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Abstract

Nephrite is mainly known in prehistoric context as raw material for polished stone tools. It is present among
archaeological finds in Hungary only in a few numbers. They are known mostly from Transdanubian
archaeological sites.

The general aim of our investigations is the detailed petrographic and geochemical examination of the nephrite
artefacts found on Hungarian sites, and locating the origin of the raw materials. The material was basically
investigated by non-destructive methods (PGAA, non-destructive SEM-EDX) to avoid invasive analyses on the
complete artefacts. In this study, preliminary results are presented.

Based on their chemical composition, most of the artefacts measured so far belong to the S-type (serpentinite-
related) nephrite deposits.

On the basis of their microscopic and mineral-chemical features, the artefacts investigated so far can be divided
into five raw material types: (1) almost pure tremolite-nephrite with only a few fine grained magnetite or
ilmenite grains and some pseudomorphs after pyroxenes, (2) almost pure actinolite-nephrite with only a few very
fine grained magnetite or ilmenite grains; (3) almost pure tremolite-nephrite with a few chlorite and some
pseudomorphs after pyroxenes; (4) actinolite-nephrite, with chlorite, relict clinopyroxenes (diopside),
pseudomorphs after pyroxene, spinels and garnets. Magnetite, limonite, apatite and titanite also occur. There is
a typical association of chromite spinel and grossular garnet in this type; (5) actinolite-nephrite — sometimes
also tremolite - with chlorite, relict clinopyroxenes and spinel (chromite), but garnet is missing.

We have already built a database of the possible nephrite raw material sources of Europe - descriptions and
survey data: mineral-, textural- and chemical composition (Péterdi et al., 2014.).

On the basis of our investigations the most probable raw-material sources are the following: type (1) and (3)
belongs to Jordanow, Poland. The provenance of the other types is not so clear, but we have candidates from the
Swiss Alps. There is a nephrite type in Jordanow, that looks very similar to type (4), but the main amphibole type
is tremolite in all Jordanow samples, while actinolite in the type four artefacts.

Kivonat

Magyarorszagi régeszeti leletanyagban nefritet csak kis szamban ismeriink, foként csiszolt kdeszkozok
nyersanyagakeént és tobbnyire dunantuli lelohelyekral.
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Munkank célja a nefrit kdeszkozok ismertetése, részletes kézettani és geokémiai vizsgdlata; nyersanyaguk
szerinti csoportositisa, illetve a nyersanyagok szarmazasi helyére vonatkozo kévetkeztetések levonasa. A
kéeszkozok épségének megdrzése érdekeben csak roncsolasmentes vizsgalatokat alkalmaztunk (PGAA,
roncsolasmentes SEM-EDX). Cikkiinkben elozetes eredményeket kozliink.

Teljes kozet kémiai dsszetételiik alapjan a mar megvizsgalt nefrit koeszkézok nagy része S-tipusu
(szerpentinesedett utrabazisos kozetes-tipusu) nefrit-lelohelyekhez kotheto.

Eredményeink alapjan az eddig megvizsgalt kdeszkozok — nyersanyaguk mikroszkopos és asvanykémiai jellemzoi
alapjan — 6t csoportba sorolhatok: (1) szinte “tiszta” tremolit-nefrit, csak apro magnetit, ritkan ilmenit
szemcséket tartalmaz, valamint piroxén utdani pszeudomorfozakat; (2) szinte “tiszta” aktinolit-nefrit, csak apro
magnetit, ritkan ilmenit szemcséket tartalmaz; (3) szinte “tiszta” tremolit-nefrit, kevés klorittal és piroxén utani
pszeudomorfozaval;, (4) aktinolit-nefrit, klorittal, relikt klinopiroxénekkel (diopsziddal), piroxén utdni
pszeudomorfozdikkal, spinellekkel és granatokkal. Magnetit, limonit, apatit és titanit szintén megtaldalhato ebben
a tipusban. Nagyon jellegzetes képet mutat a spinellek (kromit) és grandtok (grosszuldr) egyiittes megjelenése.
(5) aktinolit-nefrit (néhany esetben tremolit is megtalalhato benne) klorittal, relikt klinopiroxénekkel és
spinellekkel (kromittal); a grandatok ebbdl a tipusbol hianyoznak.

Az eurdpai nefritleléhelyek nyersanyagtipusairol — irodalmi adatok és altalunk vizsgalt mintdk alapjan - altalunk
keészitett adatbazist (Péterdi et al. 2014) hasznaltuk a lehetséges nyersanyagforrasok azonositasahoz.

Az eddig megvizsgalt nefrit kbeszkozok makroszkopos megjelenése, asvanyos dsszetétele, szovete, valamint teljes
kozet kémiai Osszetétele alapjan a legvaloszintibb nyersanyag forrasteriiletek a kévetkezok:

Az (1) és (3) tipus nyersanyaganak forrasa Jordanow (Also-Szilézia, Lengyelorszag). A t6bbi tipus nyersanyag-
eredete még nem tisztdzott, de egyes svajci lelohelyek jellemzoi nagy hasonlosdgot mutatnak ezekkel a
tipusokkal. Az egyik jordanowi nefrit-tipus nagyon hasonlit a (4) tipusra, de a f6 kizetalkoto amfibol
Jordanowban a tremolit, mig a 4. tipusba tartozo régészeti leletek esetében aktonolit.

KEYWORDS: NEPHRITE, POLISHED STONE TOOL, PROVENANCE STUDIES
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Archaeological background, aim of the nephrite artefacts found at Hungarian sites, and
study locating the origin of the raw materials.

In this study preliminary results are presented
(nephrite artefacts of the Mihaldy Collection, and
artefacts with known locality, see Table 1.) further
we are planning to complete our data with the
results of the investigation of the artefacts of the
Ebenhoch Collection, and other archaeological
assemblages, too.

Methods

Due to the complete artefacts, the material of the
nephrite artefacts was basically investigated by non
destructive methods. On some broken pieces,
however, we could also perform destructive
analyses. The first method was always
macroscopical description. Results were completed
with petrographic microscopical and geochemical
analyses. For bulk-rock chemistry, Prompt-gamma
activation analysis (PGAA) was used; for mineral
chemistry  Electron  Probe  Micro-Analysis
performed in a Scanning Electron Miscroscope
(EPMA, SEM-EDX)] was applied. The results were

Nephrite is mainly known in prehistoric context as
raw material of polished stone tools. It is present
among archaeological finds in Hungary only in few
numbers. They are known mostly from
Transdanubian archaeological sites, primarily in the
material of old surface collections like the Mihaldy
Collection of Veszprém (Szakmany et al. 2001) and
the Ebenhdch Collection of the Hungarian National
Museum (Friedel 2008; Friedel et al. 2008; Friedel
et al. 2011) that were systematically investigated
from a petroarchaeological point of view.

The polished stone tools of these old collections
typically cannot be identified according to either
age or culture because of lack of information
concerning their provenances (Horvath 2001).
Recent surveys connected to modern excavations
and archaeometrical programs (e.g. JADE 2
project), however, yielded some nephrite artefacts
with known locality - and some cases with known
context - as well (Table 1., Fig. 1.).

We have to emphasize that we do not know any
nephrite sources in the Carpathian Basin, therefore
the raw material must have been transported from
distant source(s).

The general aim of our investigations is the detailed
petrographic and geochemical examination of the
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compared to published data (Péterdi et al. 2014).

PGAA measurements were performed at the HAS
Centre for Energy Research, at the PGAA and
NIPS-NORMA stations of the guided external cold
neutron beam of the Budapest Neutron Centre.
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Table 1.: Samples and analyses.

(Abbreviations: TLBC — Transdanubian Linear Pottery Culture; EH — Ebenhdch Collection; LDM — Laczkd
Dezs6 Museum, Veszprém; MH — Mihaldy Collection; HNM — Hungarian National Museum; PGAA - prompt-
gamma activation analysis; RRM — Rippl-Rénai Museum, Kaposvar; SEM-EDX - non-destructive SEM-EDX,
‘original surface investigation method’; SM — Savaria Museum, Szombathely)

1. tablazat: Mintak és vizsgalatok

(Roviditések: TLBC — Dunantuli Vonaldiszes Keramia kultira; EH — Ebenhdch gytijtemény; LDM — Laczkd
Dezs6 Muzeum, Veszprém; MH — Mihaldy Gytijtemény; HNM — Magyar Nemzeti Muzeum; PGAA - prompt-
gamma aktivaciés analizis; RRM — Rippl-Rénai Muzeum, Kaposvar; SEM-EDX — roncsoldsmentes
elektronmikroszkopos vizsgalat, ‘eredeti felszin’ vizsgalat; SM — Savaria Muzeum, Szombathely)

Sample Locality Culture ID / inventory PGAA SEM-
number EDX
Alattyan Alattyan, Vizkoz Tisza Culture private collection of + +
Gy. Kerékgyarto
(Jaszberény)
Balatondszod Balaton6szdd, Baden Culture I[IB- = B-991. pit (RRM, not + +
Temet6i-dild I inventorised)
Balatonszemes = Balatonszemes- Baden Culture or 18.3/696.1 (RRM) + +
Szemesi berek TLBC
Ikervar Ikervar, Péterfa major = Baden Culture 4.12.5/3, 217 ob;. + +
(SM)
Géree, Gérce, Nemeshegy uncertain (field 8.10.6/3 (SM) + +
Nemeshegy alja survey)
Gérce, Romai Gérce, Romai villa II. = uncertain (field Gy. 2004 (SM) + +
villa survey)
Lukéacshaza Lukécshaza unknown 4150 (RRM) + +
Orci Orci unknown 4004 (RRM)
Szombathely Szombathely, Baden Culture 70. godor (SM) + +
Tancsics M. u. 44.
MH 1006 unknown unknown 55.1006 (LDM) + -
MH 1010 unknown unknown 55.1010 (LDM) + -
MH 1097 unknown unknown 55.1097 (LDM) + +
MH 1109 unknown unknown 55.1109 (LDM) + -
MH 1144 unknown unknown 55.1144 (LDM) + +
MH 1145 unknown unknown 55.1145 (LDM) + -
MH 1149 unknown unknown 55.1149 (LDM) + +
MH 1152 unknown unknown 55.1152 (LDM) + +
MH 1203 unknown unknown 55.1203 (LDM) + +
MH 1275 unknown unknown 55.1275 (LDM) + -
EH 248 unknown unknown 300/876.248. (HNM) + -
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Fig. 1.: Studied artefacts and sites (abbreviations: 1. Lukacshaza; 2. Szombathely; 3. Ikervar; 4. Gérce; 5.
Balatonszemes; 6. Balaton6szod; 7. Orci; 8. Alattyan; Ebenhoch — Ebenhdch Collection, Hungarian National
Museum, Budapest; Mihaldy - Mihaldy Collection, Laczko Dezsé Museum, Veszprém)

1. abra: A vizsgalt régészeti leletek és lelohelyek (roviditések: 1. Lukacshaza; 2. Szombathely; 3. Ikervar; 4.
Gérce; 5. Balatonszemes; 6. Balatondszod; 7. Orci; 8. Alattyan; Ebenhéch — Ebenhéch Gytijtemény, Magyar

Nemzeti Mizeum; Mihaldy - Mihaldy Gytijtemény, Laczkd Dezsé Muzeum, Veszprém)

The thermal equivalent intensities at the target
positions are 7.75x10’cm™s™ and 2.75x10’cm™s™,
respectively. The PGAA station is suitable to study
objects that are not bigger than 5 cmx5 cmx10 cm,
while at NIPS-NORMA station one can investigate
objects up to 20 cmx20 ¢cm*20 cm. In case of the
second station, it is possible to perform 2D or 3D
imaging with neutrons besides the bulk elemental
investigations; moreover, elemental mapping of the
objects can be implemented, too.. The cross-section
of the neutron beam can be adjusted between 5 mm?®
an 400 mm’, and a selected part of the objects can
be studied (Kis et al., 2015). The neutrons can enter
into the material in more cm depth, thus PGAA is
regarded as bulk method. A precisely calibrated
HPGe-BGO  detector system and a 16k
multichannel analyser are used for detection of
prompt gamma photons. The experimental set-up
was described by Szentmiklosi et al. (2010).
Quantitative determination of chemical elements is
made on the bases of the PGAA library that has
been compiled during standardisation
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measurements (Révay, 2009). In case of most
geological samples, all major components and a
few trace elements (B, Cl, Sc, V, Cr, Nd, Sm and
Gd) can be quantified. PGAA is unique in the non-
destructive determination of H and B in low
concentrations.

Non-destructive mineral-chemical examination of
the surface of the artefacts (SEM-EDX) was
performed with the ‘original surface investigation
method’ (Bendd et al., 2012) at the Department of
Petrology and Geochemistry of the Institute of
Geography and Earth Sciences of the Eotvos
University (ELTE). The instrument is an AMRAY
1830 type SEM, with an EDAX PV9800 energy
dispersive spectrometer. Conditions of analyses:
accelerating potential: 20kV; beam current: 1nA;
focused electron beam (diameter: ~50 nm). Fairly
large samples can be placed into the sample
chamber of this electron microscope so the stone
implements could be placed into the sample
chamber without intrusive preparation.
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Fig. 2.: Bulk-rock chemistry (PGAA-results): studied artefacts. (Abbreviations: MH - Mihaldy Collection,
Laczkd Dezsé Museum, Veszprém; EH - Ebenhdoch Collection, Hungarian National Museum Museum,

Budapest)

2. abra: Teljes kozet kémiai Osszetétel (PGAA-eredmények): vizsgalt régészeti leletek. (Roviditések: MH -
Mihaldy Gytjtemény, Laczkdé Dezs6 Muzeum, Veszprém; EH - Ebenhoch Gylijtemény, Magyar Nemzeti

Muzeum)

Results - macroscopic features

The colour of the studied nephrite artefacts is
varied: white, shades of pale green to dark green.
The surface of the white ones - as an effect of the
weathering and burying - may become light or dark
grey, in some cases bluish gray coloured. On some
artefacts two or more basic colours can appear like
white-pale green, pale bluish green colours. In the
surface of every colour-variant reddish brown
patches can occur, but these patches are absent in
the interior parts (or on broken surfaces) of the
artefacts. The characteristic texture is based on
fibrous amphibols: these fibres are wavering and
making fan-shaped structures (‘nephrite-texture’).
(Fig. 1.)

Results - bulk rock chemistry (PGAA)

Nephrites can be classified into two groups
according to their formation: the first one is formed
by contact metasomatism between intermediate-
acidic intrusions and dolomitic marbles (dolomite-
related deposits, D-type), the other type is formed
by contact metasomatism between serpentinite and
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magmatic body (serpentinite-related deposits, S-
type) (Zhang et al 2011.).

There is a significant difference in the chemical
composition between the two types. The difference
can be best expressed with the Mg®"/(Mg?**+Fe*" ")
mol-ratio, witch varies between 0.930-1 in D-type
and varies between 0.860-0.930 in S-type nephrites
(Zhang et al 2011.). The marking of the boundary
between the two types, however, was probably
arbitrarily, because among the Chinese geological
samples there were no values observed between
0.920-0.950.

Most of the artefacts measured so far belong to the
S-type (Fig. 2.), only three belongs to the D-type
(but the values of these not exceed 0.950). It must
be pointed out that the geochemical boundary
between the two nephrite types is not so sharp:
because of the deviations of the non-destructive
methods, the samples with values close to the
boundary need individual consideration and
comparison with results of other methods of
investigations.
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HV: 20.0 kV DET: BSE
Satellite ®Tescan DATE: 01/24/14 200 um

HV: 20.0 kV DET: BSE
Satellite ©Tescan DATE: 03/07/14 200 um

Fig. 3.: A-B) BSE-photomicrograph: rock texture (type 1). (Abbreviations: trem - tremolite, lim - limonite)

3. abra: A-B) Visszaszort elektronkép foto: szoveti kép (1. tipus). (Roviditések: trem — tremolit, lim — limonit)

D
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HV: 20.0 kV DET: BSE HV: 20,0 kV DET: BSE
Satellite ©Tescan DATE: 02721114 500 um Satellite ©Tescan DATE: 02/21714 500 um

Fig. 4.: A) BSE-photomicrograph: rock texture (type 2). (Abbreviations: act — actinolite, lim — limonite)
B) BSE-photomicrograph: rock texture (type 3). (Abbreviations: trem — tremolite, chl — chlorite)

4. abra: A) Visszaszort elektronkép foto: (2. tipus). (Roviditések: act — aktinolit, lim — limonit)
B) Visszaszort elektronkép foto: szoveti kép (3. tipus). (Roviditések: trem — tremolit, chl — klorit)

Results - microscopic features (mineral-
compositon, fabric etc.), mineral-
chemistry (non-destructive SEM-EDX)

Some of the artefacts (see Table 1.) were
investigated with non-destructive SEM-EDX, with
the ‘original surface method’. Based on these data,
the artefacts investigated so far can be divided into
five types.

The first type is almost pure tremolite-nephrite with
only a few small magnetite, limonite or ilmenite
grains and some pseudomorphs after pyroxene (Fig.
3)).

The second type is almost pure actinolite-nephrite
with only a few minute magnetite, limonite or
ilmenite grains (Fig. 4A.).
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The third type is almost pure tremolite-nephrite
with a few chlorite and some pseudomorphs after
pyroxene (Fig. 4B.).

Type four is actinolite-nephrite, with chlorite, relict
clinopyroxenes (diopside), pseudomorphs after
pyroxene and relatively large enclosed minerals:
spinels and garnets (Fig. 5.). In relict diopsides
tremolite may occur as veins (Fig. 5A.). Magnetite,
limonite, apatite and titanite also occur. There is a
typical association of chromite spinel and grossular
garnet in this nephrite type (Fig. 5C-D.).

Beside the major mechanism of nephrite formation
(diopside recrystallization to tremolite / actinolite),
there is another mechanism: garnet retrogression
with chlorite and spinel as common products (Gil et
al. 2015). In this type the relict garnets are still
existing.
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HV: 20.0 kv DET: BSE HV: 20.0 KV !:—r: BSE
Satellite ©Tescan DATE: 02/17/14 500 um Satellite ©Tescan DATE: 02/21/14 200 um

HV: 20.0 kV DET: BSE HV: 20.0 kV DET: BSE

Satellite ©Tescan DATE: 02/21/14 500 um Satellite ©Tescan DATE: 02/17/14 500 um

Fig. 5.: A) BSE-photomicrograph: rock texture (type 4). (Abbreviations: trem — tremolite (chemical composition
on the boundary between tremolite/actinolite), di — diopside)

B) BSE-photomicrograph: rock texture (type 4). (Abbreviations: act — actinolite, pspx — pseudomorph after
pyroxene)

C) BSE-photomicrograph: rock texture (type 4). (Abbreviations: grs — garnet, chr — chromite, ap — apatite)
D) BSE-photomicrograph: rock texture (type 4). (Abbreviations: grs — garnet, chr — chromite, act — actinolite)
5. abra: A) Visszaszort elektronkép fotd: szdveti kép (4. tipus). (Roviditések: trem — tremolit (a

tremolit/aktinolit hataron elhelyezkedd 6sszetételll), di — diopszid)

B) Visszaszort elektronkép foto: szoveti kép (4. tipus). (Roviditések: act — aktinolit, pspx — piroxén utani
pszeudomorfoza)

C) Visszaszort elektronkép fotd: (4. tipus). (Roviditések: grs — granat, chr — kromit, ap — apatit)
D) Visszaszort elektronkép foto: szoveti kép (4. tipus). (Roviditések: grs — granat, chr — kromit, act — aktinolit)

Type five is actinolite-nephrite with chlorite, relict
clinopyroxenes and spinel (chromite). ; Tremolite
was also measured, but garnet is missing (Fig. 6.).

Possible source regions

Its pleasing aesthetic appearance and its toughness,
ensured by the compact fabric consisting of

In this type the relict garnets are missing, but spinel
with chlorite are typical.

The main amphibole type (tremolite or actinolite)
varies, even within one sample (Fig. 7.).
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interweaving and interlocking thin, fine amphibole
fibres, makes nephrite an excellent raw material for
polished stone tools, and so it became a widespread
raw material all over Europe in the Neolithic Period
and the Bronze Age.
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HV: 20,0 kV DET. BSE
Satellite ©Tescan DATE: 01/21/14 200 um Satellite ©Tescan DATE: 03/07/14 1 mm

kv

Fig. 6.: A) BSE-photomicrograph: rock texture (type 5). (Abbreviations: act — actinolite, chl — chlorite, mt —
magnetite)
B) BSE-photomicrograph: rock texture (type 5). (Abbreviations: chr — chromite, chl — chlorite)

6. abra: A) Visszaszort elektronkép foto: szoveti kép (5. tipus). (Roviditések: act — aktinolit, chl — klorit, mt —
magnetit)
B) Visszaszort elektronkép fotd: szoveti kép (5. tipus). (Roviditések: chr — kromit, chl — klorit)

1.0
TREMOLITE
o9
:.UJ
T [
%ﬂ ACTINOLITE
)
= W TYPE 1 (n=36)
0.8 T WTYPE 4 (n=7)
ATYPE 2 (n=3)
[ * TYPE 5 (n=6)
+ TYPE 3 (n=3)
0.7 T T Ll L
8.0 7.9 7.8 7.7 7.6 7.5

Siin formula

Fig. 7.: Main amphibol type (non-destructive SEM-EDX results): studied artefacts
(diagram modified after Leake et al. (1997))

7. abra: A 6 kdzetalkotod amfibol tipusa (roncsolasmentes SEM-EDX eredmények): régészeti leletek.
(Amfibol-besorolas Leake et al. 1997 alapjan.)

It was; however, not used (as raw material) in large nephrite in the course of time. For example, the
quantities because of the small size and limited labelling of amphibole-types has changed several
occurrence of the nephrite bodies. times so in earlier literature we are to look for

’grammatite’, even for ’hornblende’ and not

The identification of the provenance for nephrite . . L
necessarily for tremolite or actinolite.

artefacts is rendered more difficult because far too
many ’green-colour’ rocks have been named
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Geological occurrences of nephrite are fairly rare in
Europe. Known nephrite sources are the following:
the Alps (on the territory of Switzerland, Italy,
France, Germany and Austria), the Apennines
(Liguria), the Harz Mts. and Scandinavia; also in
the metamorphosed basic and ultrabasic complexes
of the boundaries of the Bohemian Massif. Nephrite
occurs among glacial erratics carried there by ice
from Scandinavia in periods of glaciation on the
Riigen-island, and in the environs of Potsdam and
Leipzig (Gunia 2000). (Fig. 8.)

The so-called Mur Nockerls” — nephrite-gravels,
nephrite-boulders originating from the alluvium of
the river Mur between Leoben and Graz — also
deserve mention. The Mur flows into the Drava so
it is nearer the Carpathian Basin than the other
known provenances. Along its upper course (before
it is breaking through the Glein Alm) several
serpentinized rock masses occur, but the parent
material of the nephrite-gravels is unknown as yet
(Giess, 2005). The *Mur Nockerls’ belong to the
tremolite-nephrites (Giess, 2005), but detailed
descriptions or analyses are not available.

Since a significant number of polished tools made
of nephrite have been found on the Balkan
Peninsula a raw material source for nephrite has

215

been suggested to be there by archaeologists.
However, the potential geological source have not
been found yet (Kostov, 2005).

Data available from two probable source areas
consist of descriptions and survey data and
concerns mineral-, textural- and chemical
composition. These two regions are the Swiss Alps
(canton Graubiinden / Grisons) and the Boundaries
of the Bohemian Massif. (Meyer 1884; Traube
1885a, 1885b, 1887; Heierli 1902; Sachs 1902;
Kalkowsky 1906; Welter 1911a, 1911b; Schneider
1912; Staub 1915, 1917; Schmidt 1917; Preiswerk
1926; Dietrich and de Quervain 1968; Gunia 2000;
D’Amico et al. 2003; Giess 2003, Gil 2013, Gil et
al. 2015)

Here we show only a few examples (Fig. 9-11.).
For the database and detailed descriptions see
Péterdi et al. 2014.

From Polish Lower Silesia we have also new
samples from Jordanéw and Zioty Stok, with
modern chemical analysis data (PGAA, EPMA and
non-destructive SEM-EDX) (Gil 2013; Péterdi et
al. 2014). Many types of nephrite can be found on
these localities.

S /

Google earth

Fig. 8.: Known nephrite raw-material sources in Europe (yellow sings - nephrite sources with detailed
descriptions and survey data; orange signs - nephrite sources without detailed data).

8. abra: Ismert nefrit nyersanyag-forrasok Eurdpaban (sarga jelzés — nefrit lel6helyek részletes leirasokkal és
elemzési adatokkal; narancs jelzés - nefrit lelohelyek részletes adatok nélkiil).
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dark green

microscopic fabric):

\ S
Main amphlbolt W A

Associated and magnetite (isolated)
enclosed minerals:

Dietrich and de Quervain 1968

QRN Ty

£l ||| 1 III AU EEUSURN NS EEN NN AN SN AN RN

Fig. 9.: Example from our ,,nephrite-database” (Péterdi et al. 2014): Cuolms
9. abra: Példa a ,,nefrit-adatbazisbol” (Péterdi et al. 2014): Cuolms

_mcﬂm—
A ' dark green
compact fabric / foliated
pscopic fab (parallely fibrous, very tough)

Geochemical data: +

Formation type: S

Associated and yellowish-green garnet,
enclosed minerals:  Fel[«e]di{els] le]q 7R
magnetite (isolated pathes)

1: dark green
2: light green, white

3: spring-onion green to pistachio green
1: foliated (parallely fibrous)

2: parallely fibrous (parallely fibrous)
534 3: extremely foliated with lamellar

< jointing
-\ Geochemical data: 2

} z S

Main amphibol type: F:\

T . 7 chlorite, magnetite, picotite, green garnet
2 inagpeische enclosed WLGEIEI R (epidote, calcite)

25 km Welter 1911; Dietrich and de Quervain

e 1968; Giess 2003

Fig. 10.: Example from our ,,nephrite-database” (Péterdi et al. 2014): Miihlen, Salux
10. abra: Példa a ,,nefrit-adatbazisbol” (Péterdi et al. 2014): Miihlen, Salux
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Jordanéw (Jordansmiihl in Schlesien

white, greenish-creamy, bright green (light
green) to dark green, greyish-blue, blue,
pink

+

s

T

Associated and 1: pure nephrite

enclosed minerals: 2: pseudomorphs after pyroxene
3: diopside, chlorite (common)

monacite, zircon

References:

2000; Mazur et al. 2006; Gil 2013

Fabric compact fabric or foliated or schistose
GG EL (B (typical non-directional, fibrous, parallely
fibrous)

4: grossular, hydrogrossular, prehnite,
antigorite, Cr-spinel, titanite, apatite,

Traube 1885a, 1885b; Sachs 1902; Gunia

Fig. 11.: Example from our ,,nephrite-database” (Péterdi et al. 2014): Jordanow
11. abra: Példa a ,,nefrit-adatbazisbol” (Péterdi et al. 2014): Jordanow

Evaluation of the results, and the most
probable sources

Fig. 12. shows the bulk rock chemical data of the
measured artefacts and the possible raw-material
sources. We used data of analyses from the
literature and from our new investigations.

Fig. 13. shows the main amphibole types of
Jordanéw and Zloty Stok samples together with the
artefacts.

On the basis of macroscopic appearance, mineral
composition, fabric character and bulk chemical
composition the most probable raw-material
sources of the so far investigated artefacts are the
following:

Type one and three belongs to Jordanoéw. The
provenance of the other types are not so clear, but
we have candidates from the Swiss Alps. (Table 2.,
Fig. 14.) Unfortunately about the source nearest to
the Carpathian Basin i.e., the "Mur Nockerls’, there
are no detailed descriptions or analyses available.

There is a nephrite type in Jordandéw, that looks
very similar to type four (for example the chromite-

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)

grossular association), but the main amphibole type
is tremolite in all Jordanow samples, while
actinolite in the type four artefacts.

For green nephrite-types of Jordanéw, however, the
green colour can be associated with not only the
small amount of chlorite in them, but also due to
the presence of actinolite, occurring in small veins
(Gil et al. 2015). So it is probable that the raw
material of this type (type four) also belongs to
Jordanow.

It must be pointed out that stone axes made of
Jordanow nephrite were found about 15 km north of
Jordanow (Neolithic); in the central part of Poland
(Danubian culture); and also in Upper Silesia
(Funnel Beaker culture, Corded Ware -culture)
(Foltyn et al., 2000; Gunia, 2000) and probably
from a Late Neolithic Silezian site (Pfichystal et al.,
2012). We know cultural connections between this
nephrite source and the Carpathian Basin in the
Late Copper Age (Baden Culture) (Pfichystal
2000).
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64.00 66.00 68,00

Fig. 12.:

Bulk-rock chemistry
(PGAA-results):
studied artefacts;

nephrite raw-material
sources (PGAA-results
and data from
literature, references in
the text).

12. abra:

Teljes kozet kémiai
Osszetétel (PGAA-
eredmények): vizsgalt
régészeti leletek,
nefrit-
nyersanyagforrasok
(irodalmi adatok és
sajat PGAA-mérések,
hivatkozasokat 1d. a
szovegben).



Archeometriai Mithely 2014/X1./4. 219

TREMOLITE

. ACTINOLITE

®m TYPE 1 (n=36)

B TYPE 4 (n=7)
ATYPE 2 (n=3)

« TYPE 5 (n=6)

+ TYPE 3 (n=3)

® Jordandw (n=10)

A Ztoty Stok (n=11)
0.7 T T Ll L]

8.0 79 7.8 7.7 7.6 7.5
Siin formula

Mg/(Mg+Fe™)

Fig. 13.: Main amphibol type: studied artefacts (non-destructive SEM-EDX results); nephrite raw-material
sources (destructive and non-destructive SEM-EDX results, references in the text). (Diagram modified after
Leake et al. (1997))

13. abra: A 6 kézetalkotd amfibol tipusa: régészeti leletek (roncsolasmentes SEM-EDX eredmények); nefrit-
nyersanyagforrasok (roncsolasos €s roncsolasmentes SEM-EDX eredmények, hivatkozasokat 1d. a szovegben).
(Amfibol-besorolas Leake et al. 1997 alapjan.)

Jordanow

ol

Googleearth
C

Fig. 14.: Most probable raw-material sources (preliminary results).

14. abra: Legval6sziniibb nyersanyagforrasok (eldzetes eredmények).
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Table 2.: Probable raw-material source-regions

2. tablazat: A nyersanyagtipusok valoszinii
szarmazasi helye

Type Probable source

type 1: ,,pure” tremolite Jordanéw (Jordansmiihl in
+ minor magnetite, limonite, Schlesien)

+ ilmenite (Lower Silesia, Poland)

+ pseudomorphs after

pyroxene

type 2: ,,pure” actinolite Cuolms?

+ minor magnetite, limonite, (Oberhalbstein (Alpi di Platta),
+ ilmenite Switzerland)

type 3: tremolite + minor Jordanéw (Jordansmiihl in
chlorite Schlesien)

+ pseudomorphs after (Lower Silesia, Poland)

pyroxene

type 4: actinolite + chlorite, Val da Faller (Faller valley):
relict clinopyroxenes Miihlen (Mulegns),
(diopside), Forschella-peak,
pseudomorphs after pyroxene, = (Oberhalbstein (Alpi di Platta),
spinel (chromite), garnet Switzerland)
(relict grossular) Salux?
+ minor magnetite, ilmenite, (Oberhalbstein (Alpi di Platta),
+ apatite, = titanite Switzerland)
Jordanow??? (Jordansmiihl in
Schlesien)
(Lower Silesia, Poland)

type S: actinolit and tremolite =~ ???

+ chlorite, (Crap Farreras?)

relict clinopyroxenes, spinel (Oberhalbstein (Alpi di Platta),
(chromite) Switzerland)

+ minor magnetite

garnet is absent

Moreover, it has been proved that serpentinites
containing nephrite-bodies from this area were used
to make stone-axes in the Neolithic Age
(Majerowicz et al., 2000; Skoczylas et al., 2000).
The territory’s  serpentinite =~ was  quarried
(Wojciechowski, 1995) and polished stone tools
made of them got fairly far away (even to 340 kms)
(Prichystal and Sebela, 1992.; Skoczylas et al.,
2000). In the time of the Corded Ware culture, there
was a centre for extracting and processing
serpentinite on the territory; its most important
products were the so-called ’Slgza-type’ shaft-hole
axes (Skoczylas et al., 2000).
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