14 | 892 | 0.16 | 434 | 0.10 | 850 | 0.16

Na,0 ] 11.55| 0.74 | 10.85| 0.71 | 10.24| 0.68 | 10.25| 0.68 | 8.01 | 0.55 | 10.25| 0.68 | 10.02 | 0.66 | 8.55 | 0.58 | 10.06 | 0.67 | 8.25 | 0.56

Total |100.01] 1.07 [100.00f 1.07 | 99.99| 1.04 | 99.99| 1.04 |100.00| 0.96 | 99.99 | 1.04 |100.00] 1.02 [100.01f 0.97 |100.00] 1.03 [100.01| 0.96

FeO(Tc) | 26.42| n.a. | 26.86| n.a. | 26.65| n.a. | 26.81| n.a. | 26.43| n.a. | 26.81| n.a. | 26.51| n.a. | 26.90| n.a. | 26.36| n.a. | 25.74| n.a.

List of abbreviations in the tables:
ID: measurement position identification
+/-2 0: +/-2sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

n.d.: notdetected

n.a.. hotavailable

(T): measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

ab: albite aeg: aegirine afs: alkaline feldspar kfs: potassium feldspar cpx: clinopyroxene

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0; assessments of Na-
pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.




Zsolt Bendd: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

Supplementum

Sample DV-347

Korinek Collection, Hungarian National Museum, Budapest

Stray found from DidsviszId, Hungary

Raw material: greenschist

Results measured on the original surface

Feldspar mineral chemistry measured on the original surface
1D abl ab2 ab3 ab4 ab5
Oxide | w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 o| w/w%|+/-2 o
Sio, | 67.65| 0.73] 67.14] 0.75| 67.16] 0.69] 67.62 0.72] 66.99] 0.72
AlLO, | 21.10] 0.44] 20.81| 0.44] 21.04] 0.41| 21.40] 0.43| 21.08] 0.43
CaO | n.d. - 0.25| 0.01f 0.20f 0.01] 0.18] 0.01f 0.23] 0.01
Na,0 | 11.25] 0.66| 11.80] 0.72| 11.44| 0.63] 10.80] 0.64| 11.57] 0.66
K,0 n.d. - n.d. - 0.17| 0.01| n.d. - 0.14] 0.01
Total [100.00] 1.08/100.00f 1.13|100.01| 1.02{100.00] 1.06/100.01| 1.07
Amphibole mineral chemistry measured on the original surface
1D ampl amp2 amp3 amp4 amp5
Oxide | w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 | w/w% | +/- 2 o| w/w%|+/-2 o
SiO, | 56.43 | 0.65 | 55.67 | 0.66 | 55.67 | 0.66 | 55.85| 0.65 | 56.23 | 0.63
Al,O;| 3.03 | 0.11 | 3.61 | 0.13 | 3.61 | 0.13 | 3.00 | 0.11 | 3.50 | 0.12
FeO 9.18 | 0.22 | 941 | 0.23 | 9441 | 0.23 | 9.74 | 0.23 | 862 | 0.20
MnO | n.d. - 0.20 | 0.01 | 0.20 | 0.01 | 0.11 | 0.01 n.d. -
MgO | 16.33 | 0.49 | 16.59| 0.54 | 16.59| 0.54 | 17.32| 0.54 | 18.03 | 0.53
CaO | 12.93| 0.20 | 12.53| 0.20 | 12.53| 0.20 | 11.97| 0.20 | 11.63 | 0.18
K,0 0.10 | 0.00 | n.d. - n.d. - n.d. - n.d. -
Total | 98.00| 0.87 | 98.01 | 0.92 | 98.01| 0.92 | 97.99| 0.91 | 98.01 | 0.87
Pyroxene mineral chemistry measured on the original surface
ID cpxl cpx2 cpx3 cpx4 cpx5
Oxide | w/w% | +/- 2 o] w/w% [ +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/-2
SiO, [ 51.57 0.59 | 51.66| 0.56 | 50.63 | 0.60 | 51.05| 0.62 | 48.19 | 0.67
TiO, [ 0.83 | 0.03 ] 0.80 | 0.03 | 0.61 | 0.03 | 0.79 | 0.03 [ 1.10 | 0.05
Al,O; | 555 [ 017 ] 503 | 015 | 528 | 0.17 | 464 | 0.15 | 3.89 | 0.15
Cr,0;| 054 1 003 015 | 001 | 041 ] 0.02 | 015 | 0.01 | n.d. -
FeO | 5.69 | 0.16 | 6.16 | 0.16 | 6.26 | 0.17 | 6.90 | 0.19 | 10.86 | 0.26
MnO | n.d. - 0.18 | 0.01 [ 0.18 | 0.01 | 0.16 | 0.01 | n.d. -
MgO | 15.67 | 0.47 | 19.24| 0.51 | 17.42| 0.54 | 16.83 | 0.55 | 14.85| 0.58
CaO | 20.14| 0.25 | 16.79| 0.21 | 19.22| 0.24 | 19.46| 0.25 | 21.11| 0.29
Total | 99.99 | 0.83 [100.01] 0.82 |100.01| 0.87 [ 99.98 | 0.90 [100.00| 0.98
Results measured on thin section
Pyroxene mineral chemistry measured on thin section
1D cpxl cpx2 cpx3 cpx4 cpx5 cpx6 cpx7 cpx8 cpx9 cpx10
Oxide | w/w% | +/- 2 | w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 | w/w% | +/- 2 o| w/w% | +/- 2 | w/w% | +/- 2 o| w/ W% | +/- 2 6| w/w%|+/-2 ¢
SiO, | 51.37| 0.66 | 49.26 | 0.63 | 50.93 | 0.65 | 51.22 | 0.65 | 50.96 | 0.65 | 52.52 | 0.65 | 50.26 | 0.64 | 51.28 | 0.65 | 50.91 | 0.65 | 50.73 | 0.65
TiO, | 0.96 | 0.04 1.57 | 0.06 1.01 | 0.04 | 0.80 | 0.04 1.05 | 0.04 | 0.54 | 0.03 1.27 | 0.05 | 0.88 | 0.04 | 0.82 | 0.04 1.13 | 0.05
Al,O; | 3.24 | 0.12 | 341 ] 0.13 | 3.98 | 0.14 | 3.52 | 0.13 | 3.35 | 0.12 2.81 | 011 | 3.24 | 0.12 | 3.81 | 0.14 | 3.83 | 0.14 | 3.55 | 0.13
Cr,0; | n.d. - n.d. - n.d. - n.d. - n.d. - 0.24 | 0.01 n.d. - n.d. - n.d. - n.d. -
FeO 9.82 | 0.24 | 13.23| 0.28 | 6.47 | 0.19 | 809 | 0.22 | 9.51 | 0.23 6.13 | 0.18 | 12.27| 0.27 | 7.07 | 0.20 | 7.53 | 0.20 | 11.23| 0.26
MnO | 0.17 | 0.01 | 043 | 0.02 | 0.19 | 0.01 | 0.21 | 0.01 | 0.26 | 0.01 | 0.21 | 0.01 | 0.26 | 0.01 | 0.21 | 0.01 | 0.22 | 0.01 | 0.27 | 0.01
MgO | 14.54| 0.52 | 13.35| 0.50 | 16.90| 0.56 | 16.15| 0.55 | 15.20| 0.53 | 17.33 | 0.57 | 13.79| 0.50 | 16.27 | 0.54 | 16.36 ] 0.55 | 13.79| 0.51
CaO | 19.91| 0.27 | 18.76 | 0.26 | 20.51| 0.27 | 20.02 | 0.27 | 19.67 | 0.27 | 20.21 | 0.27 | 18.90| 0.26 | 20.47 | 0.27 | 20.33 | 0.27 | 19.31| 0.27
Total [100.01] 0.92 [100.01f 0.91 | 99.99 | 0.93 |100.01f 0.93 |100.00| 0.92 | 99.99| 0.93 | 99.99| 0.91 | 99.99 | 0.92 |100.00|{ 0.93 [100.01] 0.92
Amphibole mineral chemistry measured on thin section
1D ampl amp2 amp3 amp4 amp5 amp6 amp7 amp8 amp9 amp10
Oxide | w/w% [ +/-2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o[ w/w% | +/- 2 o] w/w% | +/-2 0
SiO, | 56.67 | 0.69 | 55.76 | 0.69 | 55.72| 0.69 | 56.16 | 0.69 | 56.26 | 0.69 | 56.69 | 0.69 | 56.17 | 0.69 | 56.43 | 0.69 | 56.08 | 0.69 | 55.97 | 0.69
Al,O; | 2.49 | 0.10 | 2.91 | 0.11 | 3.19 | 0.12 2.83 | 0.11 | 3.28 | 0.13 2.34 | 0.09 2.57 | 0.10 | 2.28 | 0.09 2.75 | 0.11 | 3.37 | 0.13
FeO 9.37 | 0.23 | 11.03| 0.26 | 951 | 0.24 | 9.85 | 0.24 | 962 | 0.24 | 9.29 | 0.23 | 950 | 0.23 | 9.69 | 0.24 | 9.55 | 0.23 | 9.84 | 0.24
MgO | 16.35] 0.53 | 15.63 | 0.52 | 16.11| 0.54 | 16.13 | 0.54 | 16.19| 0.54 | 16.73 | 0.55 | 16.74 | 0.54 | 16.72 | 0.55 | 16.61 ] 0.54 | 15.87 | 0.52
CaO | 13.12| 0.22 | 12.68| 0.21 | 13.47| 0.22 | 13.03| 0.22 | 12.65] 0.21 | 12.95| 0.22 | 13.02| 0.22 | 12.89| 0.21 | 13.01 ] 0.22 | 12.95| 0.22
Total | 98.00| 0.94 | 98.01 | 0.93 | 98.00| 0.94 | 98.00 | 0.94 | 98.00| 0.94 | 98.00 | 0.94 | 98.00| 0.94 | 98.01 | 0.94 | 98.00 | 0.94 | 98.00 | 0.93

List of abbreviations in the tables:

ID:

measurement position identification

+/- 2 0: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

n.d.:
ab:

not detected

albite

amp: amphibole

cpx:

clinopyroxene




Zsolt Bendd: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

Supplementum

Sample DV-349
Korinek Collection, Hungarian National Museum, Budapest
Stray found from DidsviszId, Hungary
Raw material: alkaline dolerite
| Results measured on the original surface
Feldspar mineral chemistry measured on the original surface
1D abl ab2 ab3 ab4 ab5
Oxide | w/w% | +/-2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w%|+/-2 ¢
SiO, | 69.19| 0.63 | 69.42 | 0.62 | 70.40 ] 0.66 | 69.90| 0.63 | 70.30 | 0.62
Al,0; | 20.59 | 0.33 | 19.48| 0.33 | 19.44| 0.34 | 19.30] 0.32 | 19.69| 0.32
Ca0 0.49 | 0.02 | 0.50 | 0.02 1.04 | 0.03 1.39 | 0.04 | 0.65 | 0.02
Na,O | 8.10 | 0.38 | 10.39| 0.48 | 8.87 | 0.44 | 9.09 | 0.43 | 9.16 | 0.43
K,0 1.65 ] 0.05 | 0.22 | 0.01 | 0.25 | 0.01 | 0.33 | 0.01 | 0.20 | 0.01
Total [100.02] 0.81 |100.01f 0.85 |100.00| 0.86 |100.01| 0.83 |100.00| 0.82
Pyroxene mineral chemistry measured on the original surface
ID cpxla cpxlb cpx2 cpx3 cpx4 zone a cpx4 zone b cpx5
Oxide | w/w% [ +/- 2 o w/w% [ +/- 2 o w/w% | +/- 2 o[ w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/-2 0
SiO, | 51.84| 0.54 | 52.92] 0.52 | 51.89| 0.53 | 52.51| 0.54 | 52.42| 0.52 | 52.30| 0.52 | 51.01] 0.54
1O, [ 0.78 ] 003 | 0.78 ] 003 | 0.79 | 0.03 ] 0.83 | 0.03 | 0.69 | 0.03 | 0.82 | 0.03 | 0.69 | 0.03
AlOs | 411 [ 0.12 2.71 | 0.08 | 468 | 0.13 | 3.02 | 0.09 | 3.97 | 0.11 298 | 0.09 | 3.47 | 0.11
Cr0s| 0.76 | 0.03 | 0.18 | 0.01 | 0.52 | 0.02 n.d. - 0.82 | 0.03 n.d. - 0.20 | 0.01
FeO 535 | 0.14 | 665 | 0.15 | 568 | 0.14 | 7.68 | 0.17 | 509 | 0.13 | 998 | 0.19 | 7.06 | 0.17
MnO | n.d. - 0.23 | 0.01 n.d. - 0.22 | 0.01 n.d. - 0.32 | 0.01 | 0.16 | 0.01
MgO | 14.57 | 0.40 | 15.03| 0.39 | 14.93| 0.40 | 14.85] 0.41 | 14.98| 0.39 | 13.73| 0.37 | 14.50| 0.42
CaO | 22.59| 0.24 | 21.49| 0.23 | 21.51| 0.23 | 20.89| 0.23 | 22.04| 0.23 | 19.87| 0.22 | 22.92 | 0.25
Total [100.00] 0.74 | 99.99 | 0.72 |100.00| 0.73 |100.00f 0.75 |100.01] 0.72 |100.00{ 0.70 |100.01| 0.75
| Results measured on thin section
Feldspar mineral chemistry measured on thin section
1D abl ab2 ab3 ab4 ab5 ab6 ab7 ab8
Oxide | w/w% | +/-2 o] w/w% | +/- 2 o| w/w%|+/- 2 o] w/w% | +/-2 o] w/w% | +/-2 o] w/w%[+/-2 o| w/w%]| +/-2 o] w/w%]|+/-2 0
SiO, | 68.62| 0.74 | 68.84| 0.75 | 68.73 | 0.76 | 67.74| 0.74 | 67.60 | 0.74 | 68.09| 0.74 | 68.41| 0.74 | 68.47 | 0.76
Al,0; | 19.37| 0.40 | 19.50 ] 0.40 | 19.55| 0.41 | 20.35] 0.42 | 20.85| 0.43 | 19.97| 0.41 | 19.61| 0.40 | 19.51| 0.41
Ca0 0.28 | 0.01 | 0.28 | 0.01 | 0.39 | 0.02 | 0.34 | 0.01 | 0.45 | 0.02 | 0.31 | 0.01 | 0.24 | 0.01 | 0.42 | 0.02
Na,0 | 11.74| 0.65 | 11.38 | 0.65 | 11.33| 0.67 | 11.57| 0.66 | 11.10] 0.65 | 11.63 | 0.67 | 11.42 | 0.63 | 11.59 | 0.68
K,0 n.d. - n.d. - n.d. - n.d. - n.d. - n.d. - 0.31 | 0.01 n.d. -
Total [100.01] 1.06 [100.00f 1.07 |100.00| 1.09 |100.00f 1.08 |100.00| 1.07 |100.00f 1.08 | 99.99 | 1.05 | 99.99| 1.10
Pyroxene mineral chemistry measured on thin section
ID cpxl cpx2 cpx3 cpx4 cpx5 cpx6 cpx7 cpx8 cpx9 cpx10
Oxide | w/w% [ +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o[ w/w% | +/- 2 o] w/w% | +/-2 0
Si0, | 51.79| 0.65 | 51.42] 0.65 | 51.84| 0.66 | 51.78| 0.66 | 51.37| 0.66 | 52.62| 0.69 | 52.22| 0.70 | 51.67| 0.67 | 51.58 | 0.68 | 52.17 | 0.68
1O, [ 0.75 ] 003 | 0.78 | 003 ]| 0.88 | 0.04 | 0.71 | 0.03 | 0.70 | 0.03 [ 0.70 | 0.03 ] 093 | 0.04 | 0.67 | 0.03 | 0.98 | 0.04 | 0.58 | 0.03
Al,Os | 357 [ 0.13 2.67 | 0.10 | 3.01 | 0.12 2.45 | 0.09 | 3.27 | 0.12 2.86 | 0.12 2.60 | 0.10 | 3.72 | 0.15 2.82 | 0.11 2.95 | 0.12
Cr,03] 0.59 | 0.03 | n.d. - n.d. - n.d. - 0.54 | 0.03 | n.d. - n.d. - 0.26 | 0.01 | n.d. - n.d. -
FeO 5.47 | 0.17 | 10.48| 0.25 | 7.75 | 0.21 | 7.38 | 0.21 6.08 | 0.18 | 6.77 | 0.20 | 8.44 | 0.23 6.14 | 0.19 | 879 | 0.23 | 5.81 | 0.18
MnO | n.d. - 0.35 | 0.02 | 0.27 | 0.02 | 0.18 | 0.01 | 0.21 | 0.01 | 0.23 | 0.01 n.d. - n.d. - 0.24 | 0.01 n.d. -
MgO | 16.38| 0.55 | 15.14| 0.53 | 16.09| 0.56 | 16.92| 0.58 | 16.82| 0.57 | 16.02| 0.57 | 15.91| 0.58 | 17.16 | 0.60 | 15.79| 0.57 | 17.29| 0.61
CaO | 21.45| 0.28 | 19.15| 0.26 | 20.17| 0.27 | 20.58 | 0.28 | 21.02| 0.28 | 20.80| 0.29 | 19.89| 0.28 | 20.38| 0.28 | 19.80| 0.28 | 21.19] 0.29
Total [100.00] 0.93 | 99.99 | 0.92 |100.01] 0.94 |100.00f 0.95 |100.01] 0.95 |100.00f 0.97 | 99.99 | 0.99 |100.00f 0.98 |100.00| 0.97 | 99.99 | 0.99

List of abbreviations in the tables:
measurement position identification
+/- 2 0: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

ID:

n.d.:
ab:

not detected
albite

cpx: clinopyroxene




Zsolt Bendd: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies
Supplementum

Sample DV-q
Korinek Collection, Hungarian National Museum, Budapest
Stray found from DidsviszId, Hungary
Raw material: Greenschist

| Results measured on the original surface

Feldspar mineral chemistry measured on the original surface
1D abl ab2 ab3 ab4 ab5 ab6 ab7 ab8
Oxide | w/w% | +/-2 o] w/w% [ +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/-2 0
SiO, | 66.50 | 0.85 | 66.30| 0.81 | 67.36| 0.86 | 68.06 | 0.78 | 67.75| 0.84 | 68.84| 0.78 | 69.61| 0.78 | 68.29 | 0.82
Al,0; | 21.53 | 0.52 | 21.99] 0.49 | 20.59 | 0.49 | 20.29| 0.44 | 20.56| 0.49 | 19.88 | 0.42 | 19.47| 0.42 | 19.84 | 0.46

CaO | 0.23 ] 0.01 | 0.22 | 0.01 | 0.39 | 0.02 | n.d. - 0.27 | 0.01 | n.d. - n.d. - n.d. -
Na,0 | 11.42] 0.79 | 10.75| 0.71 [ 11.65] 0.81 | 11.65| 0.69 | 11.42| 0.78 | 10.94| 0.66 | 10.81| 0.64 | 11.87 | 0.76
K,O | 032 | 0.02 | 0.74 | 0.03 | n.d. - n.d. - n.d. - 0.34 | 0.02 | 011 | 0.01 | nd -

Total |100.00] 1.27 |100.00f 1.18 ] 99.99| 1.28 |100.00f 1.13 ]100.00f 1.25 |100.00{ 1.10 |100.00{ 1.09 |100.00 1.21

Amphibole mineral chemistry measured on the original surface
1D ampl amp2 amp3 amp4 amp5 amp6 amp7 amp8
Oxide [ w/w%|+/-2 o] w/w% | +/-2 o| w/w% | +/- 2 o| w/w%[+/-2 o w/w%[+/-2 o] w/w% ]| +/-2 o] w/w% | +/-2 o] w/w%|+/-2 0
SiO, | 54.48 | 0.78 | 55.98 | 0.73 | 54.47 | 0.69 | 55.59| 0.74 | 55.49| 0.72 | 54.04| 0.71 | 56.36 | 0.73 | 55.38 | 0.75
Al,O; | 3.47 | 0.16 | 3.33 | 0.13 | 5.77 0.2 4 0.16 | 399 | 0.15 | 493 | 0.18 | 3.56 | 0.14 3.3 0.14
FeO | 12.21) 0.31 | 9.59 | 0.25 | 9.53 | 0.24 | 10.26 | 0.26 | 9.86 | 0.26 10.3 | 0.26 | 9.99 | 0.25 | 10.42 | 0.27
MnO | 0.23 | 0.01 | 0.16 | 0.01 | 0.21 | 0.01 | 0.15 | 0.01 | 0.23 | 0.01 | 0.26 | 0.01 | 0.18 | 0.01 | 0.27 | 0.02
MgO | 14.35] 0.59 | 16.98| 0.59 | 16.94| 0.55 | 16.03 | 0.58 | 17.13 | 0.58 | 15.21 | 0.55 | 15.51| 0.54 | 15.61| 0.58
CaO | 13.25| 0.24 | 11.96 | 0.22 | 11.08| 0.2 11.98 | 0.22 11.3 | 0.21 | 13.07| 0.23 | 12.14| 0.22 | 13.02| 0.24
K,0 n.d. - n.d. - n.d. - n.d. - n.d. - 0.18 | 0.01 | 0.27 | 0.01 n.d. -
Total | 97.99| 1.06 | 98.00| 1.00 | 98.00| 0.95 | 98.01 | 1.01 | 98.00| 1.00 | 97.99| 0.98 | 98.01 | 0.98 | 98.00 | 1.03

Amphibole mineral chemistry measured on the original surface - cont.
1D amp9 amp10 ampll amp12
Oxide | w/w% | +/-2 o] w/w% [ +/- 2 o| w/w% | +/- 2 o| w/w%|+/-2 0
SiO, | 54.43| 0.71 | 55.54| 0.75 | 56.55| 0.71 | 55.21| 0.78
Al,O; | 5.64 0.2 4.7 0.19 | 428 | 0.16 | 3.89 | 0.16
FeO | 10.13] 0.25 | 10.12 | 0.27 | 8.88 | 0.24 | 10.35| 0.28
MnO | 0.27 | 0.02 | 0.09 | 0.01 | 0.12 | 0.01 | 0.32 | 0.02
MgO | 16.39 | 0.56 | 15.44 | 0.57 | 16.61| 0.55 | 15.18 | 0.6
CaO | 11.03 | 0.21 12 0.22 | 11.42 | 0.21 | 13.05] 0.24
K,0 0.12 | 0.01 | 0.12 | 0.01 | 0.15 | 0.01 n.d. -
Total | 98.01] 0.99 | 98.01| 1.03 | 98.01 | 0.96 | 98.00 | 1.06

Results measured on thin section

Feldspar mineral chemistry measured on thin section

1D abl ab2 ab3 ab4 ab5 ab6 ab7 ab8
Oxide | w/w% | +/-2 o] w/w% [ +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/-2 0
SiO, | 68.66 | 0.76 | 68.37| 0.76 | 68.46 | 0.76 | 68.59 | 0.77 | 68.81 | 0.77 | 68.13| 0.76 | 68.09 | 0.76 | 68.23 | 0.76
Al,O; | 19.74| 0.42 | 19.91] 0.42 | 19.59| 0.42 | 19.61] 0.42 | 19.55| 0.42 | 20.14| 0.43 | 20.15| 0.43 | 20.00 | 0.43
Ca0 n.d. - n.d. - 0.24 | 0.01 n.d. - n.d. - n.d. - n.d. - n.d. -
Na,0 | 11.60| 0.68 | 11.72| 0.70 | 11.72| 0.68 | 11.80| 0.70 | 11.64| 0.68 | 11.74| 0.70 | 11.76 ] 0.70 | 11.77 | 0.69
Total {100.00] 1.11 [100.00f 1.12 |100.01] 1.11 |100.00f 1.12 |100.00| 1.12 |100.01f 1.12 ]100.00| 1.12 [100.00] 1.12

Amphibole mineral chemistry measured on thin section
1D ampl amp2 amp3 amp4 amp5 amp6 amp7 amp8 amp9 amp10
Oxide | w/w% | +/-2 o] w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o| w/w% | +/- 2 | w/w% | +/- 2 o| w/w% | +/- 2 o] w/w% | +/- 2 o[ w/w% | +/- 2 o] w/w% | +/-2 0
SiO, | 55.96 | 0.69 | 56.23 | 0.69 | 55.25| 0.68 | 56.46 | 0.69 | 56.00| 0.69 | 55.99 | 0.69 | 56.25| 0.69 | 56.28 | 0.68 | 55.69 | 0.68 | 55.87 | 0.68
Al,O; | 2.42 | 0.10 | 2.32 | 0.09 | 3.52 | 0.14 | 2.62 | 0.10 | 2.14 | 0.09 2.21 | 0.09 2.16 | 0.09 2.13 | 0.09 | 3.08 | 0.12 2.46 | 0.10
FeO | 10.41] 0.25 | 10.30| 0.25 | 10.05| 0.24 | 10.30| 0.25 | 10.19] 0.25 | 10.36| 0.25 | 10.78 | 0.25 | 10.24 | 0.24 | 10.37 | 0.24 | 10.33 | 0.24
MnO | 0.33 | 0.02 | 0.24 | 0.01 | 0.17 | 0.01 | 0.14 | 0.01 | 0.14 | 0.01 | 0.12 | 0.01 | 0.13 | 0.01 | 0.25 | 0.01 | 0.17 | 0.01 | 0.22 | 0.01
MgO | 16.02 | 0.53 | 15.80| 0.53 | 16.30| 0.54 | 15.88 | 0.53 | 16.36 | 0.54 | 16.09| 0.53 | 15.64| 0.52 | 15.97| 0.53 | 16.00 | 0.53 | 16.31| 0.54
CaO | 12.87| 0.21 | 13.11| 0.22 | 12.70| 0.21 | 12.62| 0.21 | 13.17| 0.22 | 13.22 | 0.22 | 13.05| 0.22 | 13.12 | 0.22 | 12.69] 0.21 | 12.81 | 0.21
Total | 98.01 ] 0.93 | 98.00 | 0.93 | 97.99| 0.94 | 98.02| 0.93 | 98.00| 0.94 | 97.99| 0.93 | 98.01| 0.93 | 97.99| 0.93 | 98.00| 0.93 | 98.00 | 0.93

List of abbreviations in the tables:
ID: measurement position identification
+/- 2 0: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
ab: albite amp:  amphibole




Zsolt BendG: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

Supplementum

Sample DV-zz

Korinek Collection, Hungarian National Museum, Budapest

Stray found from Diosviszlo, Hungary

Raw material: contact metabasite with biotite

Results measured on the original surface

Amphibole (hornblende) mineral chemistry measured on the original surface

1D ampl-1 ampl-2 ampl-3 ampl-4 ampl-5 ampl-6 ampl-7 amp1-8 amp1-8a amp1-9 amp1-10
Oxide | w/w%| +/- 2 o| w/w% | +/- 2 6| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 6| w/w% | +/- 2 | w/w% | +/- 2 o| w/w%| +/- 2 o| w/w% | +/- 2 6| w/w% | +/- 2 | w/w%|+/-2 o
Si0, | 51.80| 0.61 | 53.66| 0.58 | 54.62 | 0.58 | 55.14 ] 0.58 | 50.92| 0.58 | 54.26 | 0.63 | 52.73| 0.63 | 55.20| 0.60 | 46.04| 0.67 | 54.36| 0.64 | 52.30| 0.65
TiO, | 0.40 | 0.02 | 0.52 | 0.02 | 0.20 | 0.01 | 0.31 | 0.01 | 0.84 | 0.03 | 0.39 | 0.02 | 0.70 | 0.03 | 0.25 | 0.01 | 1.00 | 0.04 | 0.36 | 0.02 | 0.61 | 0.03
Al,O; | 6.24 | 0.19 | 549 | 0.16 | 5.64 | 0.16 | 5.20 | 0.15 | 821 | 0.22 | 6.20 | 0.19 | 839 | 0.24 | 7.65 | 0.20 | 12.19] 0.36 | 6.96 | 0.21 | 7.27 | 0.22
FeO | 13.20| 0.25 | 13.07] 0.24 | 11.29] 0.22 | 11.31] 0.22 | 12.24] 0.24 | 10.08| 0.22 | 9.77 | 0.22 | 874 | 0.20 | 13.61| 0.30 | 9.78 | 0.22 | 10.85| 0.25
MnO | 0.24 | 0.01 | 0.29 | 0.01 | 0.27 | 0.01 | 0.12 | 0.01 | 0.17 | 0.01 n.d. - n.d. - n.d. - n.d. - n.d. - n.d. -
MgO | 13.07 | 0.42 | 14.64| 0.42 | 14.40| 0.40 | 15.50| 0.42 | 13.06| 0.40 | 15.20] 0.46 | 15.11] 0.45 | 15.92] 0.43 | 12.12| 0.46 | 15.48| 0.47 | 15.03 | 0.49
CaO | 12.81] 0.19 | 10.17] 0.16 | 11.57| 0.17 | 10.41| 0.16 | 12.46| 0.18 | 11.75| 0.19 | 11.15| 0.18 | 10.24| 0.17 | 12.78 ] 0.22 | 10.90] 0.18 | 11.93] 0.20
K,0 0.23 | 0.01 | 0.16 | 0.01 n.d. - n.d. - 0.10 | 0.00 | 0.11 | 0.00 | 0.16 | 0.01 n.d. - 0.25 | 0.01 | 0.17 | 0.01 n.d. -
Total | 97.99] 0.83 | 98.00] 0.78 | 97.99| 0.78 [ 97.99| 0.78 [ 98.00] 0.79 | 97.99| 0.86] 98.01| 0.86] 98.00| 0.81f 97.99| 0.96] 98.01] 0.87] 97.99| 0.90

Amphibole (cummingtionite) mineral chemistry measured on the original surface

1D amp2-1 amp2-2 amp2-3 amp2-4 amp2-5 amp2-6 amp2-7 amp2-8 amp2-8 zone a amp2-9 amp2-10
Oxide | w/w%| +/- 2 o| w/w% | +/- 2 6| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w% | +/- 2 6| w/w% | +/- 2 | w/w% | +/- 2 o| w/w%| +/- 2 o| w/w% | +/- 2 6| w/w% | +/- 2 | w/w%|+/-2 0
Si0, | 56.65| 0.6 | 56.57| 0.61 | 55.76| 0.62 | 56.53 | 0.61 | 55.8 | 0.62 | 56.34 | 0.68 | 56.65] 0.66 | 56.05] 0.66 | 55.16| 0.68 | 55.76 | 0.68 | 54.56 | 0.71
Al,O; | 2.47 | 0.09 | 3.52 | 0.11 2.5 0.09 | 2.27 | 0.08 | 2.32 | 0.09 | 2.13 | 0.08 | 2.27 | 0.09 | 2.61 | 0.10 | 3.85 | 0.14 | 2.41 | 0.10 | 2.62 | 0.11
FeO | 20.49]| 0.3 | 20.53] 0.3 21.5 | 0.32 | 20.64| 0.3 21.8 | 0.32 | 19.92| 0.33 | 19.28] 0.32 | 19.41] 0.33 | 17.71] 0.32 | 20.28| 0.34 | 22.53| 0.38
MnO | 0.43 | 0.02 | 0.48 | 0.02 | 0.64 | 0.03 | 0.47 | 0.02 | 0.37 | 0.02 | 0.33 | 0.02 | 0.30 | 0.01 | 0.43 | 0.02 | 0.32 | 0.02 | 0.32 | 0.02 | 0.40 | 0.02
MgO | 16.65| 0.47 | 15.37| 0.45 | 16.29| 0.48 | 16.68| 0.48 | 16.41| 0.49 | 17.75] 0.55 | 18.09] 0.54 | 18.15] 0.56 | 17.34] 0.55 | 17.97| 0.57 | 16.63 | 0.58
CaO | 131 ] 0.04 | 1.37 | 0.04 | 1.32 | 0.04 | 141 | 0.04 | 1.31 | 0.04 | 1.53 | 0.05 ] 1.41 | 0.05 ] 1.34 | 0.05 | 3.61 | 0.10 | 1.27 | 0.04 | 1.26 | 0.04
K,0 n.d. - 0.16 | 0.01 | n.d. - n.d. - n.d. - n.d. - n.d. - n.d. - n.d. - n.d. - n.d. -
Total | 98.00| 0.82 | 98.00| 0.82 | 98.01| 0.85 | 98.00| 0.84 | 98.01| 0.85 | 98.00| 0.94 | 98.00| 0.91 | 97.99] 0.93 | 97.99| 0.94 | 98.01| 0.96 | 98.00| 1.00

Amphibole (actinolite) mineral chemistry measured on the original surface

ID amp3-1 amp3-2 amp3-3 amp3-4 amp3-5 amp3-6 amp3-7 amp3-8 amp3-9 amp3-10
Oxide | w/w% | +/-2 o| w/w%| +/-2 o| w/w% | +/- 2 o| w/w% | +/- 2 0| w/w% | +/-2 0| w/w% | +/- 2 0| w/w% | +/- 2 0| w/w% | +/- 2 0| w/w%h | +/-2 o]l w/wh|+/-2 0

Si0, | 57.58| 0.57 | 56.74| 0.60 | 56.82| 0.59 | 57.03] 0.59 | 56.79] 0.60 | 57.07 ] 0.68 | 54.48 | 0.68 | 55.97| 0.67 | 56.37| 0.66 | 56.09 | 0.69
Al,O; | 2.18 | 0.07 | 2.83 | 0.09 | 2.93 | 0.10 | 2.37 | 0.08 | 3.10 | 0.10 | 1.65 | 0.07 | 4.00 | 0.15 | 2.50 | 0.10 | 3.00 | 0.11 | 3.05 | 0.12

FeO | 9.80 | 0.20 | 10.56] 0.22 | 10.58] 0.21 | 9.65 | 0.20 | 10.87| 0.22 | 9.27 | 0.23 | 11.53| 0.26 | 10.04| 0.24 | 9.43 | 0.23 | 9.63 | 0.24
MnO | 0.22 [ 0.01 | 0.10 [ 0.00 [ 0.10 [ 0.00 [ 0.11 [ 0.01 | n.d. - n.d. - n.d. - n.d. - n.d. - n.d. -
MgO | 16.79| 0.43 | 15.25| 0.42 | 15.37| 0.42 | 15.55| 0.43 | 15.23 ] 0.44 | 17.49] 0.56 | 15.58] 0.52 | 16.60] 0.53 | 17.23| 0.53 | 16.17| 0.53

CaO | 11.43] 0.17 | 12.52] 0.18 | 12.20| 0.18 | 13.28| 0.19 | 12.01| 0.18 | 12.52| 0.21 | 12.42| 0.21 | 12.88 | 0.21 | 11.98] 0.20 | 13.06 | 0.22
Total | 98.00| 0.76 | 98.00| 0.79 | 98.00| 0.78 | 98.00] 0.79 | 98.00| 0.80 | 98.00| 0.94 | 98.00| 0.93 | 98.00| 0.92 | 98.00| 0.91 | 98.00| 0.94

Results measured on thin section
Amphibole (hornblende) mineral chemistry measured on thin section

ID ampl-1 ampl-2 ampl-3 ampl-4 ampl-5 ampl-6 ampl-7 amp1-8 amp1-9 ampl-10
Oxide | w/w%| +/- 2 o| w/w%| +/- 2 o] w/w%| +/- 2 | w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%|+/-2 o

Si0, | 51.59| 0.68 | 51.24| 0.67 | 52.70| 0.68 | 50.85| 0.67 | 50.72 | 0.67 | 50.88 | 0.67 | 52.40] 0.68 | 50.40| 0.67 | 51.57| 0.68 | 51.08 | 0.68

TiO, | 0.35 ] 0.02 | 0.40 | 0.02 | 0.38 | 0.02 | 0.40 | 0.02 | 0.63 | 0.03 | 0.32 | 0.02 | 0.60 | 0.03 | 0.61 | 0.03 | 0.60 | 0.03 | 0.58 | 0.03
Al,O; | 803 | 0.26 | 7.87 | 0.25 | 7.30 | 0.24 | 8.15 | 0.25 | 853 | 0.27 | 857 | 0.27 | 6.67 | 0.22 | 846 | 0.26 | 7.69 | 0.25 | 7.83 | 0.25

FeO | 11.59| 0.27 | 11.69] 0.27 | 10.95] 0.26 | 11.66] 0.27 | 11.37] 0.26 | 11.53| 0.27 | 11.33| 0.26 | 11.77| 0.27 | 11.36| 0.26 | 11.29| 0.26
MnO | n.d. - 0.27 | 0.02 n.d. - 0.22 | 0.01 | 0.12 | 0.01 | 0.18 | 0.01 | 0.18 | 0.01 | 0.15 ] 0.01 | 0.15 | 0.01 | 0.17 | 0.01
MgO | 14.79| 0.51 ] 15.12| 0.51 | 15.25| 0.51 | 14.92| 0.51 | 14.84] 0.51 | 14.54] 0.51 | 15.34] 0.52 | 15.20] 0.52 | 14.87| 0.52 | 15.31| 0.53

CaO | 11.66] 0.20 | 11.41] 0.20 | 11.26] 0.20 | 11.64| 0.20 | 11.60| 0.20 | 11.83 | 0.21 | 11.37| 0.20 | 11.40| 0.20 | 11.65| 0.21 | 11.60| 0.20

K,0 n.d. - n.d. - 0.15 | 0.01 | 0.16 | 0.01 | 0.19 | 0.01 | 0.15 ] 0.01 | 0.11 | 0.00 n.d. - 0.12 | 0.00 | 0.13 | 0.01
Total | 98.01| 0.95 | 98.00| 0.94 | 97.99| 0.94 | 98.00] 0.94 | 98.00| 0.95 | 98.00| 0.95 | 98.00| 0.95 | 97.99] 0.95 | 98.01] 0.95 | 97.99| 0.95

Amphibole (cummingtonite) mineral chemistry measured on thin section

ID amp2-1 amp2-2 amp2-3 amp2-4 amp2-5 amp2-6 amp2-7 amp2-8 amp2-9 amp2-10
Oxide | w/w%| +/- 2 o| w/w%| +/- 2 o] w/w%| +/- 2 | w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%|+/-2 o

Si0, | 55.87| 0.66 | 55.61| 0.67 | 56.28 | 0.69 | 56.72| 0.70 | 55.70] 0.70 | 56.24 | 0.72 | 56.07 | 0.71 | 55.94| 0.71 | 56.33| 0.71 | 54.33| 0.70
Al,O; | 2.19 | 0.09 | 1.99 | 0.08 | 2.12 | 0.09 | 2.21 | 0.09 | 2.21 | 0.09 | 2.13 | 0.09 | 2.08 | 0.09 | 2.36 | 0.10 | 2.09 | 0.09 | 3.40 | 0.14

FeO | 20.23| 0.33 | 20.10] 0.34 | 20.11] 0.35 | 20.27] 0.35 | 19.78 ] 0.35 | 20.38| 0.36 | 20.71| 0.36 | 20.17| 0.36 | 20.00| 0.35 | 20.21| 0.36
MnO | 0.38 | 0.02 | 0.47 | 0.02 | 0.35 | 0.02 | 0.29 | 0.01 | 0.47 | 0.03 | 0.35 ] 0.02 | 0.39 | 0.02 | 0.43 | 0.02 | 0.47 | 0.02 | 0.46 | 0.02
MgO | 18.26| 0.56 | 18.65| 0.58 | 18.12| 0.58 | 17.51| 0.57 | 18.40] 0.60 | 17.87] 0.60 | 17.63] 0.60 | 17.97] 0.60 | 18.04| 0.60 | 18.31| 0.60

CaO | 1.08 | 0.04 | 1.19 | 0.04 | 1.03 | 0.04 | 1.00 | 0.04 | 1.43 | 0.05 ] 1.04 | 0.04 | 1.12 | 0.04 | 1.12 | 0.04 | 1.07 | 0.04 | 1.29 | 0.05
Total | 98.01| 0.93 | 98.01| 0.95 | 98.01| 0.97 | 98.00] 0.97 | 97.99| 0.99 | 98.01| 1.01 | 98.00| 1.00 | 97.99] 1.01 | 98.00| 1.00 | 98.00| 1.00

Amphibole (actinolite) mineral chemistry measured on thin section

1D amp3-1 amp3-2 amp3-3 amp3-4 amp3-5 amp3-6 amp3-7 amp3-8 amp3-9 amp3-10
Oxide | w/w%| +/- 2 o| w/w%| +/- 2 o] w/w%| +/- 2 | w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/- 2 o| w/w%| +/-2 o| w/w%|+/-2 o

Si0, | 55.62| 0.69 | 56.58| 0.69 | 57.05] 0.70 | 57.11] 0.69 | 56.40] 0.69 | 56.99| 0.70 | 57.08 ] 0.70 | 55.95] 0.69 | 56.23| 0.70 | 56.89 | 0.70
Al,O; | 296 | 0.11 | 2.04 | 0.09 | 1.62 | 0.07 | 1.96 | 0.08 | 1.93 | 0.08 | 2.22 | 0.09 | 1.69 | 0.07 | 1.83 | 0.08 | 2.03 | 0.08 | 1.92 | 0.08

FeO | 10.43| 0.25 | 9.51 | 0.24 | 9.47 | 0.24 | 9.60 | 0.24 | 9.56 | 0.24 | 9.41 | 0.23 | 9.61 | 0.24 | 9.55 | 0.24 | 9.87 | 0.24 | 9.81 | 0.24
MnO | 0.24 | 0.01 | 0.16 | 0.01 | n.d. - n.d. - n.d. - n.d. - n.d. - n.d. - n.d. - n.d. -
MgO | 17.48| 0.56 | 17.58| 0.57 | 17.88| 0.58 | 16.88 | 0.54 | 18.31] 0.58 | 17.56] 0.57 | 17.06 | 0.56 | 18.34] 0.58 | 18.31| 0.58 | 16.61| 0.55

CaO | 11.27] 0.20 | 12.13] 0.21 | 11.97] 0.21 | 12.44| 0.21 | 11.80| 0.20 | 11.82| 0.20 | 12.55| 0.21 | 12.33| 0.21 | 11.56] 0.20 | 12.78 ] 0.22
Total | 98.00| 0.95 | 98.00| 0.95 | 97.99| 0.96 | 97.99] 0.94 | 98.00| 0.95 | 98.00| 0.95 | 97.99| 0.95 | 98.00| 0.96 | 98.00| 0.96 | 98.01| 0.95

List of abbreviations in the tables:

ID:

measurement position identification

+/-2 o: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

n.d.:
ab:

not detected

albite

amp:

amphibole




Zsolt Bend8: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

Supplementum

Sample BOT-X5

Baden culture settlement, Balatondszod, Temetgi-d(il6, Hungary

Raw material: nephrite

Results measured on the original surface

Amphibole mineral chemistry measured on the original surface

1D trml trm2 trm3 trm4 trm5
Oxide | w/w% | +/- 2 o| w/w% | +/- 2 ol w/w% | +/- 2 o]l w/w% | +/- 2 ol w/w%|+/-2 o
Si0, | 60.28 | 0.57 | 60.12 | 0.58 | 59.43] 0.58 | 59.78 ] 0.59 | 60.07 | 0.58
Al,O; | 2.07 | 0.07 | 2.24 | 0.07 | 2.26 | 0.07 | 2.01 | 0.07 | 1.98 | 0.07
FeO | 3.11 | 0.10 | 3.33 ] 0.10 | 3.52 | 0.11 | 3.58 | 0.11 | 3.67 | 0.11
MgO | 18.61 | 0.42 | 18.11] 0.43 | 18.98| 0.45 | 18.73| 0.44 | 18.62| 0.44
CaO | 13.93] 0.19 | 14.21| 0.19 | 13.80] 0.19 | 13.90] 0.19 | 13.65| 0.19
Total | 98.00| 0.74 | 98.01] 0.76 | 97.99| 0.77 | 98.00| 0.77 | 97.99] 0.76
Results measured on thin section by an external laboratory
Amphibole mineral chemistry measured on thin section
1D trml trm2 trm3 trm4 trm5
Oxide | w/w% | +/- 2 o| w/w% | +/- 2 ol w/w% | +/- 2 o| w/w% | +/- 2 ol w/w%|+/-2 o
SiO, | 58.76 ] n.a. | 59.32| n.a. | 58.54| n.a. | 59.25] n.a. | 58.69| n.a.
FeO | 3.69 n.a. 3.30 n.a. 2.98 n.a. 3.27 n.a. 3.21 n.a.
MgO | 22.51] n.a. | 22.77| n.a. | 23.40| n.a. | 22.64] n.a. | 23.07| n.a.
CaO | 13.04| n.a. | 12.61] n.a. | 13.08] n.a. | 12.83| n.a. | 13.02] n.a.
Total | 98.00| n.a. | 98.00] n.a. | 98.00| n.a. | 97.99] n.a. | 97.99] n.a.

List of abbreviations in the tables:
measurement position identification

ID:
+/-2o:

n.d.:
n.a.:
trm

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

not detected
not available
tremolite




Zsolt BendG: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

Supplementum

Sample VPK-1004

Archeological excavation, Veszprém-Kadarta, Hungary

Raw material: basalt

Results measured on the original surface

Pyroxene mineral chemistry measured on the original surface Plagioclase mineral chemistry measured on the
ID cpx1l cpx2 cpx3 cpx4 original surface
Oxide |w/w%|+/-2 0| w/w%|+/-2c|w/w%|+/-2c|w/wh|+/-2 0 ID pll pl2 pl3
Sio, 40.40| 0.43 | 42.49| 0.47 | 43.47| 0.47 | 45.67| 0.48 Oxide | w/w%| +/- 2 of w/w% | +/-2 ol w/w%|+/-20
TiO, 5.53 | 0.13 | 427 | 0.12 | 438 | 0.12 | 3.91 | 0.11 SiO, | 46.30| 0.48 | 47.28| 0.51 | 47.49] 0.48
Al,O3 9.43 | 0.20 | 837 | 0.19 | 826 | 0.19 | 8.06 | 0.18 AlLO; | 31.39| 0.42 | 31.12| 0.44 | 31.07| 0.41
FeO 9.74 | 0.21 | 9.15 | 0.22 | 9.54 | 0.22 | 9.68 | 0.22 CaO | 20.44| 0.25 | 19.56| 0.26 | 18.44| 0.24
MgO 7.96 | 0.23 | 9.18 | 0.27 | 824 | 0.25 | 9.00 | 0.26 Na,0 | 1.51 | 0.08 | 1.53 | 0.09 | 2.54 | 0.14
Ca0 26.93 | 0.28 | 26.54| 0.29 | 26.12( 0.29 | 23.68| 0.27 K,O0 | 037 | 0.01 [ 0.51 | 0.02 | 0.46 | 0.02
Total | 99.99 | 0.64 |100.00 0.69 |100.01] 0.69 [100.00| 0.68 Total |100.01f 0.69 |100.00f 0.73 ]100.00| 0.69
Glass chemistry measured on the original Olivine mineral chemistry measured on the original surface
surface ID oll ol2 ol3 ol4
ID gll gl2 Oxide | w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/-2 o]l w/w%|+/-2 c
Oxide | w/w%|+/-2 0| w/w%|+/-20 Si0, | 37.83| 0.48 | 39.36| 0.49 | 35.86| 0.55 | 39.39] 0.51
Si0, 77.59 | 0.64 | 76.36| 0.68 FeO | 25.48 | 0.38 | 17.73| 0.32 | 35.36| 0.54 | 18.04| 0.34
TiO, 1.01 | 0.04 | 1.13 | 0.05 MgO | 36.68 | 0.67 | 42.92| 0.73 | 28.78 | 0.73 | 42.57| 0.76
Al,O3 7.00 | 0.16 | 6.63 | 0.17 Total | 99.99 | 0.90 |100.01f 0.94 |100.00{ 1.06 |100.00| 0.98
FeO 6.30 | 0.18 | 7.92 | 0.21
MgO 0.77 | 0.03 | 0.88 | 0.04
Ca0 0.57 | 0.02 | 0.98 | 0.03
Na,O 2.08 | 0.11 | 1.46 | 0.09
K,0 4.68 | 0.10 | 4.65 | 0.11
Total |100.00f 0.70 |100.01| 0.75
Magnetite mineral chemistry measured on the original
surface
1D ti-mtl ti-mt2 ti-mt3
Oxide | w/w%|+/-2 ol w/w%|+/-2c| w/w%|+/-20
TiO, 25.55] 0.31 | 26.43| 0.31 | 25.23| 0.30
Al,O, 2.88 | 0.10 | 2.63 | 0.09 | 2.90 | 0.10
FeO 70.27 | 0.61 | 69.72| 0.60 | 70.74| 0.61
MgO 1.30 | 0.06 | 1.22 | 0.06 | 1.13 | 0.06
Total |100.00f 0.69 |100.00{ 0.68 |100.00| 0.69
Results measured on thin section
Pyroxene mineral chemistry measured on thin section
1D aug_1 core | aug_1 rim_1] aug_1 rim_2 | aug_1 zone | aug_2 _core | aug 2_rim_1 | aug_2_rim_2 |aug_2_zone_1|aug_2_zone_2
Oxide | w/w%|+/-2 ol w/w%|+/-2 o] w/w%|+/- 2 o] w/w%|+/- 2 o| w/w% | +/- 2 0| w/w% | +/- 2 o| w/w% | +/- 2 6| w/w% | +/- 2 o| w/w%|+/-2 o
Si0, 47.23| 0.55 | 44.85] 0.53 [ 45.39] 0.54 | 50.10| 0.56 | 44.08 | 0.53 | 47.13 | 0.54 | 45.39| 0.54 | 49.63| 0.56 | 50.09 | 0.56
TiO, 2.08 | 0.07 | 3.65| 0.11 | 3.62 | 0.11 | 1.40 | 0.05 | 3.66 | 0.11 | 3.04 | 0.09 | 3.62 | 0.11 | 1.83 | 0.07 | 1.40 | 0.05
Al,O3 7.46 | 0.20 | 854 | 0.22 | 842 | 0.22 | 5.07 | 0.15 | 9.77 | 0.24 | 638 | 0.18 | 842 | 0.22 | 578 | 0.16 | 539 | 0.16
Cr,03 0.89 | 0.04 | 0.13 [ 0.01 | nd. - 0.63 | 0.03 | 0.66 | 0.03 | 0.22 | 0.01 | n.d. - 0.27 | 0.01 | 0.47 | 0.02
FeO 5.55 | 0.16 | 7.50 | 0.19 | 7.38 | 0.19 | 5.07 | 0.15 | 6.22 | 0.17 | 692 | 0.18 | 7.38 | 0.19 | 595 | 0.16 | 4.78 | 0.14
MgO |13.51| 0.41 | 11.87] 0.38 [ 12.08 | 0.38 | 14.90| 0.43 | 12.93| 0.39 | 12.88 | 0.40 | 12.08 | 0.38 | 14.53| 0.42 [ 15.12| 0.44
Ca0 23.28 | 0.27 | 23.45| 0.27 | 23.11| 0.27 | 22.83| 0.26 | 22.69 | 0.26 | 23.42| 0.27 | 23.11| 0.27 | 22.00| 0.26 | 22.75| 0.26
Total 100.00f 0.78 | 99.99 | 0.77 |100.00] 0.77 [100.00| 0.78 [100.01] 0.78 | 99.99 | 0.77 |100.00f 0.77 | 99.99 | 0.79 |100.00| 0.79
Oxides mineral chemistry measured on thin section Plagioclase mineral chemistry measured on thin
ID mtl mt2 mt3 ilm? section
Oxide | w/w%|+/-2 ol w/w% | +/-2 o| w/w%|+/-2 o] w/w%|+/-2 0 ID pll pl2 core pl2 rim
Sio, 0.84 | 0.03 | 0.62 | 0.03 | n.d. - n.d. - Oxide | w/w% | +/- 2 | w/w% | +/- 2 o| w/w%|+/-2 o
TiO, 19.40 | 0.29 | 24.66| 0.33 | 10.53| 0.20 | 23.47| 0.34 Si0, | 51.47| 0.63 | 51.01| 0.62 | 55.34| 0.64
Al,O3 8.09 [ 0.27 | 523 | 0.20 | 17.21| 0.44 | n.d. - AlL,O; | 30.78 | 0.48 | 30.66 | 0.48 | 28.06 | 0.46
Cr,03 421 | 012 | 0.29 | 0.01 | 13.01| 0.23 | n.d. - CaO | 15.50| 0.23 | 15.50| 0.23 | 11.23| 0.19
FeO 60.99 | 0.61 | 66.08| 0.63 | 52.12 | 0.56 | 75.14| 0.72 Na,0 | 1.89 | 0.13 | 2.52 | 0.16 | 3.96 | 0.25
MnO n.d. - n.d. - n.d. - 1.38 | 0.05 K,O0 | 036 | 0.01 [ 0.30 | 0.01 | 1.42 | 0.05
MgO 548 | 0.27 | 2.89 | 0.16 | 7.12 | 0.32 | n.d. - Total |100.00f 0.83 | 99.99 [ 0.84 |100.01| 0.85
Ca0 0.99 | 0.03 | 0.23 | 0.01 | n.d. - n.d. -
Total |100.00f 0.79 |100.00| 0.76 | 99.99| 0.84 | 99.99| 0.80

List of abbreviations in the tables:

ID:
+/-2o:

n.d.:
(T):
(Te):
aug:
ol:

not detected
measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
(ti-)mt: (Ti-bearing) magnetite

augite
olivine

cpx:
pl:

clinopyroxene
plagioclase

measurement position identification

gl

glass in the matrix

ilm?: maybe ilmenite

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.




Zsolt Bend8: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

Supplementum

Sample 55-1276

Mihaldy Collection, Laczkdé Dezsé Museum, Veszprém

Stray found from Bakony, Hungary

Raw material: jadetite

Pyroxene mineral chemistry
1D Jd1 Jd2 Jd3 Jd4 Jd5 Jd6 Jd7 Jd8
Oxide |w/w%|+/-2c|w/w%|+/-2 | w/w%|+/- 2 o| w/w%|+/-2 ol w/w%|+/- 2 6| w/w%|+/- 2 o| w/w% | +/- 2 o| w/w%|+/-2 &
SiO, 58.74| 0.63 | 58.26| 0.62 | 58.62 | 0.59 | 59.61] 0.61 | 55.03] 0.57 | 58.21| 0.56 | 59.04| 0.63 | 58.54 | 0.64
TiO, 0.29 | 0.01 | 0.30 | 0.01 | 091 | 0.04 | 0.57 | 0.03 | 0.20 | 0.01 | 0.44 | 0.02 | 0.31 | 0.01 | 0.23 | 0.01
Al,O; |23.03] 0.42 | 19.81] 0.38 | 23.74| 0.40 | 24.92| 0.42 | 11.90| 0.27 | 20.78] 0.33 | 22.69] 0.39 | 21.50| 0.39
FeO(T) | 2.48 | 0.11 | 471 ]| 0.16 | 2.00 | 0.09 | 1.03 ] 0.05 | 6.56 | 0.19 | 1.34 | 0.05 | 0.42 | 0.02 | 1.02 | 0.05
MgO 2.58 | 0.11 | 3.26 | 0.14 | 193 | 0.08 | 2.11 | 0.09 | 6.57 | 0.24 | 2.44 | 0.10 | 1.48 | 0.07 | 2.22 | 0.10
Ca0 240 | 0.08 | 462 | 0.12 | 1.78 | 0.06 | 0.79 | 0.03 | 14.00| 0.22 | 1.44 | 0.04 | 0.26 | 0.01 | 1.07 | 0.04
Na,O | 10.49] 0.48 | 9.04 | 0.44 | 11.02] 0.47 | 10.97] 0.47 | 5.74 | 0.29 | 15.35| 0.65 | 15.81| 0.75 | 15.41| 0.73
Total |100.01] 0.92 |100.00| 0.88 |100.00] 0.87 |100.00] 0.88 |100.00| 0.79 |100.00] 0.92 |100.01] 1.05 | 99.99 | 1.05
Fe,0; (Tc)| 2.76 n.a. 5.23 n.a. 2.22 n.a. 1.14 n.a. 7.29 n.a. 1.49 n.a. 0.47 n.a. 1.13 n.a.
Pyroxene mineral chemistry
1D Jd9 Jd10 ompl omp2 omp3 omp4
Oxide |w/w%|+/-2 | w/w%|+/- 2 of|w/w%|+/- 2 o| w/w%|+/- 2 6| w/w%|+/-2 ol w/w%|+/-2 0
SiO, 58.59| 0.65 | 58.67 | 0.65 || 56.17] 0.64 | 57.70] 0.65 | 57.21] 0.62 | 57.33| 0.63
TiO, 0.07 | 0.00 | 0.77 | 0.03 || 0.29 | 0.01 | 0.23 | 0.01 | 0.14 | 0.01 | 0.41 | 0.02
Al,O; |21.39] 0.40 | 21.32] 0.40 || 11.63| 0.29 | 18.10| 0.37 | 15.70| 0.33 | 17.65] 0.35
FeO(T) | 1.62 | 0.07 | 0.87 | 0.04 || 534 | 0.16 | 3.27 | 0.11 | 3.37 ] 0.11 | 3.00 | 0.10
MgO 192 | 0.09 | 2.24 | 0.11 )| 7.24 | 030 | 3.64 | 0.17 | 5.47 ] 0.22 | 3.68 | 0.16
CaO 1.30 | 0.05 | 097 | 0.04 || 9.81 | 0.17 | 2.85 | 0.08 | 5.54 | 0.12 | 3.60 | 0.09
Na,O | 15.11] 0.77 | 15.15] 0.74 || 9.52 | 0.53 | 14.21| 0.74 | 12.57| 0.64 | 14.33| 0.72
Total [100.00] 1.09 | 99.99| 1.07 ||100.00] 0.95 |100.00] 1.07 ]100.00] 0.99 |[100.00] 1.04
Fe,0; (Tc)| 1.80 n.a. 0.97 n.a. 5.93 n.a. 3.63 n.a. 3.75 n.a. 3.33 n.a.

Allanite mineral
chemistry (non std)

1D alnl
Oxide |w/wW%|+/-20
Sio, 32.58 | 0.51
Al,04 19.70 | 0.44
FeO 8.42 | 0.20
MgO 2.83 | 0.13
Ca0 10.80| 0.18
3,0, | 463 | 0.12
Ce,0; | 12.84| 0.30
Nd,0, | 6.09 | 0.15
Sm,0, | 2.10 | 0.06
Total 99.99| 0.82

Xenotime-(Y) mineral
chemistry (non std)

1D xtm1
Oxide |w/wW%|+/-20
P,0Oq 40.05] 0.36
Y,0; 35.95| 0.33
Gd,0; 2.14 | 0.07
Dy,03 9.08 | 0.27
Er,03 6.62 | 0.20
Yb,0, | 6.17 | 0.18
Total |100.01] 0.62

List of abbreviations in the tables:

ID: measurement position identification
+/-20: . T . ] .

/20 +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected

(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: notavailable

jd: jadeite omp: omphacite aln: allanite xtm: xenotime

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample 66/1883.41

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Farnad (today: Farna, Slovakia)

Raw material: Mg-eclogite

Garnet mineral chemistry

1D grtl grt2 grt3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 38.36] 0.36 | 37.59] 0.38 | 37.87| 0.37

Al,O; 2193 0.28 | 19.44| 0.27 | 20.71| 0.28

FeO 22.18 | 0.27 | 23.84] 0.30 | 26.31| 0.31

MnO 152 | 0.05 | 186 | 0.06 | 035 ] 0.01

MgO 226 | 0.07 | 2.11 | 0.07 | 2.80 | 0.09

Ca0 13.76] 0.15 | 15.15] 0.17 | 11.96 | 0.15

Total [100.01f 0.56 | 99.99] 0.59 ]100.00] 0.58

Pyroxene mineral chemistry

1D ompl omp?2 omp3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2c| w/w%h|+/-20

Sio, 56.19]| 0.45 | 56.44 | 0.44 | 56.44| 0.45

Al,04 8.95 | 0.16 | 10.90| 0.18 | 9.72 | 0.17

FeO(T) | 472 | 0.12 | 424 ]| 0.11 | 792 | 0.17

MgO 9.26 | 0.21 | 854 | 0.20 | 7.28 | 0.18

Cao 14541 0.17 1 12.19] 0.15 | 9.92 | 0.14

Na,O 6.34 | 0.22 | 7.68 | 0.25 | 8.72 | 0.28

Total [100.00f 0.60 | 99.99 ] 0.60 ]100.00| 0.62

Fe,0;(Tc)] 525 | na. | 471 | na. | 880 | n.a.

Paragonite mineral Titanite mineral Albite mineral
chemistry chemistry chemistry

1D pgl D ttnl D abl
Oxide |w/wW%|+/-20 Oxide | w/w%|+/-2 o Oxide | w/w%|+/-2 o
SiO, 47.78 ] 0.40 Si0, | 30.66] 0.30 SiO, | 68.64 | 0.48
Al,O; |39.49] 0.41 TiO, | 38.69| 0.35 Al,O; | 19.50 | 0.25
FeO 1.40 | 0.05 Al,O; | 1.56 | 0.04 CaO | 0.15 | 0.00
Na,O 6.84 | 0.25 FeO | 0.72 | 0.03 Na,0 | 11.71] 0.33
K,0 2.48 | 0.05 CaO | 28.36| 0.23 Total [100.00] 0.64
Total | 97.99| 0.63 Total | 99.99 ] 0.52

Epidote mineral chemistry

1D epl ep2 ep3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 38.92] 0.38 | 39.02 ] 0.38 | 38.99| 0.37

Al,O; |28.52| 0.33 | 28.70| 0.33 | 28.84| 0.33

Fe,0; 7751 0.17 | 7.57 | 0.17 | 6.74 | 0.15

MnO 0.76 | 0.03 | 0.58 | 0.02 | 0.82 | 0.03

Ca0 23.04] 0.22 | 23.13] 0.22 | 23.60| 0.22

Total | 99.00f 0.57 [ 99.00] 0.58 ] 99.00] 0.57

List of abbreviations in the tables:
ID: measurement position identification
+/-20: . T . ] .
/20 +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: notavailable
ab: albite ep: epidote grt: garnet omp: omphacite pg: paragonite ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample 66/1883.147

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Komaromszentpéter (today: Svaty Peter, Slovakia)

Raw material: jadeitite

Pyroxene mineral chemistry

ID Jd1 Jd2 Jd3 Jd4

Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0

Sio, 59.17] 0.50 | 59.30] 0.52 | 58.37] 0.49 | 59.60] 0.51

TiO, 0.10 | 0.00 | 0.13 | 0.01 | n.d. - 0.93 | 0.03

Al,O; |21.87| 0.29 | 21.76| 0.30 | 18.95| 0.26 | 22.31| 0.30

FeO(T) | 099 | 0.04 | 1.21 | 0.05 | 349 | 0.11 | 0.90 | 0.04

MgO 1.72 | 0.06 | 142 | 0.05 | 2.50 | 0.08 | n.d. -

Ca0 085 | 0.03 | 084 | 003 | 192 | 005 | 0.77 | 0.03

Na,O | 15.30| 0.44 | 15.35| 0.46 | 14.77| 0.42 | 15.49| 0.45

Total [100.00f 0.73 [100.01] 0.76 |100.00] 0.71 ]100.00| 0.75

Fe,0;(Tc)] 1.10 | n.a. | 1.34 | na. | 3.88 | n.a. | 1.00 | n.a.

Pyroxene mineral chemistry

1D ompl omp2 omp3 omp4

Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0

Sio, 63.34| 0.49 | 56.40] 0.52 | 57.01| 0.50 | 56.62 | 0.49

TiO, 120 | 0.04 | 045 ] 0.02 | 051 | 0.02 | 042 | 0.02

Al,04 8.98 | 0.16 [ 10.01| 0.20 | 12.63]| 0.22 | 10.19] 0.19

FeO(T) | 441 | 0.12 | 649 | 0.17 | 9.57 | 0.20 | 542 | 0.14

MnO 0.14 | 0.01 | n.d. - n.d. - 0.16 | 0.01

MgO 670 | 0.17 | 714 | 0.21 | 398 | 0.13 | 7.72 | 0.20

Cao 780 | 0.13 1198 0.18 | 463 | 0.10 | 10.43] 0.15

Na,O 743 | 025 | 7.52 | 0.29 | 11.66] 0.39 | 9.02 | 0.31

Total [100.00f 0.63 [ 99.99] 0.71 | 99.99] 0.72 | 99.98 | 0.67

Fe,0;(Tc)] 490 | na. | 721 | n.a. | 10.64| n.a. | 6.02 | n.a.

Titanite mineral
chemistry

ID ttnl

Oxide |w/wW%|+/-20

Sio, 31.07] 0.33

TiO, 40.43] 0.40

AlL,O, | 1.88 | 0.05

FeO 0.19 | 0.01

Ca0 26.42 1 0.25

Total | 99.99| 0.58

List of abbreviations in the tables:
ID: measurement position identification
+/-20: . T . ] .
/20 +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: notavailable
jd: jadeite omp: omphacite ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample 66/1883.173

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Szégyén (today: Svodin, Slovakia)

Raw material: Mg-eclogite

Garnet mineral chemistry

1D grtl core grtlrim grt2 core grt2 rim
Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0

SiO, 37.56| 0.40 | 37.64] 0.41 | 37.30] 0.40 | 37.35] 0.40
Al,O; |21.13] 0.31 | 20.81] 0.31 | 20.97| 0.31 | 20.89| 0.31

FeO 30.79| 0.36 | 31.45] 0.37 | 33.33] 0.38 | 34.12| 0.38
MnO 1.73 | 0.06 | 1.20 | 0.04 | 1.53 | 0.05 | 1.51 | 0.05
MgO 2.98 | 0.10 | 3.68 | 0.12 | 2.80 | 0.10 | 3.15 | 0.10

Ca0 5.81 | 0.10 | 5.22 | 0.10 | 4.07 | 0.08 | 2.99 | 0.06
Total |100.00] 0.64 |100.00] 0.66 |100.00] 0.65 |100.01] 0.65

Pyroxene mineral chemistry

1D Jd1 Jd2 Jd3 Jd4
Oxide |w/w%|+/-2 o] w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0

SiO, 59.08 | 0.42 | 58.78| 0.47 | 58.74] 0.50 | 59.20 | 0.49
Al,O; | 22.39] 0.25 | 20.87] 0.27 | 21.35| 0.28 | 21.95| 0.28
FeO(T) | 1.84 | 0.06 | 3.32 ] 0.10 | 2.08 | 0.07 | 1.20 | 0.05
MgO n.d. - n.d. - 1.79 | 0.06 | 1.41 | 0.05

Ca0 139 | 0.03 | 191 | 0.05 | 2.08 | 0.05 | 0.83 | 0.03
Na,O | 15.29] 0.37 | 15.13] 0.42 | 13.95] 0.41 | 15.42| 0.41
Total | 99.99| 0.62 |100.01] 0.69 | 99.99| 0.71 |100.01] 0.70

Fe,0; (Tc)| 2.04 | n.a. 3.69 n.a. 2.31 n.a. 1.33 n.a.
Pyroxene mineral chemistr

1D ompl omp2 omp3 omp4 omp5
Oxide | w/wW%|+/-2 ol w/w%|+/-2 o]l w/w%|+/-2 o]l w/w%h]|+/-2 o]l wwh|+/-2 0
SiO, 56.95| 0.42 | 56.46] 0.45 | 57.49] 0.49 | 56.09] 0.46 | 57.19| 0.48
TiO, 0.22 | 0.01 | 0.22 | 0.01 | n.d. - 0.16 | 0.01 | n.d. -
Al,O; |11.39] 0.17 | 9.67 | 0.17 | 14.05] 0.22 | 8.51 | 0.15 | 14.34| 0.22
FeO(T) | 12.10] 0.19 | 10.33] 0.19 | 8.67 | 0.19 | 13.37| 0.23 | 9.01 | 0.19
MgO 3.27 | 0.09 | 566 | 0.15 | 3.79 | 0.12 | 4.82 | 0.13 | 3.09 | 0.10
CaO 5.37 | 0.09 | 857 | 0.13 | 550 | 0.10 | 810 | 0.12 | 3.58 | 0.08
Na,O | 10.71] 0.30 | 9.09 | 0.29 | 10.50] 0.34 | 8.94 ] 0.29 | 12.80| 0.39
Total [100.01} 0.58 |100.00] 0.63 |100.00] 0.68 | 99.99| 0.63 |100.01] 0.69

Fe,05(Tc)| 13.45] n.a. | 11.48] n.a. 9.64 n.a. | 14.86] n.a. | 10.01| n.a.
IImenite and magnetite mineral
chemistry

1D iim1 mtl
Oxide |w/w%|+/-2c|w/w%|+/-20
TiO, 53.45] 0.34 | 11.81] 0.15
Al,O; n.d. - 1.25 | 0.04

FeO 45.66| 0.38 | 86.20| 0.53
MnO 0.90 | 0.03 | 0.55 | 0.02
MgO n.d. - 0.18 | 0.01
Total [100.01] 0.51 | 99.99| 0.55

List of abbreviations in the tables:

ID: measurement position identification
+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: notavailable
grt: garnet ilm: ilmenite jd: jadeite mt: magnetite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.



Zsolt Bend8: Non-destructive investigation of polished stone implements found in Hungary: Methodology and case studies

Supplementum

Sample 106/1882.58

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found, uncertain, Mogyordd/Mogyords, multiple possibilities available

Raw material: omphacitite

Pyroxene mineral chemistr

1D omp zone a omp zone b ompl omp2 omp3

Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o] w/w%h|+/-2 o]l w/wh|+/-2 0

SiO, 58.05| 0.48 | 55.70 | 0.47 | 55.75] 0.46 | 56.63] 0.47 | 57.88 | 0.48
Al,O; |17.99] 0.25 | 7.87 | 0.16 | 6.11 | 0.13 | 9.77 | 0.17 | 15.65| 0.23
FeO(T) | 3.70 | 0.11 | 894 | 0.19 | 8.14 | 0.18 | 494 | 0.13 | 5.77 | 0.14
MnO n.d. - 0.24 | 0.01 | 0.28 | 0.01 | 0.24 | 0.01 | n.d. -
MgO 334 | 0.10 | 7.63 | 0.20 | 9.26 | 0.22 | 829 | 0.20 | 4.00 | 0.12

Ca0 3.88 | 0.08 | 12.14| 0.16 | 13.77| 0.17 | 12.94| 0.17 | 4.63 | 0.09
Na,O | 13.05] 0.39 | 7.48 | 0.27 | 6.68 | 0.23 | 7.18 | 0.24 | 12.07| 0.37
Total [100.01] 0.69 |100.00] 0.65 | 99.99| 0.63 | 99.99| 0.63 |100.00| 0.68

Fe,0; (Tc)| 4.11 n.a. 9.94 n.a. 9.05 n.a. 5.49 n.a. 6.41 n.a.
Albite mineral chemistry Epidote mineral chemistry

1D abl ab2 ID epl ep2 ep3
Oxide |w/w%|+/-2c|w/w%|+/-20 Oxide | w/w% | +/- 2 ol w/w%|+/- 2 ol w/w%|+/-2 o
SiO, 68.22 | 0.51 | 68.78 | 0.51 Si0, | 41.12] 0.39 | 39.75] 0.39 | 39.61| 0.37
AlLO; | 19.81] 0.27 | 19.21] 0.26 Al,O; | 29.32| 0.33 | 32.35| 0.36 | 31.22] 0.36
Ca0 0.37 | 0.01 | 0.37 | 0.01 Fe,0;| 5.77 | 0.14 | 3.59 | 0.11 | 7.03 | 0.17
Na,O | 11.60] 0.36 | 11.65] 0.34 CaO | 22.80] 0.22 | 23.32] 0.23 | 21.14] 0.21
Total |100.00] 0.68 |100.01} 0.67 Total | 99.01| 0.58 | 99.01] 0.59 | 99.00| 0.58

Paragonite mineral chemistry Titanite mineral

1D Pgl Pg2 chemistry
Oxide |w/w%|+/-2c|w/w%|+/-20 ID ttnl

SiO, 48.20| 0.47 | 46.93| 0.44 Oxide | w/w%|+/-2 o
Al,O; | 40.57] 0.45 | 38.94] 0.39 Si0, | 30.93] 0.32

FeO 0.87 | 0.04 | 0.50 | 0.02 TiO, | 38.88 ] 0.38
MgO n.d. - 2.25 | 0.07 Al,O; | 2.17 | 0.06
Na,O 7.60 | 0.30 | 8.94 | 0.30 CaO | 28.02] 0.25

K,0 0.75 | 0.02 | 0.44 | 0.01 Total |100.00] 0.55
Total | 97.99| 0.72 | 98.00| 0.67

Chlorite mineral Pumpellyite mineral Pyrrhotite mineral

chemistry chemistry chemistry

1D chll ID pmpl ID pol
Oxide |w/wW%|+/-20 Oxide | w/w%|+/-2 o Elemen| w/w%|+/-2 o

SiO, 31.11| 0.38 SiO, | 38.16] 0.39 Fe | 61.26] 0.86
Al,O; | 20.36] 0.32 Al,O; | 31.11| 0.38 Ni 0.68 | 0.05

FeO 14.84 | 0.26 Fe,05| 2.42 | 0.09 S 38.06| 0.45
MgO | 23.35] 0.40 MgO | 5.56 | 0.15 Total |100.00] 0.97

CaO 0.34 | 0.01 CaO | 21.75] 0.22
Total | 90.00| 0.68 Total | 99.00| 0.61

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: notavailable
ab: albite chl: chlorite ep: epidote omp: omphactie pg: paragonite
pmp: pumpellyite po: pyrrhotite ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample 117/1884.130

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Lekér (today: Hronovce, Slovakia)

Raw material: jadeitite

Pyroxene mineral chemistr

ID Jd1 Jd2 Jd3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 59.29] 0.53 | 59.95] 0.53 | 59.04| 0.48

TiO, 0.32 1 0.01 ] 0.25 ] 0.01 | n.d. -

Al,O; |23.77| 0.33 | 22.75| 0.31 | 22.16| 0.28

FeO(T) | 0.74 | 0.03 [ 0.89 | 0.04 | 0.94 | 0.04

MgO n.d. - n.d. - 1.48 | 0.05

Ca0 0.56 | 0.02 | 0.89 | 0.03 | 1.17 | 0.03

Na,O | 15.32| 0.48 | 15.28| 0.47 | 15.21] 0.41

Total [100.00f 0.79 [100.01] 0.78 ]100.00| 0.69

Fe,0;(Tc)] 0.82 | na. | 0.99 | na. | 1.04 | n.a.

Pyroxene mineral chemistr

1D ompla omplb omp2a omp2b omp3

Oxide | w/wW%|+/-2 ol w/w%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-2 o]l wwh|+/-2 0

Sio, 56.22| 0.47 | 57.61] 0.49 | 56.01] 0.47 | 57.79] 0.50 | 55.63 | 0.46

TiO, 045 | 0.02 | 0.18 | 0.01 | 0.26 | 0.01 | 0.20 | 0.01 | 0.29 | 0.01

Al,04 857 | 0.16 [ 16.78| 0.25 | 7.78 | 0.15 | 16.39]| 0.25 | 7.04 | 0.14

FeO(T) | 11.27| 0.21 | 5.26 | 0.14 | 10.95| 0.21 | 5.19 | 0.14 | 11.46| 0.21

MnO 017 001 { 0.11 | 0.01 | 0.15 | 0.01 | 0.16 | 0.01 | 0.17 | 0.01

MgO 6.02 | 0.17 | 297 | 0.09 | 6.62 | 0.18 | 343 | 0.11 | 7.24 | 0.19

Cao 824 | 0.13 | 423 | 0.09 | 949 | 0.14 | 420 | 0.09 | 10.06| 0.14

Na,O 9.05 | 0.30 {1286 0.39 | 875 | 0.29 | 12.63| 0.40 | 8.10 | 0.27

Total | 99.99| 0.66 [100.00] 0.70 ]100.01] 0.65 | 99.99] 0.71 | 99.99 | 0.63

Fe,0; (Tc)| 12.52| n.a. 5.85 na. | 12.17] n.a. 5.77 na. | 12.74| n.a.

Titanite mineral
chemistry

ID ttnl

Oxide |w/wW%|+/-20

Sio, 31.68| 0.33

TiO, 41.57] 0.40

AlL,O, | 1.56 | 0.04

FeO 0.19 | 0.01

Ca0 25.00] 0.23

Total [100.00] 0.56

Y,03 1.80 |stdless

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected

(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: notavailable

jd: jadeite omp:  omphactie ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample 117/1884.213

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Vamosladany (today: Mytne Ludany, Slovakia)

Raw material: Fe-eclogite

Garnet mineral chemistry

1D grtl core grtlrim grt2

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

SiO, 37.16| 0.45 | 37.41] 0.44 | 37.90| 0.37

AlbO; |19.23] 0.32 | 19.69] 0.31 | 22.19] 0.30

FeO 31.84| 0.39 | 30.99] 0.38 | 31.61| 0.34

MnO 196 | 0.06 | 2.51 | 0.08 | 1.00 | 0.03

MgO 4.17 | 0.15 | 4.47 | 0.15 | 3.26 | 0.10

Ca0 5.64 | 0.11 | 492 | 0.10 | 4.04 | 0.07

Total |100.00] 0.70 | 99.99| 0.69 |100.00| 0.60

Pyroxene mineral chemistry

1D Fe-jd1 Fe-jd2

Oxide |w/w%|+/-2c|w/w%|+/-20

SiO, 57.30] 0.49 | 57.61] 0.48

TiO, 0.31 | 0.01 | 0.40 | 0.01

AlLO; | 16.72] 0.25 | 16.22 | 0.24

FeO(T) | 7.89 | 0.18 | 9.01 | 0.19

MnO 0.20 | 0.01 | 0.28 | 0.01

MgO 2.04 | 0.07 | 1.74 | 0.06

CaO 2.01 | 0.05 | 1.80 | 0.05

Na,O | 13.53] 0.42 | 12.94] 0.38

Total |100.00] 0.72 |100.00] 0.68
Fe,0, (Tc)| 8.77 n.a. | 10.01]| n.a.

Pyroxene mineral chemistry

1D ompl omp2 omp3 omp4 omp5 omp6
Oxide |w/w%|+/-2 o] w/w%|+/-2 o| w/w%|+/- 2 o| w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 0
SiO, 56.14| 0.48 | 55.61] 0.51 | 57.14| 0.48 | 54.28 ] 0.49 | 56.56] 0.49 | 55.68 | 0.50
TiO, 0.96 | 0.03 | n.d. - n.d. - 0.21 | 0.01 | 1.06 | 0.04 | 0.21 | 0.01
Al,O; 8.55 | 0.17 | 10.72| 0.21 | 12.28| 0.20 | 10.53| 0.20 | 8.66 | 0.17 | 10.75] 0.20
FeO(T) | 16.23] 0.27 | 8.36 ] 0.20 | 5.21 | 0.14 | 13.77| 0.25 | 16.87| 0.26 | 7.93 | 0.18
MnO n.d. - n.d. - n.d. - n.d. - 0.19 | 0.01 | 0.15 | 0.01
MgO 2.67 | 0.09 | 696 | 0.21 | 7.04 | 0.18 | 3.40 | 0.11 | 2.68 | 0.09 | 6.66 | 0.19
Ca0 5.60 | 0.10 | 9.96 | 0.16 | 865 | 0.13 | 11.41| 0.16 | 5.85 | 0.11 | 10.91] 0.16
Na,O 9.84 | 033 | 840 | 032 | 9.68 | 0.31 | 639 | 0.26 | 814 | 0.29 | 7.70 | 0.29
Total | 99.99| 0.68 |100.01] 0.72 |100.00] 0.66 | 99.99 | 0.67 |100.01] 0.67 | 99.99 | 0.68
Fe,0; (Tc)| 18.04| n.a. 9.29 n.a. 5.79 n.a. | 1530] n.a. | 18.75| n.a. 8.81 n.a.

IImenite mineral

chemistry
1D iim1
Oxide |w/wW%|+/-20
TiO, 52.79| 0.42
FeO 44.86 | 0.45
MnO 2.36 | 0.07
Total [100.01] 0.61

List of abbreviations in the tables:

Supplementum

ID: measurement position identification
+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: nhotavailable
Fe-jd: iron-bearing jadeite  grt: garnet ilm: ilmenite omp: omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

Sample 141/1882.44

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Garamkdvesd (today: Kamenica nad Hronom, Slovakia)

Raw material: Jadeitite

Pyroxene mineral chemistr

1D Jd1 Jd2 Jd3
Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20
Sio, 60.85| 0.44 | 58.81| 0.42 | 59.09| 0.44
Al,04 22.71| 0.25 | 20.86| 0.23 | 21.60| 0.25
FeO(T) 0.54 | 0.02 | 1.08 | 0.04 | 1.41 | 0.05
MgO n.d. - 2.28 | 0.06 | 2.26 | 0.06
Ca0 0.42 | 001 ] 1.81 | 0.04 | 1.67 | 0.04
Na,0 15.48 | 0.35 | 15.17] 0.35 | 13.96| 0.36
Total |100.00] 0.62 |100.01] 0.60 | 99.99| 0.63
Fe,0;(Tc)| 0.60 | n.a. 1.20 | n.a. 1.57 n.a.

Pyroxene mineral chemistry
1D ompl omp2 omp3 omp4
Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0
SiO, 57.17| 0.42 | 56.84 | 0.40 | 57.11] 0.41 | 59.08 | 0.43
TiO, n.d. - 0.16 | 0.01 [ 0.10 | 0.00 | n.d. -
Al,O; | 11.42] 0.17 | 11.61] 0.16 | 11.45]| 0.17 | 17.44| 0.22
FeO(T) | 4.81 ] 0.11 | 484 ] 0.11 | 4.11 ] 0.10 | 3.89 | 0.10
MgO 7.55 | 017 | 739 | 0.16 | 7.93 | 0.17 | 3.39 | 0.09
CaO 10.31] 0.13 | 10.12] 0.12 | 10.59] 0.13 | 3.99 | 0.08
Na,O 8.73 | 0.25 | 9.04 | 0.25 | 872 | 0.24 | 12.21| 0.32
Total |100.00] 0.57 |100.00] 0.55 |100.00] 0.56 |100.00| 0.60
Fe,0; (Tc)| 5.35 n.a. 538 | n.a. | 457 na. | 4.32 n.a.

List of abbreviations in the tables:
ID: measurement position identification
+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: hotavailable

jd: jadeite omp:  omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

Sample 177/1872.1/2

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found, uncertain, Vét or Vék (possibly a settlement Vékpuszta, part of Ogyalla, today: Vék, Hurbanovo, Slovakia)

Raw material: Fe-eclogite

Garnet mineral chemistry

1D grtlc grtlrim grt2 core grt2r grt3
Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o] w/w%h|+/-2 o]l w/wh|+/-2 0
SiO, 38.62| 0.37 | 37.39] 0.38 | 37.73] 0.39 | 37.17] 0.43 | 37.71| 0.44
Al,O; | 22.27] 0.29 | 20.41] 0.29 | 20.52 | 0.29 | 19.76| 0.31 | 20.56| 0.32
FeO 26.64| 0.30 | 29.74] 0.34 | 30.44 ] 0.34 | 29.76] 0.34 | 26.32| 0.32
MnO 1.46 | 0.05 | 0.28 | 0.01 | 1.83 | 0.06 | 0.77 | 0.03 | 2.16 | 0.06
MgO 6.18 | 0.16 | 1.82 | 0.06 | 479 | 0.14 | 1.43 | 0.06 | 2.08 | 0.08
Ca0 4.83 | 0.08 | 10.36] 0.14 | 4.69 | 0.08 | 11.12] 0.15 | 11.16| 0.15
Total [100.00] 0.59 |100.00] 0.60 |100.00] 0.62 |100.01] 0.65 | 99.99| 0.66
Pyroxene mineral chemistr
1D Jd1 Jd2 Jd3
Oxide |w/wW%|+/-2 o]l w/w%|+/-2c| w/w%h|+/-20
SiO, 57.77| 0.49 | 57.73] 0.46 | 57.71] 0.49
AlL,O; | 15.44] 0.24 | 16.74] 0.23 | 16.85| 0.25
FeO(T) | 11.89] 0.22 | 8.80 ] 0.18 | 9.01 | 0.19
MgO 1.31 | 0.05 | 150 | 0.05 | 1.33 | 0.05
Ca0 2.77 | 0.06 | 2.11 | 0.05 | 2.62 | 0.06
Na,O | 10.83] 0.35 | 13.12] 0.38 | 12.49] 0.39
Total |100.01} 0.69 |100.00] 0.67 |100.01] 0.70
Fe,05 (Tc)| 13.21] n.a. 9.78 | n.a. | 10.01] n.a.
Pyroxene mineral chemistry
1D ompl omp2 omp3 omp4
Oxide |w/w%|+/-2 o] w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0
SiO, 56.56 | 0.45 | 56.55| 0.48 | 56.60 | 0.44 | 54.22 | 0.44
TiO, 0.18 | 0.01 | 0.49 | 0.02 | n.d. - n.d. -
Al,O; | 10.92] 0.18 | 10.68] 0.19 | 10.23| 0.16 | 10.53| 0.17
FeO(T) | 7.68 | 0.16 | 890 | 0.19 | 8.21 | 0.16 | 12.44| 0.21
MnO n.d. - n.d. - n.d. - 0.29 | 0.01
MgO 6.08 | 0.15 | 5.87 | 0.16 | 6.20 | 0.15 | 3.63 | 0.11
CaO 10.34] 0.14 | 10.10] 0.15 | 10.35] 0.14 | 12.29| 0.15
Na,O 8.23 | 0.26 | 740 | 0.26 | 840 | 0.25 | 6.61 | 0.23
Total |99.99| 0.61 | 99.99| 0.65 | 99.99| 0.59 |100.01] 0.60
Fe,0;(Tc)| 8.54 | n.a. 9.89 n.a. 9.12 n.a. | 13.83] n.a.
Iimenite mineral chemistry
1D iim1 ilm2 ilm3
Oxide |w/wW%|+/-2 o]l w/w%|+/-2c| w/w%h|+/-20
TiO, 53.97| 0.40 | 53.00] 0.39 | 55.14] 0.39
FeO 44.83| 0.43 | 45.12| 0.43 | 42.83| 0.42
MnO 1.20 | 0.04 | 1.88 | 0.05 | 2.03 | 0.06
Total |100.00] 0.59 |100.00] 0.59 |100.00| 0.58

List of abbreviations in the tables:
measurement position identification

ID:
+/-20:

n.d.:
(T):
(Te):
n.a.:
grt:

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

not detected

measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

not available
garnet

ilm: ilmenite jd:

jadeite

omp: omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;

assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

Sample 300/1876.247

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Almasneszmély, Hungary

Raw material: Fe-Jadeitite

Pyroxene mineral chemistr

1D jd1 jd2 jd3 jd4 jd5

Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o] w/w%h|+/-2 o]l w/wh|+/-2 0

Sio, 58.741 0.59 | 58.46] 0.59 | 58.11] 0.61 | 58.62] 0.60 | 58.54| 0.61

Al,O; 2291 0.38 | 2140 0.36 | 21.46| 0.38 | 22.13| 0.37 | 22.12| 0.38

FeO(T) | 1.76 | 0.07 | 2.38 | 0.08 | 2.47 | 0.09 | 1.36 | 0.06 | 1.82 | 0.07

MgO 167 | 008 | 1.70 | 0.08 | 1.88 | 0.09 | 1.62 | 0.07 | 1.54 | 0.07

Ca0 121 1 004 | 168 | 005 | 143 ] 004 | 095 ] 0.03 | 1.30 | 0.04

Na,0O | 13.70| 0.65 | 14.25| 0.66 | 14.65| 0.68 | 15.11| 0.68 | 14.45] 0.71

K,0 n.d. - 0.12 | 0.00 | n.d. - 0.22 | 0.01 | 0.23 | 0.01

Total | 99.99| 0.97 [99.99| 0.96 |100.00] 1.00 |100.01] 0.99 |100.00] 1.02

Fe,0; (Tc)] 1.96 | n.a. 2.65 n.a. 2.75 n.a. 1.51 n.a. 2.02 n.a.

Pyroxene mineral chemistr

1D ompl omp2 omp3 omp4 omp5

Oxide | w/wW%|+/-2 ol w/w%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-2 o]l wwh|+/-2 0

Sio, 55.23] 0.58 | 55.14] 0.57 | 54.41] 0.59 | 54.33] 0.61 | 55.09 | 0.55

TiO, 026 | 0.01 { 0.29 | 0.01 | 0.40 | 0.02 | 045 | 0.02 | 031 | 0.01

Al,O; | 13.53| 0.29 | 13.19 0.29 | 11.87| 0.28 | 11.83| 0.29 | 13.55| 0.28

FeO(T) | 9.71 | 0.20 | 10.79] 0.21 | 12.38| 0.24 | 13.07] 0.25 | 9.37 | 0.19

MnO 015 001 { 0.21 | 0.01 | 0.23 | 0.01 | 0.28 | 0.01 | 0.11 | 0.01

MgO 3.07 ] 013 | 336 015 | 272 | 013 | 3.25 | 0.16 | 3.29 | 0.14

Cao 391 [ 0.09 | 334 | 008 | 510 | 0.11 | 3.65 | 0.09 | 3.29 | 0.07

Na,0O | 14.13| 0.72 | 13.67| 0.71 | 12.89| 0.70 | 13.14| 0.74 | 14.98] 0.70

Total | 99.99| 1.00 f 99.99| 1.00 [100.00] 1.00 |100.00] 1.04 | 99.99] 0.97

Fe,0; (Tc)] 10.79]| n.a. | 11.99| n.a. | 13.76| n.a. | 14.53] n.a. | 10.41] n.a.

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected

(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: nhotavailable

jd: jadeite omp:  omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

Sample 300/1876.264

Ebenhdoch Collection, Hungarian National Museum, Budapest

Stray found from Almasneszmély, Hungary

Raw material: Jadeitite

Pyroxene mineral chemistr

List of abbreviations in the tables:

ID:

+/-2o0:
n.d.: notdetected
(T):
(Te):
n.a.: hotavailable
jd: jadeite

omp:

omphactie

measurement position identification

ttn:

titanite

measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

1D jd1 jd2 jd3 jda jd5 jdé jd7
Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o] w/w%]|+/-2 o]l w/w%|+/-2 o] w/w%|+/-2 o]l w/w%h|+/-2 o]l w/w%h|+/-2 0
SiO, 58.07| 0.63 | 57.88] 0.69 | 57.29| 0.69 | 57.87] 0.63 | 57.82] 0.62 | 57.84] 0.64 | 57.96 | 0.63
Al,O; | 19.52] 0.37 | 20.36] 0.43 | 18.48| 0.41 | 20.51| 0.38 | 20.13| 0.37 | 19.96 | 0.39 | 20.67] 0.39
FeO(T) | 2.24 | 0.08 | 3.82 ] 0.13 | 476 | 0.15 | 2.79 | 0.10 | 2.89 | 0.10 | 3.07 | 0.11 | 2.57 | 0.09
MgO 2.89 | 0.14 | 237 | 0.13 | 245 | 0.13 | 1.83 | 0.09 | 2.31 | 0.11 | 2.06 | 0.10 | 1.93 | 0.09
Ca0 2.80 | 0.07 | 239 | 0.07 | 3.21 | 0.09 | 1.21 | 0.04 | 1.47 | 0.05 | 1.52 | 0.05 | 1.54 | 0.05
Na,O | 14.48] 0.75 | 13.17] 0.76 | 13.82] 0.83 | 15.78 | 0.77 | 15.38| 0.75 | 15.56| 0.82 | 15.21| 0.77
K,0 n.d. - n.d. - n.d. - n.d. - n.d. - n.d. - 0.12 | 0.01
Total |100.00] 1.06 | 99.99| 1.13 |100.01] 1.17 | 99.99| 1.07 |100.00] 1.06 |100.01] 1.12 |[100.00] 1.08
Fe,0; (Tc)| 2.49 n.a. 4,25 n.a. 5.29 n.a. 3.10 n.a. 3.21 n.a. 3.41 n.a. 2.86 n.a.
Pyroxene mineral chemistry
1D ompl omp2 omp3 omp4 omp5 omp6
Oxide |w/w%|+/-2 | w/w%|+/-2 o| w/w%|+/-2 o| w/w%|+/-2 | w/w%|+/-2 c| w/w%|+/-2 0
SiO, 55.38| 0.64 | 55.45] 0.61 | 56.78 | 0.62 | 56.01] 0.62 | 55.96] 0.63 | 55.84 | 0.64
TiO, n.d. - 0.24 | 0.01 | n.d. - 0.22 | 0.01 | n.d. - n.d. -
Al,O; 9.64 | 0.25 | 9.21 | 0.24 | 9.05 | 0.23 | 11.14| 0.27 | 11.03] 0.27 | 891 | 0.24
FeO(T) | 4.55 ] 0.14 | 6.32 ] 0.16 | 4.06 | 0.13 | 480 | 0.14 | 443 | 0.13 | 3.95 | 0.13
MnO n.d. - 0.12 | 0.01 | n.d. - n.d. - 0.12 | 0.01 | n.d. -
MgO 721 | 029 | 795 | 031 | 851 | 032 | 723 | 0.28 | 7.42 | 0.30 | 9.33 | 0.36
Ca0 14.97] 0.22 | 11.85] 0.18 | 14.79| 0.21 | 10.99| 0.17 | 11.86| 0.19 | 15.15| 0.22
Na,O 825 | 049 | 885 | 049 | 681 | 0.38 | 9.61 | 0.53 | 9.18 | 0.53 | 6.81 | 0.41
Total [100.00] 0.93 |100.00] 0.91 |100.00] 0.86 |100.00] 0.93 ]100.00] 0.95 |100.00] 0.91
Fe,0; (Tc)| 5.06 n.a. 7.02 n.a. 4.51 n.a. 5.33 n.a. 4.92 n.a. 4.39 n.a.
Titanite mineral
chemistry
1D ttnl
Oxide |w/wW%|+/-20
SiO, 30.25| 0.42
TiO, 38.27| 0.41
Fe,0; 2.16 | 0.08
Ca0 29.32| 0.29
Total |100.00] 0.66

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

Sample 39/1903

Prehistoric Collection, Hungarian National Museum, Budapest

Stray found from Iszkaszentgyorgy, Hungary

Raw material: Fe-Jadeitite

Pyroxene mineral chemistr

ID Jd1 Jd2 Jd3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 58.44] 0.52 | 58.52| 0.52 | 58.06 | 0.48

Al,O; 1946 0.28 | 19.65| 0.28 | 18.87| 0.25

Fe,04(T)| 3.72 | 0.11 | 395 | 0.12 | 402 | 0.12

MgO 185 ] 0.06 | 1.61 | 0.06 | 1.87 | 0.06

Ca0 0.86 | 0.03 | 1.17 | 0.04 | 093 | 0.03

Na,0O | 15.67| 0.48 | 15.09| 0.48 | 16.25| 0.45

Total [100.00f 0.77 | 99.99] 0.78 1100.00| 0.71

FeO(Tc) | 3.35 | n.a. | 3.55] na. | 3.62 | n.a.

Pyroxene mineral chemistry

1D ompl omp2 omp3 omp4 omp5 omp6

Oxide |w/w%|+/-2 o] w/w%|+/-2 o| w/w%|+/-2 o| w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 0

Sio, 56.18| 0.48 | 57.00] 0.49 | 56.43| 0.48 | 56.83] 0.47 | 57.15] 0.49 [ 57.79] 0.48

TiO, 0.61 | 0.02 | 0.51 | 0.02 | 0.64 | 0.02 | 042 | 0.02 | 0.28 | 0.01 | 0.24 | 0.01

Al,O; | 1151 0.20 | 15.03| 0.23 | 11.37| 0.19 | 11.79| 0.19 | 14.59| 0.22 | 15.53 | 0.23

Fe,0,4(T)| 11.02| 0.22 | 7.79 | 0.18 | 9.87 | 0.20 | 8.87 | 0.18 | 8.07 | 0.18 | 7.52 | 0.17

MnO n.d. - n.d. - 0.15 | 0.01 | n.d. - n.d. - n.d. -

MgO 346 | 011 | 239 | 008 | 395 | 0.12 | 431 ]| 0.12 | 251 | 0.08 | 2.13 | 0.07

Ca0 381 [ 008 | 324 | 007 | 458 | 0.09 | 521 ]| 0.10 | 2.77 | 0.07 | 2.02 | 0.05

Na,O | 13.42( 0.43 | 14.03| 0.44 | 13.01 | 0.41 | 12.58| 0.39 | 14.64 | 0.45 | 14.77] 0.43

Total [100.01f 0.72 [ 99.99] 0.73 ]100.00] 0.70 ]100.01] 0.68 |100.01| 0.73 |100.00| 0.71

FeO(Tc) | 992 | na. | 701 ] na. | 888 | na. | 798 | na. | 726 | na. | 6.77 | n.a.

Titanite mineral
chemistry

1D ttnl

Oxide |w/wW%|+/-20

Sio, 33.49] 0.33

TiO, 38.54| 0.36

AlL,O; | 1.35 | 0.03

FeO 0.43 | 0.02

Cao 26.20| 0.23

Total [100.01] 0.54

Y,03 0.90 |[stdless

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected

(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: notavailable

jd: jadeite omp:  omphactie ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample 3127

Rippl-Rénai Museum, Kaposvar

Stray found from Labod, Hungary

Raw material: Fe-Jadeitite

Pyroxene mineral chemistr

1D Jd1 Jd2 Jd3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 59.26 | 0.46 | 59.83 | 0.47 | 60.36 | 0.46

Al,04 19.51| 0.24 | 20.31] 0.25 | 19.72| 0.23
Fe,04(T)| 2.34 | 0.08 | 1.39 | 0.05 | 2.26 | 0.08

MgO 155 | 0.05 | 149 | 0.05 | 1.30 | 0.04

Ca0 1.50 | 0.04 | 0.72 | 0.02 | 1.34 | 0.04

Na,0 15.85| 0.40 | 16.26 | 0.41 | 15.02 | 0.38

Total |100.01] 0.66 |100.00] 0.68 |[100.00| 0.65
FeO(Tc) | 2.11 | na. | 1.25 ] n.a. | 2.03 | n.a.

Pyroxene mineral chemistry

1D ompl omp2 omp3 omp4 omp5 omp6
Oxide |w/w%|+/-2 o] w/w%|+/-2 o| w/w%|+/-2 o| w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 0
Sio, 57.22| 0.45 | 58.24| 0.44 | 56.19| 0.46 | 57.18] 0.43 | 57.21| 0.44 | 59.06 | 0.45
TiO, 0.66 | 0.02 | 0.42 | 0.02 | 0.98 | 0.03 n.d. - 0.47 | 0.02 | 0.27 | 0.01
Al,04 13.25| 0.19 | 14.30| 0.20 | 11.12] 0.18 | 11.07| 0.17 | 12.45] 0.18 | 16.77 | 0.21
Fe,04(T)| 9.58 | 0.18 | 8.29 | 0.16 | 12.16| 0.21 | 12.81| 0.21 | 10.89] 0.20 | 5.85 | 0.13
MnO 0.15 | 0.01 n.d. - 0.14 | 0.01 | 0.22 | 0.01 n.d. - n.d. -
MgO 2.36 | 0.07 ] 1.88 | 0.05 | 2.71 | 0.08 | 1.87 | 0.06 | 2.11 | 0.06 | 1.43 | 0.04
Ca0 205 )] 005 )] 169 | 0.04 | 262 | 0.06 | 1.92 | 0.05 | 2.06 | 0.05 | 0.95 | 0.03
Na,0 14.73| 0.40 | 15.17] 0.38 | 14.08] 0.41 | 14.92| 0.39 | 14.81| 0.39 | 15.67 ] 0.39
Total |100.00] 0.67 | 99.99] 0.64 [100.00] 0.68 | 99.99 | 0.64 |100.00] 0.66 |[100.00|] 0.64
FeO(Tc) | 862 | na. | 746 | n.a. | 10.94| n.a. | 11.53] n.a. | 9.80 | n.a. | 5.26 | n.a.

allanite (non std)

1D alnl

Oxide |w/wW%|+/-20
Sio, 39.22 | 0.42
AlL,O, |2151] 032
FeO 9.49 | 0.16
MgO 2.61 | 0.08
Ca0 8.28 | 0.11
13,0, | 2.09 | 0.04
Ce,0; | 10.83| 0.19
Nd,0, | 5.97 | 0.11
Total |100.00] 0.61

List of abbreviations in the tables:
measurement position identification

ID:
+/-20:

n.d.:
(T):
(Te):
n.a.:
aln:

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

not detected

measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

not available
allanite

jd:

jadeite

omp:

omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;

assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample 81-W2.5

Privet collection of Erné Wolf, Zirc

Stray found from Zirc, Hungary

Raw material: Mixed jadeitite

Pyroxene mineral chemistry

1D jd1 jd2 jd3 jd4

Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0

Sio, 58.15]| 0.50 | 61.40] 0.45 | 58.19] 0.48 | 59.39] 0.48

TiO, n.d. - n.d. - n.d. - 0.56 | 0.02

Fe,0,4(T) | 17.77| 0.25 [ 21.27] 0.23 [ 17.05] 0.24 | 19.32] 0.25

Fe,0; 443 1 012 ] 053 | 0.02 | 448 ] 0.12 | 2.58 | 0.08

MnO n.d. - 0.10 | 0.01 ] 0.21 | 0.01 | n.d. -

MgO 2.11 | 0.07 | n.d. - 2.27 | 0.07 | 1.80 | 0.06

Ca0 2.80 | 0.07 | 0.27 | 0.01 | 3.96 | 0.08 | 1.34 | 0.04

Na,0O |14.75| 0.45 | 16.43] 0.37 | 13.84[ 0.42 | 15.01| 0.41

Total [100.01f 0.74 [100.00] 0.63 |100.00] 0.70 ]100.00| 0.69

FeO(Tc) | 15.99| n.a. | 19.14] n.a. | 15.34| n.a. | 17.38| n.a.

Pyroxene mineral chemistry
1D ompl omp2 omp3 omp4

Oxide |w/w%|+/-2 o] w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0
SiO, 55.06| 0.43 | 53.76| 0.44 | 52.72 | 0.47 | 54.14| 0.47
TiO, 0.24 | 0.01 | n.d. - n.d. - 0.20 | 0.01
Al,O; 8.27 | 0.14 | 6.76 | 0.13 | 6.15 | 0.13 | 9.06 | 0.17

Fe,0,(T) | 10.64 ] 0.19 | 13.18] 0.23 | 14.97| 0.26 | 10.95] 0.21
MnO 0.24 | 0.01 | 0.37 | 0.01 | 0.43 | 0.02 | 0.36 | 0.02
MgO 526 | 0.14 | 538 | 0.15 | 529 | 0.16 | 4.63 | 0.14
Ca0 10.58 | 0.14 | 13.21] 0.16 | 12.37] 0.17 | 11.21| 0.16
Na,O 9.72 | 0.30 | 7.34 | 0.26 | 8.07 | 0.31 | 9.45 | 0.34
Total |100.01} 0.61 |100.00] 0.62 |100.00] 0.67 |100.00| 0.67

FeO(Tc) | 9.57 | n.a. | 11.86] n.a. | 13.47| n.a. | 9.85 | n.a.

allanite (non std)
1D alnl
Oxide |w/wW%|+/-20
SiO, 39.47 | 0.42
Al,O; | 21.48] 0.32
FeO 10.60| 0.18
MgO 1.26 | 0.04
Ca0 8.78 | 0.12
La,0, 3.63 | 0.07
Ce,0; | 10.44| 0.19
Nd,0; | 4.34 | 0.08
Total [100.00] 0.61

Titanite mineral
chemistry
1D ttnl
Oxide |w/wW%|+/-20
SiO, 29.94| 0.32
TiO, 37.22| 0.36
Al,O4 2.18 | 0.06
FeO 1.91 | 0.07
CaO 28.76 | 0.24
Total |100.01] 0.54

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected

(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: nhotavailable

aln: allanite jd: jadeite omp: omphactie ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample M6-2010-10B.792.2

Institute of Archaeology, Research Centre for Humanities, HAS, Budapest

Lengyel Culture, grave, Alsényék, Hungary

Raw material: Fe-Jadeitite

Pyroxene mineral chemistry

1D Fe-jd1 Fe-jd2 Fe-jd3 aegl

Oxide | w/w%|+/-2 o] w/w%|+/- 2 of w/w%|+/-2 6| w/w%|+/-2 o

Sio, 59.11] 0.53 | 57.36] 0.51 | 57.90| 0.52 | 55.87| 0.51

AlL,O; [16.35] 0.25 | 12.93| 0.21 | 16.02| 0.24 | 7.98 | 0.16

FeO(T) 7.15 | 0.16 | 10.65] 0.20 | 6.19 | 0.15 | 18.74] 0.27
MnO n.d. - n.d. - n.d. - 0.13 | 0.01

MgO n.d. - 1.84 1 0.06 | 1.97 | 0.07 | 1.30 | 0.05

Ca0 144 1 0.04 | 237 | 0.06 | 2.69 | 0.07 | 2.91 | 0.07

Na,0 ]15.95| 0.50 | 14.84] 0.49 | 15.23] 0.48 | 13.07| 0.47

Total |100.00] 0.78 | 99.99| 0.77 1100.00] 0.77 |100.00] 0.77

Fe,0; (Tc)| 7.95 na. | 11.84| n.a. 6.88 n.a. | 20.83| n.a.

Pyroxene mineral chemistry

ID Jd1 Jd2

Oxide |w/w%|+/-2c|w/w%|+/-20

Si0, 60.22 | 0.53 | 59.23| 0.53

TiO, n.d. - 0.40 | 0.02

AlL,O; [19.62| 0.27 | 18.63| 0.26

FeO(T) | 2.87 | 0.09 | 3.03 | 0.09

MgO n.d. - 1.52 | 0.05

Ca0 0.80 | 0.03 | 1.33 | 0.04

Na,0 |16.48| 0.49 | 15.87] 0.48

Total |99.99| 0.77 |100.01] 0.77

Fe,0; (Tc)| 3.19 | n.a. | 3.37 | n.a.

Pyroxene mineral chemistry

1D ompl omp?2

Oxide | w/w%|+/-2c|w/w%|+/-20

Si0, 57.38] 0.51 | 57.06 ] 0.50

TiO, 0.17 | 0.01 | 0.19 | 0.01

AL,O; [12.58]| 0.21 | 12.40] 0.21

FeO(T) | 9.07 | 0.18 | 8.44 | 0.17

MnO 0.14 | 0.01 | 0.30 | 0.01

MgO 2.79 1 0.09 | 3.20 | 0.10

Ca0 449 | 0.09 ] 473 ] 0.10

Na,0 |13.37| 0.44 | 13.67] 0.45

Total |99.99| 0.75 | 99.99| 0.74

Fe,0; (Tc)| 10.08| n.a. | 9.38 | n.a.

R . . Magnetite mineral Titanite mineral Bornite mineral
Albite mineral chemistry . i .
chemistry chemistry chemistry (non std)
1D abl 1D mtl 1D ttnl 1D bnl
Oxide | w/w%|+/-2 0 Oxide | w/w%|+/-2 ¢ Oxide | w/w%|+/-2 ¢ Elem. | w/w%|+/-2 0
Sio, 68.77] 0.55 Si0, | 0.69 | 0.02 SiO, | 30.63 | 0.34 Fe 18.68 | 0.23
Al,04 19.14| 0.27 AlLO; | 1.04 | 0.04 TiO, | 39.40] 0.39 Cu 55.17] 0.52
Na,0 12.08| 0.39 FeO | 97.73] 0.65 AlLO; | 0.71 | 0.02 S 26.15] 0.23
Total 99.99] 0.73 MnO | 0.54 | 0.02 FeO | 0.74 | 0.03 Total |100.00] 0.62
Total |100.00] 0.65 CaO | 28.52 ] 0.26
Total |100.00] 0.58

Epidote mineral allanite (non std)
chemistry 1D alnl aln2
1D epl Oxide | w/w%| +/- 2 ol w/w%|+/-2 o
Oxide |w/w%|+/-20 SiO, | 41.80| 0.46 | 41.09| 0.46
SiO, 38.61| 0.41 Al,O; | 25.59| 0.37 | 25.96| 0.38
Al,O; [25.70) 0.34 FeO | 8.03 [ 0.16 | 7.86 [ 0.16
Fe,0; |10.24) 0.21 Ca0 [14.15] 0.17 [13.93[ 0.17
MnO 0.20 | 0.01 La,0; | 2.25 | 0.06 | 1.49 | 0.04
Ca0 24.25| 0.24 Ce,0;] 5.78 | 0.14 | 6.25 | 0.14
Total | 99.00 | 0.62 Nd,0,| 2.41 | 0.06 | 3.43 | 0.09
Total [100.01] 0.66 [100.01] 0.67

List of abbreviations in the tables:
ID: measurement position identification

t-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: hotavailable
ab: albite aeg: aegirine aln: allanite bn: bornite ep: epidote
Fe-jd: iron-bearing jadeite  jd: jadeite mt: magnetite  omp:  omphactie ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Sample M6-2010-10B.6348.1

Institute of Archaeology, Research Centre for Humanities, HAS, Budapest

Lengyel Culture, grave, Alsényék, Hungary

Raw material: Jadeitite

Pyroxene mineral chemistry

ID Fe-jd1 Fe-jd2

Oxide |w/w%|+/-2c|w/w%|+/-20

Sio, 58.99] 0.52 | 58.07] 0.52

TiO, n.d. - 1.38 | 0.05

Al,O; |16.03] 0.23 | 10.86| 0.18

FeO(T) | 420 | 0.12 | 9.91 | 0.19

MgO 2.23 | 0.07 | 2.24 | 0.07

Ca0 344 | 0.08 | 2.91 | 0.07

Na,0O |15.11| 0.47 | 14.63| 0.46

Total |100.00{ 0.75 [100.00] 0.75

Fe,0; (Tc)| 4.67 | n.a. | 11.01]| n.a.

Pyroxene mineral chemistr
1D Jd1 Jd2 Jd3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 0| w/w%h|+/-20
Sio, 60.04| 0.51 | 60.17| 0.52 | 60.07 | 0.53
Al,04 21.07| 0.27 | 21.21| 0.27 | 20.69| 0.27
FeO(T) 090 | 0.04 | 1.10 | 0.05 | 1.28 | 0.05
Ca0 0.33 ] 0.01 ] 0.28 | 0.01 | 0.52 | 0.02
Na,0 17.67| 0.49 | 17.23] 0.49 | 17.44| 0.50
Total |100.01] 0.76 ]| 99.99] 0.77 [100.00] 0.78
Fe,0;(Tc)| 1.00 | n.a. 1.22 n.a. 1.42 n.a.

Pyroxene mineral chemistry
1D ompl omp2 omp3 omp4

Oxide |w/w%|+/-2 o] w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0
SiO, 57.37] 0.50 | 57.33] 0.51 | 57.36] 0.50 | 56.47 | 0.49
TiO, n.d. - 0.36 | 0.01 [ 0.35 | 0.01 | n.d. -
Al,O; 9.38 | 0.16 | 9.39 | 0.16 | 11.41| 0.19 | 10.07| 0.17

Fe,05(T)| 5.57 | 0.14 | 468 | 0.12 | 433 | 0.12 | 3.96 | 0.11
MnO n.d. - n.d. - 0.14 | 0.01 | n.d. -
MgO 7.18 | 0.18 | 7.35 | 0.19 | 6.05 | 0.16 | 7.88 | 0.20
CaO 10.33] 0.15 | 10.58] 0.16 | 8.41 | 0.14 | 10.48| 0.15
Na,O | 10.16] 0.33 | 10.30] 0.34 | 11.94] 0.38 | 11.14| 0.36
Total | 99.99| 0.68 | 99.99| 0.69 | 99.99| 0.70 |100.00| 0.69

FeO(Tc) | 5.01 | na. | 421 ] na. | 390 | na. | 3.56 | n.a.

Titanite mineral Albite mineral
chemistry chemistry

1D ttnl 1D abl
Oxide |w/wW%|+/-20 Oxide | w/w%|+/-2 o
SiO, 33.79| 0.36 Si0, | 66.54 | 0.56
TiO, 35.99| 0.38 Al,O; | 20.31| 0.28
Al,O; 3.34 | 0.08 CaO | 1.53 | 0.05
FeO 0.57 | 0.02 Na,0 | 11.62 | 0.39
CaO 26.32| 0.25 Total |100.00| 0.74
Total |100.01] 0.58

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected

(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: notavailable

ab: albite Fe-jd: iron-bearing jadeite  jd: jadeite omp: omphactie ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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M6-2010-10B.6380.1

Institute of Archaeology, Research Centre for Humanities, HAS, Budapest

Lengyel Culture, grave, Alsényék, Hungary

Raw material: Jadeitite

Pyroxene mineral chemistry

1D jd1 jd2 jd3 jd4

Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0

Sio, 59.08| 0.50 | 58.44] 0.49 | 58.71] 0.51 | 57.91] 0.51

Al,O; ]20.20f 0.26 | 17.92| 0.25 | 18.81| 0.26 | 17.40| 0.25

FeO(T) | 1.15 | 0.05 | 2.62 | 0.08 | 2.02 | 0.07 | 2.55 | 0.08

MgO 162 | 005 | 267 | 008 | 2.11 | 0.07 | 3.19 | 0.10

Ca0 1.02 | 0.03 | 269 | 0.06 | 245 ] 0.06 | 3.65 | 0.08

Na,0O |16.94| 0.47 | 15.65| 0.45 | 15.89 | 0.47 | 15.30| 0.47

Total [100.01f 0.74 [ 99.99] 0.72 ] 99.99] 0.75 ]100.00] 0.75

Fe,0;(Tc)] 1.28 | na. | 291 | na. | 224 | na. | 2.83 | na.

Pyroxene mineral chemistr

1D ompl omp2 omp3 omp4 omp5

Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o]l w/w%h]|+/-2 o]l wwh|+/-2 0

Sio, 56.54| 0.49 | 56.86] 0.49 | 56.35] 0.48 | 56.43] 0.49 | 56.81 | 0.49

TiO, n.d. - n.d. - n.d. - 0.21 | 0.01 | 0.22 | 0.01

Al,O; |11.05f 0.19 | 1167 0.19 | 9.47 | 0.17 | 9.41 | 0.17 | 12.74] 0.21

FeO(T) | 3.25 | 0.10 | 3.24 | 0.10 | 401 | 0.11 | 4.20 | 0.11 | 3.76 | 0.10

MnO n.d. - n.d. - 0.16 | 0.01 | 0.15 ] 0.01 | n.d. -

MgO 7.86 | 020 | 7.56 | 0.19 | 883 | 0.22 | 885 | 0.22 | 585 | 0.16

Ca0 9.73 | 0.15 | 9.36 | 0.14 | 1166 0.16 | 11.43] 0.16 | 7.59 | 0.13

Na,0O | 11.57f 0.37 | 11.30] 0.36 | 9.52 | 0.32 | 9.31 | 0.31 | 13.03] 0.41

Total [100.00f 0.69 [ 99.99| 0.68 |100.00] 0.67 | 99.99 | 0.67 |100.00] 0.71

Fe,0; (Tc)| 3.61 n.a. 360 | na. | 446 ] n.a. | 4.67 na. | 418 | n.a.

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected

(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: nhotavailable

jd: jadeite omp:  omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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M6-2010-10B.6320

Institute of Archaeology, Research Centre for Humanities, HAS, Budapest

Lengyel Culture, grave, Alsényék, Hungary

Raw material: Mixed jadeitite

Pyroxene mineral chemistr
1D Fe-jd1 Fe-jd2 Fe-jd3
Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20
Sio, 58.43| 0.50 | 58.16| 0.49 | 58.21| 0.51
Al,04 19.06 | 0.27 | 17.99] 0.26 | 19.12| 0.28
FeO(T) 5.08 | 0.14 | 532 | 0.14 | 539 | 0.14
MgO 1.71 | 0.06 | 290 | 0.09 | 1.68 | 0.06
Ca0 1.66 | 0.05 | 2.73 | 0.07 | 1.26 | 0.04
Na,0 14.06| 0.42 | 12.90]| 0.39 | 14.34| 0.43
Total |100.00] 0.73 ]100.00] 0.70 [100.00| 0.74
Fe,0; (Tc)| 5.65 n.a. 5.91 n.a. 5.99 n.a.
Pyroxene mineral chemistry
1D jd1 jd2 jd3 jda
Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0
Sio, 59.75] 0.51 | 60.09| 0.52 | 59.38| 0.53 | 60.23 | 0.52
Al,04 21.49| 0.29 | 22.67| 0.31 | 21.68] 0.31 | 21.71] 0.30
FeO(T) 3.36 | 0.11 | 1.83 | 0.07 | 3.34 | 0.11 | 2.42 | 0.09
Ca0 0.75 ] 0.02 | 0.52 | 0.02 | 0.53 | 0.02 | 0.77 | 0.03
Na,0 14.64| 0.44 | 14.88] 0.44 | 15.07] 0.46 | 14.86| 0.43
Total 99.99] 0.74 ] 99.99] 0.76 [100.00] 0.77 | 99.99| 0.74
Fe,0; (Tc)| 3.73 n.a. 2.03 n.a. 3.71 n.a. 2.69 n.a.
Pyroxene mineral chemistry
1D ompl omp2 omp3 omp4
Oxide |w/w%|+/-2 o] w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0
Sio, 56.49| 0.48 | 56.76| 0.49 | 56.64| 0.47 | 57.15] 0.50
Al,04 9.27 | 0.17 | 10.50| 0.19 | 9.60 | 0.17 | 12.42]| 0.22
FeO(T) 8.12 | 0.18 | 997 | 0.20 | 793 | 0.17 | 8.18 | 0.19
MnO 0.27 | 0.01 | 0.28 | 0.01 | 0.21 | 0.01 | 0.32 | 0.01
MgO 700 ] 0.18 | 5.77 | 0.16 | 7.15 | 0.18 | 4.82 | 0.14
Ca0 11.00| 0.15 | 9.00 | 0.14 | 9.56 | 0.14 | 6.59 | 0.12
Na,0 7.85 ] 0.27 | 771 | 0.26 | 890 | 0.28 | 10.52 | 0.36
Total |100.00] 0.65 | 99.99] 0.66 | 99.99| 0.64 |100.00] 0.70
Fe,0; (Tc)| 9.02 n.a. | 11.08] n.a. 8.81 n.a. 9.09 n.a.

List of abbreviations in the tables:

ID: measurement position identification
+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: nhotavailable
jd: jadeite Fe-jd: iron-bearing jadeite omp: omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

M6-2010-10-B.3060.3

Institute of Archaeology, Research Centre for Humanities, HAS, Budapest

Lengyel Culture, grave, Alsényék, Hungary

Raw material: Fe-eclogite

Garnet mineral chemistry

1D grtl grt2 grt3 core grt3 rim grt3 zone

Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o] w/w%h|+/-2 o]l w/wh|+/-2 0

SiO, 37.94] 0.40 | 39.40] 0.39 | 37.40| 0.40 | 38.42] 0.41 | 36.82| 0.43

AlL,O; |19.92] 0.29 | 22.04] 0.30 | 21.15] 0.31 | 21.42| 0.31 | 18.53| 0.30

FeO 29.34] 0.33 | 25.72] 0.31 | 17.87| 0.26 | 26.82] 0.33 | 27.90| 0.35

MnO 0.73 | 0.03 | 0.78 | 0.03 | n.d. - 0.81 | 0.03 | 2.51 | 0.08

MgO 5.64 | 0.16 | 6.29 | 0.17 | 11.88| 0.20 | 6.24 | 0.18 | 1.86 | 0.07

Ca0 6.43 | 0.11 | 5.77 | 0.10 | 11.69| 0.16 | 6.29 | 0.11 | 12.37| 0.18

Total [100.00] 0.62 |100.00] 0.62 | 99.99| 0.63 |100.00] 0.65 | 99.99| 0.67

Pyroxene mineral chemistry

1D ompl omp2 omp3 omp4 omp5 omp6
Oxide |w/w%|+/-2 | w/w%|+/-2 o] w/w%|+/-2 o| w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 0
SiO, 54.65| 0.43 | 55.64 | 0.44 | 53.18 | 0.45 | 54.06 ] 0.49 | 54.25] 0.49 | 54.74| 0.48
Al,O; 8.98 | 0.15 | 11.59| 0.19 | 7.64 | 0.15 | 10.06| 0.19 | 11.36| 0.21 | 10.80] 0.20
Fe,0,(T) | 11.95] 0.21 | 6.86 | 0.15 | 14.40] 0.24 | 9.08 | 0.20 | 14.31]| 0.26 | 7.28 | 0.17
MgO 524 | 0.14 | 636 | 0.16 | 498 | 0.14 | 6.13 | 0.18 | 2.74 | 0.09 | 6.83 | 0.18
Ca0 9.23 | 0.13 | 899 | 0.13 | 11.44| 0.15 | 10.83| 0.16 | 4.82 | 0.10 | 9.45 | 0.14
Na,O 9.95 | 0.31 | 10.56| 0.33 | 837 | 0.30 | 9.84 | 0.36 | 12.51| 0.43 | 10.89| 0.37
Total [100.00] 0.62 |100.00] 0.64 |100.01] 0.65 |100.00] 0.71 ] 99.99] 0.74 | 99.99| 0.70
FeO(Tc) | 10.75] n.a. | 6.17 | n.a. | 12.96| n.a. | 817 | n.a. | 12.88] n.a. | 6.55 | n.a.

IImenite mineral

chemistry
1D iim1
Oxide |w/wW%|+/-20
TiO, 53.19| 0.43
FeO 45.47] 0.46
MnO 1.34 | 0.04
Total [100.00{ 0.63

List of abbreviations in the tables:
measurement position identification

ID:
+/-20:

n.d.:
(T):
(Te):
n.a.:
grt:

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

not detected

measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

not available
garnet

ilm: ilmenite omp:

omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;

assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

N5/47-1939

Janus Pannonius Museum, Pécs

Lengyel Culture, grave, Zengévarkony, Hungary

Raw material: Glaucophane schist

Amphibole mineral chemistry

1D ampl amp2 amp3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 45.23| 042 | 42.98)| 0.42 | 43.17| 0.44

TiO, 022 | 0.01 | 0.29 | 0.01 | 0.31 | 0.01

Al,O; |17.25| 0.25 | 17.72| 0.27 | 17.54| 0.28

FeO 10.31] 0.19 ] 10.92] 0.20 | 10.81 | 0.21

MgO 9.83 | 0.21 | 9.72 | 0.23 | 10.03| 0.24

Ca0 587 | 0.10 | 6.36 | 0.11 | 6.39 | 0.11

Na,O 8.69 | 0.28 | 9.38 | 0.33 | 9.07 | 0.33

K,0 0.59 | 0.02 | 0.63 | 0.02 | 0.68 | 0.02

Total | 97.99| 0.64 | 98.00] 0.68 | 98.00] 0.70

Pyroxene mineral chemistry

) jd1 jd2 jd3 jd4

Oxide |w/w%|+/-2 | w/w%|+/-2 | w/w%|+/-2 ol w/w%|+/-2 0

Sio, 57.02] 0.50 | 57.14] 0.50 | 57.25] 0.49 | 56.49] 0.48

TiO, 0.15 ] 0.01 | 0.16 | 0.01 | n.d. - n.d. -

Al,O; ]19.75| 0.28 | 19.97| 0.29 | 20.09| 0.28 | 19.48| 0.27

FeO(T) | 2.14 | 0.08 | 2.03 ] 0.08 | 1.31 | 0.05 | 1.75 | 0.07

MgO 253 | 0.08 | 243 | 008 | 247 | 0.08 | 3.26 | 0.10

Ca0 3.70 | 0.08 | 3.32 | 0.08 | 3.21 | 0.08 | 3.59 | 0.08

Na,O | 14.72| 0.46 | 14.96| 0.46 | 15.67 | 0.45 | 15.44| 0.45

Total [100.01f 0.75 [100.01] 0.76 |100.00] 0.73 ]100.01] 0.73

Fe,0;(Tc)] 2.38 | na. | 226 | na. | 1.46 | na. | 1.94 | na.

Pyroxene mineral chemistry

1D ompl omp2 omp3 omp4

Oxide |w/w%|+/-2 o] w/w%|+/-2 o]l w/w%|+/-2 ol w/w%|+/-2 0

Sio, 55.31]| 0.48 | 54.10] 0.49 | 54.91| 0.47 | 55.61| 0.46

TiO, 0.16 | 0.01 | 0.33 ] 0.01 | n.d. - n.d. -

Al,O; ]12.15f 0.21 | 9.92 | 0.19 | 11.73| 0.20 | 11.82| 0.20

FeO(T) | 444 | 0.12 | 499 ] 0.14 | 3.73 | 0.11 | 3.56 | 0.10

MgO 681 | 0.18 | 852 | 0.22 | 811 | 0.20 | 7.81 | 0.19

Cao 11.56] 0.16 | 13.88] 0.18 | 11.62] 0.16 | 10.75| 0.15

Na,O 9.58 | 0.34 | 826 | 031 | 991 | 0.33 | 10.45]| 0.34

Total [100.01f 0.69 [100.00] 0.69 |100.01] 0.67 ]100.00| 0.66

Fe,0;(Tc)] 493 | na. | 555 | na. | 415 | na. | 3.96 | na.

Epidote mineral chemistry

1D epl ep2

Oxide |w/w%|+/-2c|w/w%|+/-20

Sio, 38.48] 0.39 | 39.42] 041

Al,O; |20.11| 0.28 | 20.78 | 0.29

Fe,0O; |11.38| 0.21 | 10.79] 0.22

MnO 1.81 | 0.06 | 1.76 | 0.06

MgO 145 | 0.05 | 1.54 | 0.06

Ca0 25.76] 0.24 | 24.72] 0.25

Total | 98.99| 0.58 [ 99.01] 0.61

List of abbreviations in the tables:
ID: measurement position identification

+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: nhotavailable
amp: amphibole ep: epidote jd: jadeite omp:  omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

N1/81-1938

Janus Pannonius Museum, Pécs

Lengyel Culture, grave, Zengévarkony, Hungary

Raw material: Mixed jadeitite

Pyroxene mineral chemistry

1D jd1 jd2 jd3 a4

Oxide |w/w%|+/-2 o| w/w%|+/-2 ol w/w%|+/-2 o| w/w%|+/-2 o

Sio, 58.35] 0.50 | 57.19| 0.48 | 58.67 | 0.56 | 58.51 | 0.48

TiO, 0.51 | 0.02 | 0.38 | 0.02 n.d. - n.d. -

Al,O3 17.02| 0.25 | 17.24| 0.24 | 22.52 | 0.32 | 20.61| 0.26
Fe,04(T)| 4.81 | 0.13 | 437 | 0.12 | 1.05 | 0.05 | 1.62 | 0.06

MgO 2.08 | 0.07 | 2.43 | 0.08 n.d. - 1.62 | 0.05

Ca0 1.95 | 0.05 | 2.04 | 0.05 | 0.51 | 0.02 | 0.79 | 0.03

Na,0 15.28 | 0.45 | 16.35] 0.46 | 17.25] 0.56 | 16.85| 0.45

Total |100.00f 0.73 |100.00] 0.73 |100.00| 0.86 |100.00| 0.72

FeO(Tc) | 433 | na. | 393 | na. | 094 | na. | 146 | n.a.

Pyroxene mineral chemistr
1D ompl omp2 omp3 omp4 omp5
Oxide | w/w%|+/-2 ol w/w%|+/-2 ol w/w%|+/-2 o]l w/w%|+/-2 ol w/w%|+/-2 0
Sio, 57.26 | 0.45 | 55.95| 0.46 | 55.75| 0.46 | 57.67 | 0.49 | 55.83 | 0.45
TiO, n.d. - 0.28 | 0.01 | 0.22 | 0.01 | 0.17 | 0.01 | 0.29 | 0.01
Al,04 15.33| 0.21 | 9.76 | 0.17 | 9.17 | 0.16 | 15.22 | 0.23 | 10.05| 0.17
Fe,05(T)| 4.79 | 0.13 | 498 | 0.13 | 537 | 0.14 | 442 ] 0.13 | 5.69 | 0.14
MnO n.d. - n.d. - 0.13 | 0.01 | n.d. - 0.14 | 0.01
MgO 3.47 | 0.10 | 809 | 0.19 | 845 | 0.20 | 3.78 | 0.11 | 7.25 | 0.17
Ca0 3.41 | 0.07 | 9.93 | 0.14 | 10.26| 0.14 | 4.06 | 0.09 | 8.67 | 0.13
Na,0 15.74| 0.41 | 11.02| 0.34 | 10.65| 0.33 | 14.67 | 0.44 | 12.07| 0.35
Total |100.00| 0.67 |100.01] 0.66 |100.00] 0.65 | 99.99 | 0.72 | 99.99 | 0.65
FeO(Tc) | 431 | na. | 448 | na. | 483 | na. | 398 | na. | 512 | na.
Albite mineral chemistry
1D abl ab2

Oxide |w/w%|+/-20

w/w%|+/-2 0

Sio, 68.64 | 0.49 | 66.66 | 0.53
Al,O3 18.96 | 0.24 | 19.77 | 0.27
FeO |n.d. - 0.47] 0.02
Ca0 0.24 | 0.01 | 1.74 | 0.05
Na,0 12.17| 0.33 | 11.36| 0.35
Total |100.01] 0.64 [100.00] 0.69
Allanite mineral
chemistry (non std)
ID alnl
Oxide |w/w%|+/-20
Sio, 37.59] 0.43
Al,0, |21.95| 0.35
FeO 9.38 | 0.17
MgO | 2.46 | 0.08
Ca0 8.35 | 0.12
2,0, | 3.60 | 0.08
Ce,0; | 11.28] 0.22
Nd,0, | 5.38 | 0.11
Total 99.99 | 0.65

Epidote mineral chemistry
1D epl ep2
Oxide |w/w%|+/-2c|w/w%|+/-20
Sio, 40.86| 0.41 | 39.99 | 0.39
Al,O3 31.54] 0.36 | 27.61| 0.33
Fe,0, | 2.52 | 0.09 | 8.74 | 0.19
MnO n.d. - 0.21 | 0.01
Ca0 24.08 | 0.25 | 22.45| 0.23
Total 99.00 | 0.60 | 99.00| 0.60

List of abbreviations in the tables:
ID: measurement position identification

+/-20:

n.d.: notdetected

(T): measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: hotavailable
ab: albite

aln:

allanite

ep:

epidote

jd:

jadeite

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,03

assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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N11/169-1938

Janus Pannonius Museum, Pécs

Lengyel Culture, grave, Zengévarkony, Hungary

Raw material: Fe-mixed jadeitite

Pyroxene mineral chemistr
1D Jd1 Jd2 Jd3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20
Sio, 58.24 | 0.48 | 58.26 | 0.46 | 58.74| 0.45
Al,04 20.95| 0.27 | 20.95| 0.26 | 20.56 | 0.25
Fe,04(T)| 2.78 | 0.09 | 2.35 | 0.08 | 2.16 | 0.07
MgO 1.37 | 0.04 | 1.12 | 0.04 | 1.55 | 0.05
Ca0 1.42 | 0.04 | 0.73 | 0.02 | 1.25 | 0.04
Na,0 15.24| 0.43 | 16.58 ] 0.43 | 15.73| 0.39
Total |100.00] 0.71 ] 99.99] 0.69 | 99.99| 0.66
FeO(Tc) | 250 | na. | 211 ] na. | 1.94 | n.a.

Pyroxene mineral chemistr
1D ompl omp2 omp3 omp4 omp5

Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o]l w/w%h]|+/-2 o]l wwh|+/-2 0
SiO, 54.19]| 0.45 | 53.70] 0.44 | 53.09] 0.43 | 55.78 ] 0.45 | 55.93| 0.46
TiO, 0.43 | 0.02 | 0.31 | 0.01 | 0.46 | 0.02 | 0.39 | 0.01 | 0.15 | 0.01
Al,O; |11.29] 0.19 | 9.29 | 0.16 | 8.78 | 0.16 | 14.44| 0.22 | 13.78| 0.21

Fe,0,(T) | 14.36] 0.24 | 14.05| 0.24 | 14.87] 0.24 | 9.97 | 0.19 | 10.57| 0.20
MnO 0.27 | 0.01 | 0.49 | 0.02 | 0.35 | 0.01 | n.d. - n.d. -
MgO 2.03 | 0.07 | 3.14 | 0.10 | 3.66 | 0.11 | 2.35 | 0.07 | 2.61 | 0.08
CaO 3.73 | 0.08 | 8.18 | 0.12 | 888 | 0.13 | 2.16 | 0.05 | 2.88 | 0.06
Na,O | 13.70] 0.42 | 10.84] 0.36 | 9.90 | 0.33 | 14.90] 0.43 | 14.08 | 0.41
Total [100.00] 0.70 |100.00] 0.65 | 99.99| 0.64 | 99.99| 0.69 |100.00| 0.69

FeO(Tc) | 12.92| n.a. | 12.64] n.a. | 13.38| n.a. | 897 | n.a. | 9.51 | n.a.

Allanite mineral
chemistry (non std)

1D alnl

Oxide |w/wW%|+/-20

Sio, 37.52] 0.44

ALO; | 20.90] 0.35

FeO 11.95] 0.20

MgO 1.62 | 0.06

Cao 9.94 | 0.14

3,0, | 2.95 | 0.07

Ce,0, | 9.44 | 0.19

Nd,0, | 5.67 | 0.12

Total | 99.99 | 0.65

IImenite mineral
chemistry

ID iim1

Oxide |w/wW%|+/-20

TiO, 51.99] 0.41

FeO 46.12| 0.44

MnO 1.56 | 0.05

MgO 0.33 | 0.01

Total [100.00] 0.60

List of abbreviations in the tables:
ID: measurement position identification
+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: nhotavailable
aln: allanite ilm: ilmenite jd: jadeite omp:  omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Olad-321

Savaria Museum, Szombathely

Lengyel Culture, settlement, Szombathely-Olad, Hungary

Raw material: Fe-eclogite

Garnet mineral chemistry

ID grtl grt2 grt3

Oxide |w/w%|+/-2 ol w/w%|+/-2 ol w/w¥%|+/-20

Si0, 37.43| 0.39 | 38.06 | 0.43 | 38.65| 0.39

Al,O; ]20.34] 0.30 | 21.00] 0.32 | 22.56| 0.31

FeO 31.68| 0.35 [ 28.81| 0.35 | 26.27| 0.32

MnO 1.84 | 0.06 | 0.74 | 0.03 | 1.96 | 0.06

MgO 368 | 0.12 | 530 | 0.16 | 5.76 | 0.15

Ca0 5.02 | 0.09 | 6.08 | 0.11 | 4.81 | 0.09

Total | 99.99| 0.63 | 99.99 | 0.67 |100.01] 0.62

Pyroxene mineral chemistry

ID ompl omp2 omp3 omp4

Oxide | w/wW%|+/-2 o| w/w% | +/- 2 o| w/w% | +/- 2 o| w/w% | +/-2 o

Si0, 56.60 | 0.45 | 55.61| 0.49 | 56.14| 0.48 | 56.04| 0.48

TiO, 0.19 | 0.01 | n.d. - n.d. - 0.19 | 0.01

Al,O; ]11.26] 0.18 | 10.33| 0.19 | 14.58| 0.22 | 11.94| 0.20

Fe,04(T) | 9.32 | 0.18 | 6.39 | 0.16 | 829 | 0.18 | 8.49 | 0.19

MgO 456 | 012 | 666 | 018 | 2.76 | 0.09 | 5.11 | 0.15

Ca0 5.88 | 0.10 | 1046 0.16 | 3.12 | 0.07 | 6.14 | 0.11

Na,0 |12.19| 0.36 | 10.55] 0.37 | 15.10| 0.45 | 12.09| 0.39

Total |100.00] 0.65 ]100.00] 0.70 | 99.99  0.73 ]100.00| 0.70

FeO(Tc) | 839 | na. | 575 | na. | 746 | na. | 7.64 | n.a.

Allanite mineral
chemistry (non std)

ID alnl

Oxide |w/w%|+/-20

Si0, 36.48| 0.43

ALO, | 20.68 | 0.34

FeO 12.01] 0.20

MgO | 1.93 | 0.07

Ca0 8.49 | 0.12

la,0; | 3.14 | 0.07

Ce,0; | 10.98| 0.21

Nd,0; | 6.29 | 0.12

Total |100.00] 0.65

Biotite mineral chemistry

ID btl bt2

Oxide |w/wW%|+/-2c|w/wW%|+/-20

Si0, 36.01| 0.40 | 31.80| 0.38

AlL,O; |20.63] 0.30 | 17.87| 0.29

FeO 19.96| 0.29 | 24.98| 0.34

MgO | 15.11| 0.30 | 16.61| 0.33

K,0 5.29 | 0.09 | 5.75 | 0.10

Total | 97.00| 0.66 | 97.01] 0.68

Epidote mineral chemistry limenite mineral

ID epl ep2 chemistry
Oxide |w/wW%|+/-2c|w/wW%|+/-20 ID ilm1

Si0, 39.46 | 0.41 | 40.89| 0.40 Oxide | w/w%|+/-2 ¢
ALO; | 25.70] 0.33 | 26.34] 0.32 TiO, | 55.12| 0.42
Fe,0; | 10.46| 0.22 | 8.70 | 0.19 FeO | 39.87| 0.41
MnO 0.47 | 0.02 | 0.07 | 0.00 MnO | 5.00 | 0.12
Ca0 22.91| 0.24 | 23.00| 0.24 Total | 99.99 | 0.60

Total | 99.00f 0.62 | 99.00| 0.60

List of abbreviations in the tables:
ID: measurement position identification

+/-20: ) N ) ] )
/-20 +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

n.d.: notdetected

(T): measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions

(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

n.a.: notavailable

aln: allanite bt: biotite ep: epidote grt: garnet ilm: ilmenite omp:  omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,04
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Supplementum

Olad-329

Savaria Museum, Szombathely

Lengyel Culture, settlement, Szombathely-Olad, Hungary

Raw material: Fe-mixed jadeitite

Pyroxene mineral chemistr

ID Jd1 Jd2 Jd3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 58.88| 0.46 | 59.35] 0.48 | 58.62 | 0.48

TiO, 0.22 | 0.01 | n.d. - 0.38 | 0.01

Al,O; 1930 0.24 | 19.55| 0.25 | 18.03 | 0.24

Fe,0,4(T)| 2.48 | 0.08 | 2.71 | 0.09 | 3.10 | 0.10

MgO 1.79 1 0.05 | 1.78 | 0.06 | 2.29 | 0.07

Ca0 1331 004 | 1.13 ] 003 | 2.77 | 0.07

Na,O | 16.00| 0.40 | 15.49| 0.42 | 14.81| 0.42

Total [100.00f 0.67 [100.01] 0.69 ]100.00| 0.70

FeO(Tc) | 2.23 | na. | 244 | na. | 279 | n.a.

Pyroxene mineral chemistr

1D ompl omp?2 omp3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 0| w/w%h|+/-20

Sio, 55.71] 0.45 | 55.52 | 0.44 | 54.52| 0.45

Al,O; |]10.80f 0.18 | 9.59 | 0.16 | 6.58 | 0.13

Fe,04(T)| 7.23 | 0.16 | 845 | 0.17 | 9.06 | 0.19

MgO 6.05 | 0.15 | 6.53 | 0.16 | 841 | 0.20

Cao 10.31] 0.14 ] 10.42] 0.14 | 1430 0.17

Na,O 9.89 | 0.31 | 949 | 0.29 | 7.12 | 0.25

Total | 99.99| 0.63 [100.00] 0.61 ]| 99.99| 0.62

FeO(Tc) | 6.51 | na. | 760 | n.a. | 8.15 | n.a.

Titanite mineral Allanite mineral IImenite mineral
chemistry chemistry (non std) chemistry
1D ttnl 1D alnl 1D iim1
Oxide |w/wW%|+/-20 Oxide | w/w%|+/-2 o Oxide | w/w%|+/-2 o
SiO, 34.65| 0.34 Si0, | 39.14| 0.44 TiO, | 54.40] 0.42
TiO, 35.34| 0.36 Al,O; | 23.60| 0.36 FeO | 42.99| 0.43
Al,O; 3.05 | 0.07 FeO | 11.20| 0.20 MnO | 2.61 | 0.07
FeO 1.11 | 0.04 MgO | 1.31 | 0.04 Total |100.00] 0.61
CaO 25.86| 0.24 CaO | 13.74] 0.17
Total |100.01] 0.54 La,05 | 0.99 | 0.03
Y,03 2.10 |[stdless Ce,05] 5.31 | 0.13
Nd,0;| 4.70 | 0.11
Total | 99.99| 0.65

Chlorite mineral chemistry

1D chll chl2 chi3

Oxide |w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-20

Sio, 33.94] 0.37 | 37.06] 0.38 | 35.79] 0.39

Al,O; ]19.32| 0.29 | 18.62| 0.27 | 17.20| 0.27

FeO 17.35] 0.26 | 15.97] 0.25 | 16.76 | 0.26

MgO ]18.69] 0.32 | 16.30| 0.30 | 18.69 | 0.33

Ca0 0.55 | 0.02 | 0.48 | 0.02 | 0.66 | 0.02

K,0 0.14 | 0.00 | 1.58 | 0.04 | 0.90 | 0.03

Total | 89.99| 0.63 | 90.01] 0.61 | 90.00] 0.64

List of abbreviations in the tables:
ID: measurement position identification
+-20: +/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.
n.d.: notdetected
(T):  measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
(Tc):  calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions
n.a.: nhotavailable
aln: allanite chl: chlorite ilm: ilmenite jd: jadeite omp:  omphactie ttn: titanite

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;
assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.
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Mora Ferenc Museum, Szeged

Tisza Culture, settlement, Hédmez&vasarhely-Gorzsa, Hungary

Raw material: Fe-mixed jadeitite

Garnet mineral chemistry

1D grtl grt2
Oxide |w/w%|+/-2c|w/w%|+/-20
SiO, 38.02| 0.50 | 37.18 | 0.52
Al,O; |20.22] 0.37 | 19.32] 0.37
FeO 26.87| 0.40 | 24.44] 0.38
MnO 2.24 | 0.08 | 9.50 | 0.22
MgO 6.26 | 0.23 | 3.70 | 0.16
Ca0 6.40 | 0.14 | 5.87 | 0.13
Total |100.01} 0.79 |100.01} 0.80
Pyroxene mineral chemistr
1D jd1 jd2 jd3 jda jd5
Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o]l w/w%h|+/-2 o]l wwh|+/-2 0
SiO, 58.03| 0.56 | 58.10] 0.57 | 58.30] 0.60 | 57.75] 0.59 | 57.78 | 0.56
TiO, 0.18 | 0.01 | 0.13 | 0.01 | 0.10 | 0.00 | 0.13 | 0.01 | 0.12 | 0.01
Al,O; | 18.50] 0.30 | 17.38] 0.29 | 19.51] 0.32 | 17.42| 0.30 | 17.97| 0.29
FeO(T) | 3.88 | 0.13 | 4.89 | 0.15 | 427 | 0.15 | 5.14 | 0.16 | 4.68 | 0.15
MgO 2.39 | 0.09 | 3.01 | 0.11 | 1.73 | 0.07 | 2.52 | 0.10 | 2.35 | 0.09
Ca0 2.02 | 0.06 | 2.86 | 0.08 | 1.51 | 0.05 | 2.93 | 0.08 | 2.29 | 0.07
Na,O | 15.00] 0.49 | 13.62 | 0.46 | 14.58 ] 0.52 | 14.10] 0.51 | 14.81| 0.49
Total [100.00] 0.82 |100.00| 0.82 |100.00] 0.87 |100.00] 0.86 |100.00| 0.83
Fe,0; (Tc)| 4.31 n.a. 5.43 n.a. 4.75 n.a. 5.71 n.a. 5.20 n.a.
Pyroxene mineral chemistr
1D ompl omp2 omp3 omp4 omp5
Oxide | w/wW%|+/-2 o]l w/w%|+/-2 o]l w/w%|+/-2 o] w/wh|+/-2 o]l wwh|+/-2 0
SiO, 53.36| 0.61 | 54.86] 0.54 | 53.49] 0.55 | 55.88] 0.56 | 55.26 | 0.56
Al,O; 7.66 | 0.21 | 9.56 | 0.20 | 592 | 0.15 | 11.03| 0.23 | 8.49 | 0.20
FeO(T) | 15.83] 0.33 | 10.05] 0.23 | 14.41| 0.29 | 12.22| 0.26 | 13.16| 0.27
MnO 0.48 | 0.03 | 0.32 | 0.02 | 0.52 | 0.03 | 0.23 | 0.01 | n.d. -
MgO 4.62 | 0.19 | 533 ] 0.17 | 6.02 | 0.20 | 3.26 | 0.12 | 5.08 | 0.18
CaO 10.43] 0.20 | 9.84 | 0.17 | 11.71{ 0.19 | 3.51 | 0.09 | 6.94 | 0.14
Na,O 7.63 | 0.40 | 10.03| 0.40 | 7.93 | 0.34 | 13.87| 0.51 | 11.08| 0.45
Total [100.00] 0.87 |100.00] 0.78 |100.00] 0.77 |100.00] 0.85 |100.00| 0.82
Fe,05(Tc)| 17.59] n.a. | 11.17| n.a. | 16.01] n.a. | 13.58] n.a. | 14.63| n.a.

List of abbreviations in the tables:
measurement position identification

ID:
+/-20:

n.d.:
(T):
(Te):
n.a.:
grt:

+/- 2 sigma values: calculated error of measurements, measured data fall within this range with confidence of approximately 95.45%.

not detected

measured total value of an iron-oxide in Na-pyroxenes which can contains bot 2+ and 3+ iron ions
calculated total value of the other iron-oxide in Na pyroxenes which can contains bot 2+ and 3+ iron ions

not available
garnet

jd:

jadeite

omp:

omphactie

Note: Since the data were measured during multiple sessions, some differences can be found in the original dataset, especially in FeO vs. Fe,0;

assessments of Na-pyroxenes. This issue have been solved with both FeO and Fe,0; values are indicated in the dataset.






