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Introduction

Problem description

In hard rock geology, to break, cut, pulverizing, or in one word,
destroying the samples is the correct way according to the sample
preparation and investigation protocols. 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.
This is the correct approach during the investigation of remnants of
stone age, especially when we are facing with unique, rare and intact
items, even if their value is not as close as a Renaissance painting has.
Since the beginnings of the archaeometry, 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 partial
answers were revealed, which can support the results of each other,
however, none of them able to give all necessary answers alone. In
this PhD dissertation a non-destructive way of investigation has been
presented, which can provide textural and mineral chemical
information about polished stone implements from the Neolithic era,
and usefulness and limitations of this method has been proven with a
series of case studies.

Method used for the investigations

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 is 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.

Actual results on stone tools made of HP
metaophiolites

Two articles are concentrating on a special kind of lithic raw
material of certain stone tools, the high pressure-low temperature (HP-
LT) metaophiolites, like eclogite and different varieties of jadeitites.
Their raw material is completely missing from the Carpathian Basin,
at least from the surface, as well as the presence of HP-LT
metaophiolite stone implements was practically unknown until 2008.
Since the discovery of their presence in old, large Hungarian
collections (which were piled up from stray finds), like Mihaldy
collection of Laczké Dezs6 Museum in city of Veszprém and
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Ebenhoch collection of Hungarian National Museum in Budapest,
they were found among the object assemblages of different
archaeological surveys performed in XX. and XXI. centuries also.

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.

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, 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.
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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 of budgets of projects, which are running on these topics.

At first, three stone tools from Mihéldy- and Ebenhdch collections
were investigated to have more detailed information. Their unique,
HP-LT metaophiolite raw material was confirmed earlier with another
method, PGAA, 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-LT
metaophiolite, from a raw material group, which was unknown among
Hungarian stone implements, there was no possibility to perform
destructive investigations. To analyse them, a unique, non-destructive
sample preparation method have been found out.

Revealing lot of useful data about these three items 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.

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,;

. Ideal 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.
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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 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 Didsviszlo (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, other one
is from Balatondszdd, and it was investigated by the lab of Geological
and Geochemical Institute of Hungarian Academy of Sciences 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, e.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.

Theses of the PhD dissertation




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

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.

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.
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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.

As it can be seen below, the preparation steps are very similar for
the gemstones than the stone implements:
- 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;

- Ideal 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.
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- 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.

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.

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 reveal commercial
connections between the source area and the finding area of the
investigated item.
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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, in the
Czech Republic and two pieces from Slovakia. 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 Hodmez6vasarhely-Gorzsa.

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 Ebenhdch 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. During the next few years, collection of HP
metaophiolite stone implements was grown from 3 pieces to 13 in the
first step, and later to 25. Since the first tree pieces were all stray finds,
during the next years, it turned out that some of the archaeological
excavations uncovered HP metaophiolite stone implements also.
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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:

- Alsonyék: 5 pieces;

- ZengOvarkony: 3 pieces;

- Szombathely-Olad: 2 pieces;

- Hoédmezévasarhely-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 Western European findings
that, the really large sized artefacts (up to 46 cm), which are
characteristic for there, are completely missing from the above-
mentioned artefact assemblages, where small and medium sized
pieces can be found with a maximum length of 16-18 cm.

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 1).
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Table 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.

Inventory number of

# | Group Short description related stone tools Localities Context
1 66/1883.147 Szentpéter (Svaty Peter, SK) Stray
2 . s 117/1884.130 Lekeér (H ? SK t
Contains much more jadeite 7 i Stray
than omphacite and/or Fe- . .
3 o |jadeite. Na-pyroxenes are 141/1882.44 Kovesd (Kamenica nad Hronom, SK) Stray
| E generally zoned, they have large
4 :_43 jadeite core and thin omphacite 300/1876.264 Bakonypéterd Stray
— = rim.
5 o) Accessory minerals are zircon, 55.1276 Bakony Stray
allanite, titanite and xenotim.
6 Texture can be slightly oriented. | /6 10 108 6348.1 Alsényék Lengyel culture, grave
7 M6.2010.10B.6380.1 Alsonyék Lengyel culture, grave
8 Contains zoned Na-pyroxenes, 39/1903 Iszkaszentgyorgy Stray
— @ | they have jadeite core and Fe-
9 £ |jadeite rim. Omphacite and 3127 Labod Stray
% aegirine-augite are missing.
.2 Accessory minerals are zircon, , ,
10 3 rutile, titanite, allanite, ilmenite, 300/1876.247 Almasneszmély Stray
= xenotime and monazite.
11 Texture can be slightly foliated. | M6.2010.10B.792.2 Alsonyék Lengyel culture, grave
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#

Group

Short description of group

Inventory number of
related stone tools

Localities

Context

12

13

14

15

16

17

Mixed jadeitite
Iron mixed jadeitite

Contains zoned Na-pyroxenes,
they have jadeite core and Fe-
jadeite or omphacite or aegirine-
augite rim.

Accessory minerals are zircon,
allanite, rutile, apatite, ilmenite
and titanite.

Chlorite can be found as
retromorphic phase.

Texture is homogeneous in
general.

M6.TO.10/B.6320

Alsonyék

Lengyel culture, grave

N1/81-1938

Zengdvarkony

Lengyel culture, grave

81/W2.5

Zirc

Field survey

N11/169-1938

Zengdvarkony

Lengyel culture, grave

99.3.1863

Hédmez6vasarhely-Gorzsa

Tisza culture, settlement

Olad-329

Szombathely, Olad

Lengyel culture,
settlement

18

19

Omphacite schist
Glaucophane schist

Contains zoned Na-pyroxenes
with omphacite core, and jadeite
rim.

Accessory minerals are
ilmenite, apatite, titanite.
According to the texture,
glaucophane was formed in the
latest, retrograde stage of
metamorphism.
Slightly
texture.

foliated/oriented

106/1882.58

Mogyorod? Mogyor6s?

Stray

N5/47-1939

Zengdvarkony

Lengyel culture, grave
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Inventory number of

# | Group | Short description of group related stone tools Localities Context
20 Contains high amount of garnets 66/1883.41 Farnad (Fama, SK) Stray
in addition to Na-pyroxenes.
Omphacit to b
21 h;ﬁfoga;:;, g c‘;rding 66/1883.173 Szbgyén (Svodin, SK) Stray
© to the data their core is slightly
22 'En enriched in jadeite_ Accessory 177/1872.1/2 Unknown (Vét?) Stray
— 2 minerals are ilmenite, zircon,
23 é‘ apatite and rutile. Retromorphic | M6.2010.10B.3060.3 Alsényék Lengyel culture, grave
| | phase (epidote) occurs rarely.
Garnets are slightly zoned, but . a ,
24 this zonation is invisible on the 117/1884.213 Vamosladany (Mytne Ludany, SK) Stray
rough surfaces. They have Lengyel culture,
25 foliated/oriented texture. Olad-321 Szombathely, Olad 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. 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. This kind of HP-LT
metaophiolitic rocks are characteristic rocks of the Western Alps,
where they can be found from Aosta valley area at North till Monviso
at South and in the Voltri Massif at the north-western end of Apennines
(Monte Beigua, Liguria).

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 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. Sediments of upper Po River
also contains this kind of HP metaophiolitic rocks, which most
probably were originated from the Monviso area.

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.
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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 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 (Figure 1).

With this work, proven range of HP metaophiolite stone
implements now is covering the Transdanubian region, and one piece
appears at Eastern Hungary also. For the different distribution, there
was a widespread explanation, that the jadeitite and the copper and
gold items were in complementary distribution in Europe, 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 were
flourished in the second half of the V* Millennium (approx. 4800—
4500 BC); while the very early Copper Age first gold and copper
artefacts can be dated to the younger Middle Copper Age.
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Figure 1. 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:
- Hédmezévdsdrhely-Gorzsa — the single point in Southeastern Hungary.

Articles were used to compile the dissertation

BENDO, ZS., OLAH, L, PETERDI, B., HORVATH, E. (2013): Csiszolt
kéeszkozok és ékkovek roncsoldsmentes SEM-EDX vizsgalata:
lehetéségek és korlatok. Non-destructive SEM-EDX analytical
method for polished stone tools and gems: opportunities and
limitations. Archeometriai Mihely X/1: 51-66 (in Hungarian with
English abstract and captions)

BENDO, ZS., SZAKMANY, GY., KASZTOVSZKY, ZS., MAROTI, B.,
SZILAGYTI, SZ., SZILAGYI, V., BIRO, K.T. (2014): Results of non-
destructive SEM-EDX and PGAA analyses of jade and eclogite
polished stone tools in Hungary. Archeometriai Miithely X1/4:187-
206.

BENDO, ZS., SZAKMANY, GY., KASZTOVSZKY, ZS., BIRO, K.T,
OLAH, 1., OSZTAS, A., SZILAGYI, V. (2018): High pressure
metaophiolite polished stone implements found in Hungary.
Archaeological and Anthropological Sciences 11:1643-1667

Theses of the PhD dissertation

17



Osszefoglalds

Osszefoglalas
A probléma ismertetése

A geologiai mintdk eldkészitése soran teljesen megszokott a
mintak Osszetorése, elvagasa, poritasa, egyszoval roncsolasa. Ilyen
vizsgéalati moddszereket viszont nem alkalmazhatunk kulturalis
orokségilink asvany vagy kozet anyagu targyainal, példaul ékszerek
dragakoberakasainal, szobrok, vagy festmények pigmentjeinek
vizsgalata soran. Ilyen esetekben a roncsolasmentes (esetleg
mikroroncsolasos) modszerek alkalmazasa kiemelten fontos ezeknek
az egyediilalld ¢és megismételhetetlen targyaknak a megérzése
szempontjabol. Ez kiilondsen igaz akkor, ha azok sértetlenek, jo
mindségiiek és részletes régészeti vagy torténelmi dokumentacioval
rendelkeznek. Az archeometria kezdetei 6ta mindig nagy probléma
volt, hogyan lehet a lehet6 legtdbb informacidt kinyerni, anélkiil, hogy
karositandk vagy megsemmisitenék ezeket a hihetetlen torténelmi
hattérrel rendelkez6 targyakat. A kdkorszaki eszkdzok vizsgalatanal is
célszerli roncsoldsmentes vizsgalatokkal kezdeni, és csak erdsen
sériilt, toredékes darabok esetén roncsolni a mintakat.

Az elemzési technikak fejlddése tobb részleges valaszt is adott a
fenti problémara kiilonbdzd elemzési modszerek formajaban. Ezek a
modszerek egymas eredményeit kolcsondsen alatamasztjak, azonban
egyik sem képes dnmagaban minden sziikséges valaszt megadni.
Sajnos azonban a leggyakrabban hasznalt roncsolasmentes modszerek
(XRF, Raman) egyike sem tud képi informaciot adni a kézetszdvetrdl.

Anyagvizsgalati modszerek

A mintak teljesen roncsoldsmentes vizsgalatinak igénye és a
vizualis informéciok sziikségessége egy specidlis mintakészitési
modszer kidolgozasahoz vezetett, amely lehetdvé teszi olyan mintak
vizsgélatat, amelyekr6l e modszer nélkiil nem lehetett volna részletes
informaciokat szerezni. Ezt a modszert ,,eredeti felszin vizsgalat”-nak
neveztilk el, mivel a vizsgalt targyak eredeti (habar alaposan
megtisztitott) feliiletére dsszpontosit. Ennek a modszernek f6 elonye
a hagyomanyos, széles korben hasznalt és elérhetd elektronnyalabos
anyagvizsgalat, amely mind szdveti, mind (dsvany)kémiai adatokat
szolgaltat a mintakrol. Mivel az ,eredeti felilleti modszer” nem
igényel vagast, csiszolast vagy egyéb roncsoldsos eldkészitést, ez a
modszer roncsolasmentesnek tekinthetd (Bendo et al. 2013).
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A vizsgalathoz az ELTE Kézettan-Geokémiai Tanszékén 1évo
nagyméretli mintakamraval felszerelt pasztazé elektronmikroszkopot
hasznaltuk, melyben akar 30 cm hosszit mintdkat is
megvizsgalhatunk. A mintak egy specialis mintael6készitési eljarason
mennek keresztiil, melynek fobb 1épései a tisztitds, a vizsgalando
feliilet kijelolése, a feliilet beburkolasa aluféliaval, legvégiil pedig az
el6z6 lépések soran kialakitott feliillet vezetové tétele vékony
szénréteg ragdzolésével, mely a vizsgalat utdn nyomtalanul
eltavolithatdo. Ezek utan keriilnek be a leletek a pasztazo
elektronmikroszkép mintakamrajaba, ahol a kordbban el6készitett
tertiletr6l készithetiink fotokat és méréseket (Bend6 et al. 2013).

A disszertadcioban bemutatott mintdk egy része toredékes volt,
ami lehetdvé tette, hogy roncsolasmentes vizsgélataink eredményeit a
kéeszk6zokbol készitett vékonycsiszolatokon elvégzett
,hagyomanyos” SEM-EDX vizsgalatok eredményeivel hasonlitsuk
Ossze, ezzel tesztelve moddszeriinket. Eredményeink megmutattak,
hogy az altalunk alkalmazott teljesen roncsolasmentes modszer az
archeometriai  vizsgalatok soran az esetek tobbségében jol
hasznalhato, megfeleld képi és kémiai informaciot ad tobb kézettipus
esetén, azonban az is kideriilt, hogy néhany kézettipus 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 hagyomanyos petrografiai
mikroszkdpot, sztereomikroszkdpot és magneses szuszceptibilitas
méréseket végeztiink, ill. a HP metaofiolit anyagi kdeszkozok
mindegyikérdl teljeskdzet kémiai elemzés késziilt PGAA-val a KFKI-
ban.

A vizsgalt leletek eredete

A referenciaként (tehat eredeti felszinén és vékonycsiszolatban is
megvizsgalt kdeszkdzok) Diosviszlorol (Baranya megye), Veszprém-
Kadartarol (Veszprém megye) és Balaton6szodrél (Somogy megye)
kertiltek eld. A leletek egy része asatasbol keriilt eld, mas része
szorvanylelet volt (Olah et al. 2012b, Olah et al. 2013, Péterdi 2011).

HP-LT metaofiolit anyagi kdeszkdzok sokdig nem voltak
ismertek Magyarorszag teriiletérdl, els6ként Friedel et al. 2008 és
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2011 emliti 6ket részletes vizsgalat nélkil. Kovetkezd lépésben
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 lel6helyr6l 11 darabnak ismert a régészeti kontextusa. Ezek
foként a Dunantulrél kertiltek el (1 tiszantali darab kivételével), és
tobbnyire a késé neolit Lengyel-kultirdhoz kotheték az egyediili
tiszantuli darab kivételével, amely a késé neolitikus Tisza-kultirahoz
kothetd (Bendo et al. 2014, 2018).

A dolgozat eredményei

A disszertacidban bemutatott eredeti felszin vizsgalati médszerrdl
bebizonyosodott, hogy nagyon hasznos lehet a régészeti leletek €s mas
mitargyak vizsgalata soran, kiilondsen azokban az esetekben, ahol
roncsolasos  vizsgalatra nem  keriilhet sor. A  bemutatott
esettanulmanyokbdl kideriilt, hogy a felszinrél kapott képi és
asvanykémiai adatok a legtobb esetben nagyon hasonlok a
vékonycsiszolatbol mért adatokkal. Vizsgalataink soran az is
nyilvanvalova valt, hogy a mddszer nem alkalmazhaté egyértelmii
sikerrel minden koézettipusnal. Ugyanakkor ezekben az esetekben is
kapunk olyan informacidkat (szovet, az eredeti felszinen megjelend
asvanyok kémidja, és a hianyz6 fazisok helye, a szovetben), melyek a
tobbi roncsolasmentes vizsgalati eljarashoz hasonldan jelentds tobblet
informéaciot tartalmaznak (Bendo et al. 2013).

A jo mindségi, csiszolt kdeszkozok készitésére alkalmas, magas
nyomasu-alacsony homérsékletli (HP-LT) metaofiolit kdzettipusok
(pl. Na-piroxenit/jade, eklogit) sokaig ismeretlenek voltak a magyar
leletek kozott, és ma is a ritkabb tipusok kdzé tartoznak.

Az els6 HP-LT metaofiolitbol késziilt jkdkori kdeszkozok
elékeriilése utan a nagy kdeszkozgylijtemények részletes petrologiai
vizsgélata soran viszonylag nagy szdmban keriiltek el6 ezek a leletek.
Jelenlegi ismereteink szerint Magyarorszagrol 25 HP metaofiolit
kéeszkoz ismert. A disszertdcidban bemutatott leletekkel a HP-LT
metaofiolit kdéeszkdzok bizonyitott elterjedési teriilete immar a
Dunantuli régiot, valamint a mai Szlovakia déli részét is lefedi (Bendd
et al. 2014, 2018).

A vizsgalatok soran hasznalt roncsolasmentes modszerek
eredményei alapjan a kdeszkozoket 8 kiilonbdzé csoportba tudtuk
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sorolni nyersanyaguk szerint D’Amico et al. 2003 alapjan: jadeitit,
kevert jadeitit, vas-kevert jadeitit, vas jadeitit, omfacitit- ¢&s
glaukofanpaldk, magnézium- és vas-eklogitok.

Adataink alapjan a Magyarorszagon fellelt HP-LT metaofiolit
kéeszkozok  valoszinlileg ugyanabbdl a nyersanyagforrasbol
szarmaznak, mint az olaszorszdgi HP metaofiolit kdéeszkdzok
(D’Amico and Starnini 2006), vagyis a nyersanyagforras a mai ENY
Olaszorszag teriiletén helyezkedett el. A témaval foglalkozo
szakirodalom szerint mind az elsddleges (Nyugati-Alpok a piemonti
Monviso kornyékén vagy a liguriai Voltri-masszivum), mind a
masodlagos el6fordulasok (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-siksagot a Karpat-
medencével 0sszekotd hosszu tavia kereskedelmi ttvonalak létezését
a Kr. e. V. évezredben.
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Other publications

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 already. A selection of these publications — articles only — is
listed below, year-by-year, about both topics, stone implements and
inlaid gemstones.
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(eds.) Macht des Goldes, Gold der Macht: Herrschafts- und
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Miihely X/1 pp. 83-92. 10 p.
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leletegyiittes eldzetes vizsgalati eredményei Didsviszlorol
(Preliminary results on a unique collection of axes and polished
stone tools from Diosviszl6) Archeometriai Mithely X/1pp. 67-
82., 16 p.
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