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UTILIZATION OF SOME NON-FLINT LITHIC RAW MATERIALS IN
THE PALAEOLITHIC IN THE CSERHAT MOUNTAINS AND THE
GALGAVALLEY (NORTHERN HUNGARY)®

NEHANY NEM-LIMNIKUS KOVAKOZET EREDETU NYERSANYAG
FELHASZNALASA A CSERHAT ES A GALGA-VOLGY PALEOLITIKUMABAN

PENTEK, Attila

! independent researcher, Kistarcsa

E-mail: attila.pentek@yahoo.com

“Don’t try to understand!
1t’s enough if you do not misunderstand.”

— Nisargadatta Maharaj

Abstract

The systematic field surveys in the area of the Cserhdt Mountains and the Galga Valley had begun after the
excavations of the year 1992. The primary target was to localize new Palaeolithic sites; the secondary one was
to find new possible raw material sources. The first results regarding the raw material sources were published in
a paper dealing with the utilization of nummulitic chert in the Middle Palaeolithic (Marké & Kdazmér 2004). This
paper was followed by a detailed review of Andras Marko in the Hungarian language on the limnic quartzite
occurrences in the Cserhdt Mountains (Marké 2005). In the last one and a half-decade, primarily from point of
some non-flint raw materials, such as andesite, nummulitic chert, petrified wood, quartzite and siliceous pebble,
several new results have been achieved.

In the following summary, besides the geological occurrences, the archaeological utilization of these raw
materials will be discussed as well. The results cannot be regarded as complete, neither concerning Nograd
County, nor Pest County. Implicitly the field surveys could not have been extended those parts of the Cserhdt
Mountains, which are either wooded or agriculturally not cultivated. The approximate size of the studied area is
1,200 km2,

Kivonat

A szisztematikus terepkutatdsok a Cserhdt és a Galga-volgy teriiletén az 1992. évi dsatasok utan kezdddtek el.
Ezek elsédleges célja wj paleolit leléhelyek lokalizaldsa volt, masodlagos céljuk pedig uj nyersanyagforrdasok
felkutatasa. A nyersanyagforrasok kutatasaval kapcsolatos elsé eredmények a nummuliteszes kovakavics kézépsé
paleolitikumban valo eléforduldasaval foglalkozo angol nyelvii cikkben keriiltek ismertetésre (Marko & Kdazmér
2004). Ezt kovette Marké Andrds magyar nyelvii részletes ismertetése a Cserhdt hegység teriiletén taldlhaté
hidrotermadlis és limnikus eredetii nyersanyag elfordulasokrol (Marké 2005). Az elmult mdsfél évtized sordn
elsésorban a nem hidrotermalis vagy limnikus eredetii nyersanyagok, andezit, kovakavics, kvarcit, megkéviilt fa
és nummuliteszes kovakavics terén szamos uj eredmeény sziiletett.

Az alabbi rovid ésszefoglalasban ezeknek a nyersanyagoknak a geologiai eléfordulasa mellett a régészeti
felhasznalasat is targyaljuk. Az eredmények sem Nograd megye, sem Pest megye tekinteteben nem tekinthetoek
teljesnek. Ertelemszeriien a terepkutatisok nem terjedhettek ki a Cserhat erdével boritott vagy miiveletlen
teriiletére. A vizsgalt teriilet hozzdvetbleges nagysdaga 1200 km?.

KEYWORDS: NON-FLINT RAW MATERIALS, QUARTZITE, PALAEOLITHIC, RAW-MATERIAL UTILIZATION

KULCSSZAVAK: NEM-LIMNIKUS KOVA EREDETU NYERSANYAGOK, KVARCIT, PALEOLITIKUM, NYERSANYAG-
FELHASZNALAS
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doi: 10.55023/issn.1786-271X.2021-001

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


https://doi.org/10.55023/issn.1786-271X.2021-001

Archeometriai Mithely 2021/XVIIL./1.

Introduction

In 1990 and 1992 short excavations were carried
out at Piispdkhatvan—Diés and Piispokhatvan
—Oregsz6l6k Palaeolithic sites (Cs. Balogh &
Dobosi 1995). On the base of “C measurements,
the date of the latter site is 27.700 + 300 BP (Deb-
1901). This date places the site in the elder phylum
of the Gravettian entity (Cs. Balogh & Dobosi
1995). It corresponds to the previously assumed
cultural assignment, based on the typological
characteristics of the lithic assemblage. In the
course of the excavations, in the surroundings,
limnic quartzite banks were found, which served as
raw material for the atelier sites. These very first
authentic and well-documented excavations in the
Cserhat Mountains gave the initial impulse of the
Palaeolithic research that was realized in systematic
field surveys, inclusive the prospecting after
flakeable lithic raw materials. It was the first
attempt in Hungary at all, to systematically localize
and document lithic raw material sources in the
Cserhat Mountains. The prospecting was facilitated
through the fact that there were several geological
studies available, published mostly before the
Second World War (e.g. Noszky 1914, 1916, 1923,
1936, 1940; Peja 1937, Pavai-Vajna 1939-1940;
Horusitzky 1942; Bogsch 1943; Szentes 1943; Lang
1967; Héamor 1985), dealing with the Cserhat
Mountains.

During the prospection, from the beginning, a
special focus was given to the gravel beds, as a
possible geological source of various non-flint raw
materials. After a very short period of field surveys,
it was obvious that besides some non-local
(regional or long-distance) raw materials, and the
locally available limnic silicite, the presence of
local non-flint artefacts was evidenced as well,
practically at all localized Palaeolithic sites. The
amount of the non-flint artefacts was strikingly high
at some Palaeolithic sites, besides the waste
products and cores; the lithic assemblages
contained also tools. This fact was relatively
unknown in the Hungarian Palaeolithic, until then,
the presence and significance of non-lithic raw
materials were ignored or underestimated. A
possible explanation of this negligence may have
been the lack of the mechanical and physical
properties of these raw materials and the low
morphological standardization of the products made
of them. Ignacio Clemente Conte and Juan F.
Gibaja Bao (2009), in their paper on the formation
of use-wear traces in non-flint rocks, made a very
essential statement concerning the “usability” of
non-flint artefacts: “... with regard to the raw
material, the edges of the implements made from
obsidian, rock crystal (hyaline quartz) or fine-
grained flint usually show many scars. In contrast,
the deficient conchoidal fracture of less

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

homogeneous and coarser-grained rocks such as
quartzite or rhyolite results in reduced scar
development, because the quartz crystals joined to
the matrix gradually detach themselves, generating
a quick edge-rounding and dulling of the edge,
making it ineffective after a few minutes of use. ...
This results in the presence of implements with
relatively undeveloped wear traces, which in many
cases do not display sufficient diagnostic criteria
for a determination of the worked material.” (ibid.,
95).

The above statement can be supplemented by the
fact that even the tools themselves made from non-
flint raw materials are not always recognizable.

In the following, the geological background and the
non-flint lithic raw material occurrences in the
Cserhat Mountains will be reviewed. Thereafter a
summarizing of the utilization of those raw
materials will be given. Among the several dozens
of archaeological sites where this utilization was
recorded, only the most striking archaeological data
will be mentioned in detail.

Geological backgrounds. Gravel banks
and andesite ouzcrops in the Cserhdt
Mountains

The genetics of the gravely sediments in the
discussed area is not well known in geological and
geographical research. In the literature, there are
only indicative hints on the gravel banks that can be
found in the region (Noszky 1914, 1916, 1936,
1940; Peja 1937; Pavai-Vajna 1939-1940; Lang
1967; Hamor 1985). The issue was discussed
mainly from a geological point of view on a
macroregional level. However, in the case of the
non-flint raw materials occurring in lithic
assemblages, the geological age of the raw material
source is of no interest. During the field surveys, to
localize possible raw material sources, our starting-
point was the assumption that the raw material
sources of those non-flint raw materials should be
looked for in the vicinity of the Palaeolithic sites.
As regards the potential lithic raw materials suitable
for tool manufacturing, the gravel banks of different
geological ages are very rich in various rocks.
Besides the raw material shatters of limnic origin,
jasper and radiolarite, several non-flint raw
materials, suitable for lithic tool manufacturing, can
be found.

In Fig.1., gravel banks, andesite outcrops,
nummulitic chert and post-volcanic limnic silicite
occurrences and archaeological sites localized
during field surveys by the author of this paper can
be seen. The list of gravel banks (N-1-N-107, P-
1-P-26) and the two andesite outcrops is given in
Table 1.
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Fig. 1.: Gravel banks, andesite outcrops, nummulitic chert and post-volcanic limnic silicite occurrences and archaeological
sites localized during field surveys by the author. White circles indicate gravel banks, green circles are known andesite
occurrences (mentioned by Noszky 1914; Szentes 1943; Judik et al. 2001, 121; T. Bird 1992; localized and verified by the
author), grey circles are nummulitic chert outcrops and blue circles are the post-volcanic limnic silicite outcrops.

1. dbra: A szerzé terepbejarasai soran lokalizalt kavicstakarok, andezit kibuvasok, nummuliteszes kova és utévulkani eredetii
nyersanyag eléfordulasok és régészeti leléhelyek. A fehér kordk kavicstakardk, a zold kordk az ismert andezit eléfordulasok
(emlitik Noszky 1914; Szentes 1943; Judik et al. 2001, 121; T. Bir6 1992, a szerzd altal azonositva), a sziirke korok a
nummuliteszes kovakavics el6fordulasokat, a kék korok pedig az utovulkani eredetii nyersanyagok eldfordulasait jelolik.

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)
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Table 1.: List of the localized geological raw material sources in the study area (N-1-N-107=Noégrad County; P-
1-P-26=Pest County)

1. tablazat: A vizsgalt teriileten lokalizalt geologiai nyersanyagforrasok (N-1-N-107=Noégrad-megye; P-1-P-
26=Pest-megye)

Id
N-1
N-2
N-3
N-4
N-5
N-6
N-7
N-8
N-9
N-10
N-11
N-12
N-13
N-14
N-15
N-16
N-17
N-18
N-19
N-20
N-21
N-22
N-23
N-24
N-25
N-26
N-27
N-28
N-29
N-30
N-31
N-32
N-33
N-34
N-35
N-36
N-37
N-38

Settlement
Alsétold
Becske
Becske
Becske
Becse
Becske
Becske

Becske

Bercel

Bercel

Bercel

Bercel

Bercel

Bercel

Bercel

Bercel

Bercel

Bokor

Bokor

Bokor

Bujak

Bujak

Bujak

Bujak
Cserhathalap
Cserhatsurany
Cserhatsurany
Cserhatsurany
Cserhatsurany
Cserhatsurany
Cserhatsurany
Cserhatszentivan

Cserhatszentivan

Name

Nagy-Mez6-hegy

Eresztvény
Kasa-arka
Kasa-arka NW
Vaci-volgy
Biidos-to-hegy
Biidos-to-hegy
Biidos-to-hegy
Egresi-diils
Egresi-diilé
Egresi-diils
Oreg-hegy
Oreg-hegy
erdében vége
erdében vége
erdében vége
erdében vége
Mogyoros alja
Pinurka

Pinurka

Szép-hegy DK-i laba

Bokori-foldek
Bokori-foldek

Temet6 feletti diilé

Kortefa-tabla
Rozsas-tetd

Rozsas-tetd

Tornyos-hegy
Csipkés torok
Kaponka
Szilvagyi-volgy

Szdkoltvany

Bokori atnal

Kutasoi-oldal

EOV_Y
691867,49
673795,00
672241,29
672098,03
672865,77
671955,21
672024,87
671699,47
683678,98
683402,95
683714,05
678396,60
685399,80
674986,00
674885,00
674949,00
674992,00
678503,64
675445,00
675753,00
679919,52
680215,86
687640,88
687659,43
687101,34
687607,77
687935,19
687963,41
686965,08
675432,36
679413,99
678766,42
679152,52
677392,58
677622,30
677231,70
688996,14
688832,61
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EOV_X
288840,66
285602,00
286518,24
286810,86
287315,10
285861,55
286032,21
286360,43
27911471
279275,39
27940517
283352,12
279423,20
282733,00
283441,00
283112,00
282206,00
279244,84
284602,00
284722,00
282158,76
282696,89
286764,61
287208,34
287610,29
279616,03
279513,12
280006,24
282716,69
294360,20
293647,24
293681,30
29446735
294757,70
295398,45
295176,09
28778742
289075,75

WGS84 Lat
47,94187
47,91365
47,92195
47,92458
47,92909
47,91605
47,91758
47,92055
47,85487
47,85633
47,85748
47,89323
47,85756
47,88780
47,89418
47,89121
47,88307
47,85629
47,90460
47,90566
47,88243
47,88726
47,92345
47,92744
47,93109
47,85917
47,85822
47,86265
47,88709
47,99235
47,98577
47,98611
47,99316
47,99585
48,00160
47,99962
47,93257
47,94417

WGS84 Lon
19,60783
19,36576
19,34502
19,34312
19,35342
19,34116
19,34210
19,33777
19,49749
19,49381
19,49798
19,42717
19,52050
19,38153
19,38022
19,38106
19,38158
19,42834
19,38778
19,39190
19,44746
19,45146
19,55108
19,55137
19,54394
19,55003
19,55439
19,55481
19,54170
19,38818
19,44147
19,43280
19,43802
19,41446
19,41758
19,41233
19,56931
19,56723
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Table 1. cont.

1. tablazat folyt.

Id

N-39
N-40
N-41
N-42
N-43
N-44
N-45
N-46
N-47
N-48
N-49
N-50
N-51
N-52
N-53
N-54
N-55
N-56
N-57
N-58
N-59
N-60
N-61
N-62
N-63
N-64
N-65
N-66
N-67
N-68
N-69
N-70
N-71
N-72
N-73
N-74
N-75
N-76

Settlement
Cserhatszentivan
Cserhatszentivan
Debercsény
Erdokiirt
Erdokiirt
Erdokiirt
Galgaguta
Galgaguta
Herencsény
Legénd
Magyarnandor
Nézsa

Nézsa

Nézsa

Nézsa
Nogradkovesd
Nogradkovesd
Nogradkovesd
Nogradmarcal
Nogradsap
Nogradsap
Szanda
Szanda
Szécsénke
Szécsénke
Szécsénke
Szécsénke
Szécsénke
Szécsénke
Szécsénke
Szécsénke
Szécsénke
Szirak

Szirak

Szirak
Vanyarc
Vanyarc

Vanyarc

Name

Szallaska
Szuha-patak volgye
Mogyoroés
Kavicsos-tetd

Szedmina

Gutai-hegy alatt OP
Gutai-hegy alatt
Padok alatt

Hosszu f6ldek

Kis-Kelecsény folott

Belegradi-erdd folott
Parlag-diilé
Verébi

Horvath-puszta

Ivéntag-puszta

Peres

Patkanyos-puszta
Berecz-oldal
Berecz-oldal
Gyalogvar
Kis-Ferenc-hegy
Kis-Ferenc-hegy
Visak

Balogi-tabla
Sziraki-tetd
Sziraki-tetd
Hajnal-volgy
Hajnal-volgy
Hruskar-hegy

EOV_Y
688644,27
688607,44
668506,78
679756,54
681026,88
681595,25
677565,30
677509,26
682440,84
669479,58
671592,00
667677,00
667641,67
670166,00
670484,62
672468,00
672520,00
672590,00
675902,60
670684,57
671039,26
679291,85
678037,00
671228,00
670956,00
672108,22
671921,00
672103,87
670743,00
671745,99
671826,04
670940,00
683366,03
688252,00
688172,00
679326,03
679096,70
681354,62
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EOV_X
289495,94
288630,40
292934,65
272197,58
269158,74
272008,87
276725,25
276686,07
290493,34
280266,79
288559,00
280400,00
278342,14
277405,00
27713048
281030,00
281230,00
280710,00
298888,76
278342,82
277991,98
285396,87
283679,00
283467,00
283711,00
284897,04
282980,00
282814,68
285432,00
286085,78
285211,23
284662,00
275341,92
275756,00
275985,00
273949,68
274188,87
275899,31

WGS84 Lat
47,94796
47,94018
47,97977
47,79285
47,76546
47,79107
47,83367
47,83332
47,95727
47,86581
47,94032
47,86706
47,84856
47,84005
47,83758
47,87258
47,87438
47,86970
48,03306
47,84847
47,84531
47,91158
47,89619
47,89454
47,89674
47,90737
47,89014
47,88864
47,91223
47,91807
47,91021
47,90530
47,82096
47,82441
47,82648
47,80863
47,81079
47,82607

WGS84 Lon
19,56475
19,56418
19,29533
19,44460
19,46134
19,46913
19,41564
19,41489
19,48178
19,30780
19,33644
19,28371
19,28315
19,31684
19,32108
19,34778
19,34848
19,34939
19,39475
19,32381
19,32853
19,43928
19,42239
19,33132
19,32769
19,34316
19,34056
19,34300
19,32493
19,33838
19,33940
19,32752
19,49302
19,55830
19,55725
19,43897
19,43593
19,46620
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Table 1. cont.

1. tablazat folyt.

Id
N-77
N-78
N-79
N-80
N-81
N-82
N-83
N-84
N-85
N-86
N-87
N-88
N-89
N-90
N-91
N-92
N-93
N-94
N-95
N-96
N-97
N-98
N-99
N-100
N-101
N-102
N-103
N-104
N-105
N-106
N-107
P-1
p-2
P-3

Settlement

Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Vanyarc
Acsa

Acsa

Acsa

Acsa

Acsa

Acsa

Name

Kertek mogotti
Kopanyice
Makoi-erdd
Makoi-erdd
Makoi-erdd
Makoi-erdd
Makoi-erdd
Makoi-erdd
Makoi-erdd
Makoi-oldal #3
Makoi-oldal #4
Makoi-oldal #1
Makoi-oldal #2
Roka-var
Saj-volgy #20
Saj-volgy #21
Saj-volgy #22
Svab-hegy
Makoi-erdd

Hribik-hegy
Rovnya

Rovnya

EOV_Y
680620,27
681143,90
680039,72
680027,66
680443,96
680290,99
680106,57
680242,37
679859,42
681332,88
681196,40
681046,00
680788,00
680105,25
680876,62
680875,27
681041,38
682846,30
679932,40
679925,75
679909,40
681529,37
679860,86
679746,74
683424,35
681086,92
680926,32
681396,57
683290,76
681165,97
681303,79
679161,86
678466,00
678402,00
677343,00
677101,00
677119,00

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

EOV_X
276817,67
27733873
27467584
274704,68
273729,60
274066,70
274732,88
274176,88
275051,41
273393,65
273215,91
273369,00
273479,00
274487,33
273088,20
272885,11
272541,22
274561,21
27490531
27490742
274942,92
272191,32
274399,18
274244.26
27637327
278763,74
278653,19
276787,99
276508,32
27912774
279405,64
273730,94
274250,00
273697,00
272061,00
271881,00
271756,00

WGS84 Lat
47,83436
47,83903
47,81513
47,81539
47,80660
47,80964
47,81564
47,81063
47,81851
47,80354
47,80194
47,80333
47,80433
47,81343
47,80081
47,79898
47,79588
47,81396
47,81720
47,81722
47,81754
47,79271
47,81265
47,81126
47,83023
47,85184
47,85086
47,83406
47,83145
47,85511
47,85761
47,80667
47,81137
47,80640
47,79173
47,79012
47,78900

WGS84 Lon
19,45645
19,46348
19,44855
19,44839
19,45388
19,45187
19,44945
19,45122
19,44617
19,46573
19,46389
19,46190
19,45846
19,44941
19,45962
19,45958
19,46178
19,48602
19,44713
19,44705
19,44683
19,46826
19,44615
19,44461
19,49387
19,46282
19,46067
19,46682
19,49210
19,46391
19,46577
19,43677
19,42751
19,42662
19,41238
19,40914
19,40937
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Table 1. cont.

1. tablazat folyt.

Id Settlement Name

P-7 Acsa Kopanyica

P-8 Acsa Csibaj

P-9 Csovar

P-10 Csévar Pazsit-rét

P-11 Csévar

P-12 Csovar

P-13 Csévar

P-14 Galgagyork Majoka-mellett 1.
P-15 Galgagyork Komarka f616tt
P-16 Galgagyork Megyerke-patak
pP-17 Piispokszilagy

P-18 Csovar Arany-hegy
P-19 Csovar Mocsolyak
P-20 Csovar Mocsolyak
p-21 Csévar

p-22 Csovar

P-23 Piispokhatvan

P-24 Csovar Arany-hegy
P-25 Galgagyork Cseres

P-26 Plspokszilagy Mulato-oldal

EOV_Y EOV_X WGS84 Lat WGS84 Lon

676515,00 | 269856,00 47,77193 19,40120
673564,00 | 273134,00 47,80153 19,36200
671696,00 | 272753,00 47,79817 19,33705
670136,00 | 275516,00 47,82307 19,31635
669831,00 | 275941,00 47,82690 19,31230
670228,00 | 276163,00 47,82888 19,31761
671035,00 | 275219,00 47,82037 19,32834
675501,00 | 268244,00 47,75747 19,38758
675684,00 | 266552,00 47,74225 19,38992
676746,63 | 266064,77 47,73783 19,40406
671686,48 | 264936,38 47,72786 19,33654
670074,12 | 273233,52 47,80254 19,31542
671045,36 | 272613,45 47,79693 19,32836
670823,21 | 272468,33 47,79563 19,32538
670770,88 | 273514,92 47,80505 19,32474
671386,59 | 274611,83 47,81489 19,33301
674416,51 | 268471,59 47,75956 19,37312
670095,62 | 272918,81 47,79971 19,31569
673426,29 | 265686,12 47,73455 19,35977
670896,76 | 266251,75 47,73972 19,32607

Below, only the following non-flint raw materials
will be discussed: andesite, petrified wood,
quartzite, siliceous pebble and nummulitic chert.
Instead of giving an accurate petrologic or
petrographic description of these discussed raw
materials, we settle for relatively popular, easily
understandable but accurate enough definitions.
However, we try to describe briefly the physical
properties of the raw materials for flakeability.

Andesite

Andesite is an intermediate type of volcanic rock
between basalt and dacite. Andesite lavas usually
have porphyritic, or vitrophyric (having large
phenocrysts in a glassy groundmass) textures (Le
Bas et al. 1986; Le Bas & Streckeisen 1991; Le
Maitre et al. 2002). The porphyritic nature means
that these andesites will not fracture as evenly as a
finer-grained variant.

In general, the raw materials for flaked stone tools
must fracture conchoidally. Moreover, they should
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be elastic, but brittle, and homogeneous both in
crystalline structure (amorphous or noncrystalline,
and cryptocrystalline or microcrystalline, extremely
fine-grained structure) and in lacking cracks,
inclusions or other flaws. The crystalline structure
is the most important factor in determining the
knapping quality of a given raw material. The
toughest and least amorphous raw materials like
volcanic rocks are hard to work, and the fracture
surfaces are usually rough, with a grainy or sugary
texture. The slower the volcanic rocks cooled, the
more different minerals sorted out into crystalline
formations. For this reason, the flaking qualities are
variable, ranging from fairly homogeneous, to
coarsely grained, to completely unflakeable. Some
volcanic rocks variants, in particular, are often
porous or vesicular, that is, being pitted with many
cavities at its surface and inside (after Whittaker
1994, 66, 69).

Ferenc Szentes (1943), in a geological sketchy map,
represented several andesite outcrops in the Cserhat
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Mountains, but in the discussed area, for the time
being, there are only two definite occurrences of a
fine-grained variant of andesite. It has a dark
greyish-black colour, covered by a light grey
weathering layer, and has relatively good knapping
properties. The first geological occurrences are east
of the settlement Galgagyork in the Galga valley, in
the quarries of the Megyerke Valley (Szentes 1943,
8). The raw material of some polished stone axes
from Asz6d—Papi lands (Lengyel culture) described
as basaltic andesite (fine-grained andesite, type b),
was regarded as local, and likely origins from those
quarries (Judik et al. 2001, 121; T. Bir6 1992). The
second source is in the vicinity of the settlement
Alsotold at the south-eastern foot of the heavily
eroded Nagy—Mez4-hill (Noszky 1914, 314-317).
The latter occurrence was verified in the course of
field surveys as well, but no petrographic analysis
was made.

Petrified wood

Petrified wood (synonyms are fossil wood,
silicified wood), in general, is formed by two types
of wood silicification mechanisms. The process of
replacement means the precipitation of minerals in
spaces formerly occupied by organic matter.
Contrarily, during the permineralization, cell
materials remain at least partially intact and open
spaces will be filled with mineral. The two
processes are not independent, they commonly
occur concurrently (Mustoe 2008, 2017, 2018). The
resulting rock versions have different physical
behaviour, which depends mainly on the minerals
involved in the fossilization. From the
archaeological applicability, that is the flakeability
point of view, the best suitable fossil woods are
those that are mineralized with polymorphs of
silica, opal, chalcedony and quartz. Siliceous
petrifactions (synonym is petrification) generally
contain more than ninety per cent, by weight, of
silica (Leo & Barghoorn 1976; Scurfield & Segnit
1984; Mustoe 2008; Viney 2016). The relatively
homogeneous structure of the silica-rich fossil
woods could ensure optimal workability. As noted
by John C. Whittaker (1994, 71) “Some petrified
woods are composed of silica and will flake, but
often tend to have odd angular fracture patterns”.
According to Richard F. Leo and Elso B.
Barghoorn (1976), many mineralized blocks of
wood have a preferential tendency toward radial
longitudinal fracture. It can be attributed partly to
the factor of uneven distribution of silica through
the specimen, with a pattern of discontinuities
predetermined by the original wood structure.

N. R. Ramesh (1986) analyzed and described a
lithic assemblage from the surroundings of
Agartala, the capital of the Indian state of Tripura.
He noted the following: “It is noticed that majority
of the flaked, from all the heavy tools like celts,
bifacial tools and big scrapers, are removed either
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across or oblique to the fabric and not parallel to
it, possibly for controlling the size of flakes.
Controlled flaking is extremely difficult in petrified
woods, except along an axis transverse to the
growth rings. Consequently, the tool types are
restricted to mainly tabular varieties.” (ibid., 306-
307). In connection with the fossilized wood
artefacts, collected by Hallam L. Movius in Burma
during his expedition in 1937-38 in Central Burma,
Robin Dennell (2014, 26-27) cited the comment of
Movius (1943, 349): “The bulk of the material is
extremely friable, however, and controlled flaking
is absolutely impossible except when executed
along a plane more or less at right angles to the
axis of the growth rings. This factor is of the utmost
importance since it has exerted a very marked
influence on the typology of the fossil wood
implements, most of which are made on tabular
fragments of wood.”.

Syed Ahsan and Singh Roy (2016) made the typo-
technological classification of finished fossil wood
tools from several archaeological lithic assemblages
of the Chaklapunji area (Habiganj district,
Bangladesh). Concerning the flakeability, they
wrote: “As a raw material, fossil wood pieces are
removed either across or oblique to the wood
structure and for this reason suitable square or
rectangular shape core or large flake are produced.
So, the use of fossil wood as raw material
contributes to the shape of this tool” (ibid., 13).

The occurrence of petrified wood in the Cserhat
Mountains seems to be relatively common. On the
area of some gravel banks, large blocks and chunks
can be found (see, for example, Fig. 1/P-19-20,
Cs6évar—Mocsolyak). The most interesting case is
the gravel bank of Vanyarc—Balogi-tabla (Fig. 1/N-
71). In a vast area of about 250x500 m, there are
numerous blocks of 25x25x40 ¢cm dimensions. Due
to the intensive ploughing, they are generally
freshly broken. It is just a vague hypothesis, still, it
cannot be excluded that below the recent surface a
petrified forest is located. The verification,
however, requires further investigations.

Quartzite

Recently, the utilization of quartz and quartzite as a
lithic raw material in the Hungarian Palaeolithic
was reviewed (Péntek 2019). In that paper the
elementary geological properties of these raw
materials were described at large, here only a short
basic definition will be given. Quartzite is a
compact, hard, non-foliated, medium to coarsely
crystalline metamorphic rock. It has a typical
equigranular texture, that is, the grains mutually
adjust their boundaries to achieve textural
equilibrium. The pure quartzite is metamorphized
from quartz-rich sedimentary rocks, such as, for
example, pure quartz sandstone (Haldar & Tisljar
2014, 286). The extreme toughness of quartzite
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made it a favourite rock for use as an impact tool
during the Palaeolithic. Its conchoidal fracture
allowed it to be shaped into large cutting tools such
as hand-axes and scrapers. Its coarse texture makes
it difficult for producing tools with fine edges such
as knife blades and projectile points.

Quartzite pebbles can be found in all gravel banks
in the Cserhat Mountains, irrespectively of their
geological age. However, in those of younger
geological ages (Pliocene), the quartzite pebbles are
much smaller and therefore lesser suitable for tool
manufacturing.

Siliceous pebble and nummulitic chert

Concerning the state of the mineralogical and
petrographical nomenclature of silica and SiO;
rocks, recently Jens Gotze made an analytical
approach for the identification and classification of
these materials (G6tze 2010).

Nummulites are large lenticular (coin-shaped) fossil
foraminifers, widely distributed in limestone
formations from the Eocene Epoch to the Miocene
Epoch of the Cenozoic. According to Marké and
Kazmér (2004), nummulites are often present in
rock-forming quantity in the Middle Eocene to
lowermost Oligocene sediments of Transdanubian
Central Range in Hungary and southern Slovakia.
The uncommon occurrence of nummulites-bearings
rocks is in Lower Miocene and younger
conglomerates, which yield nummulitic chert
pebbles of various colours (grey, brown or yellow),
with a striated and usually black cortex. The
circumstance of silification is an open question for
the time being since the siliceous variety of rocks is
unknown from primary geological outcrops.

In the Cserhat Mountains, the siliceous pebble is
very frequent and it can be found practically in all
gravel banks. However, the occurrence of
nummulitic chert cannot be regarded as common. In
Fig. 2., the nummulitic chert occurrences can be
seen. In connection with the geological age of the
gravel banks, the necessary information has been
taken from the literature (Noszky 1940; Hamor
1985, 2007). It is worthwhile to draw attention to
the surprising frequent occurrences of nummulitic
chert in gravel banks of the Late Miocene and
Pliocene geological age.

Archaeological utilization

In Fig. 1., besides the geological occurrences of
non-flint raw materials the archaeological
occurrences without any chronological or cultural
categorization has been shown (Fig. 1/A-1-A-71,
Table 2). On the grounds of the Figure, it is
obvious that in the vicinity of the Palaeolithic sites
using non-flint raw materials, at a maximum
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distance of five kilometres as the crow flies, there
are always gravel banks as potential lithic raw
material sources. It is worth mentioning that there
are some general clusters of Palaeolithic sites.
There is a cluster of fourteen Palaeolithic sites in
the Galga Valley (Fig. 3/A-56—A-67, A-70—A-71).
Another cluster of seven Palaeolithic sites can be
seen in the vicinity of Vanyarc (Fig. 3/A-48—A-54).
A large, significant cluster of Palaeolithic sites can
be found in the territory of the villages of Legénd
and Szécsénke, where not less than twenty-one sites
show clear evidence of the utilization of non-flint
raw materials (Fig. 3/A-21, A-23—-A-33, A-37-A-
45).

In Fig. 3., only the archaeological sites, with the
rough degree of the utilization of non-flint raw
materials, can be seen (Fig.3/A-1-A-71).
Temperate utilization means a ratio of less than
10%, intensive utilization means a ratio greater than
10% (sometimes much higher %) in the total lithic
assemblage. There is a concentrated, intensive
utilization at three sites on the southern part of
Vanyarc, at the locality Makoéi-erd6. From a
technological and typological point of view, these
sites seem to have a clear affiliation with the so-
called Middle Palaeolithic, “Vanyarc-type” industry
(Péntek & Zandler 2018). There is a greater
concentration containing Six sites at
Szécsénke—Berecz-oldal and  Szécsénke—Kis-
Ferenc-hegy (Fig. 3/A-37—A-42).

In Fig. 4., the archaeological sites, classified in a
relatively simple manner, can be seen (Fig. 4/A-
1-A-71). The group “Middle Palaeolithic” contains
the site with strong Micoquian-Babonyian
characteristics and the sites listed under the term
“Vanyarc-type” industry. Group two, “Early Upper
Palaeolithic” is a somewhat loose classification of
the Palaeolithic sites with leaf-points and/or bifacial
tools, and tools with slightly Aurignacian
resemblances as well. There is a single Aurignacian
site in the third group, Legénd—Hosszu-foldek
(Fig. 4/A-24). The group “Upper Palaeolithic”
contains all sites belonging to the sensu lato
Gravettian entity regardless of their chronological
position. Given the fact, that it will be dealt with
surface collections, it is hardly possible an exact
chronological classification. Lastly, for the sake of
completeness, some known Neolithic sites will be
shown as well.

Because of the well-known problems of the
accidental heterogeneous, mingled character of
surface collections, no obvious consequences can
be drawn. That is why below only the observed
phenomena will be reported.
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Table 2.: List of the archaeological sites with non-flint raw material utilization

2. tablazat: A nem-limnikus eredetli nyersanyagokat hasznalo régészeti lelohelyek listaja

A-6

A-7

A-8

A-9

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
A-26
A-27
A-28
A-29
A-30
A-31
A-32
A-33
A-34
A-35
A-36
A-37
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Settlement

Becske

Bercel
Bercel
Bercel
Bujak
Bujak
Csécse
Cserhatsurany
Csesztve
Debercsény
Debercsény
Erdokiirt
Erddtarcsa
Hont
Kallo
Kallo
Kallo
Kétbodony
Kisgéc
Legénd
Legénd
Legénd
Legénd
Legénd
Legénd
Legénd
Legénd
Legénd
Legénd
Legénd
Mohora
Szanda
Szanda

Szécsénke

Name
Julia-major
Egresi-diild
Papi-foldek
Szar-hegy
Erddben-vége 1
Erdében-vége 2
Pinurka

Szente

Szente
Sz616s-domb
Banyai-oldal
Oreg-sz616k
Bakosi-rét
Mogyoros
Cigany-part
Dardci-hegy
Csitar
Puszta-hegy 2
Puszta-hegy 3
Puszta-hegy 4
Halyagos-hegy
Fehér-hegy
Halyagos-patak volgye
Hosszu-foldek
Kaldy-tanya 1
Kaldy-tanya 2
Kaldy-tanya 3
Remete
Remete
Rovnya 2
Rovnya 1
Kaldy-tanya 5

Baglyas
Patkanyos-puszta
Jakotpuszta folotti plato

Berecz-oldal 1

EOV_Y
673444,7
683714
685214
685817
674992
674985
675872,6
687702,5
687580,4
694885
6780275
665902,9
670202
668659
680355
6844175
648058
683189
682841,2
683020,1
668713
688781
669671
669896
669072
669055
669072
667296,2
667071,6
668419,2
668006,3
669402
669552,4
668396
6780739
678544
671605

EOV_X
286988,3
279405,2
279784
279771
282789
282155,1
284717,2
283846,9
283506,7
280568,8
2954553
2962079
290623
292976
269054
269622,9
299633
266250
266437,4
266367,7
284766
304947
283895
280210
283198
283093
283281
282607,6
2825125
284197,9
2840331
2828032
282676,9
293748
2835942
283307
283128

WGS84 Lat

47,92613164
47,85748285
47,86081046
47,86066067
47,88830839
47,88260794
47,90561494
47,89721039
47,89415779
47,86727378
48,00209581
48,00927386
47,95892874
47,98013577
47,76455227
47,76946754
48,04026671
47,73919544
47,74089883
47,74026243
47,90629905
48,08689953
47,89843756
47,86528947
47,89218687
47,89124305
47,89293333
47,88692662
47,88607761
47,90119795
47,89972758
47,88862673
47,8874861

47,98708599
47,89542457
47,89282102
47,89147832

10

WGS84 Lon
19,36115129
19,49797635
19,51805075
19,52610812
19,38161504
19,38148505
19,39350303
19,5516563

19,54999455
19,64737186
19,42301557
19,26057051
19,31792907
19,29737014
19,45237377
19,50660983
19,02139712
19,48996666
19,48534359
19,48772331
19,29774236
19,56795638
19,31051707
19,31335906
19,30247593
19,30224404
19,30247954
19,27870659
19,27569927
19,29378926
19,28826028
19,3068716

19,30887625
19,29387987
19,42287543
19,42914257
19,33634397
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Table 2. cont.
2. tablazat folyt.

A-38 Szécsénke Berecz-oldal 2E
A-39 Szécsénke Berecz-oldal 2W
A-40 Szécsénke Berecz-oldal 3
A-41 Szécsénke Berecz-oldal 4
A-42 Szécsénke Kis-Ferenc-hegy
A-43 Szécsénke Visak 1

A-44 Szécsénke Visak 2

A-45 Szécsénke Visak 3

A-46 Vanyarc Balogi-tabla
A-47 Vanyarc Balogi-tabla
A-48 Vanyarc Makoi-oldal 19/1
A-49 Vanyarc Makoi-oldal 19/2
A-50 Vanyarc Saj-volgy 21
A-51 Vanyarc Szlovacka-dolina
A-52 Vanyarc Tovi

A-53 Vanyarc

A-54 Vanyarc

A-55 Varsany Also-ko-forras
A-56 Csovar Arany-hegy 4
A-57 Csovar Arany-hegy 5
A-58 Csovar Arany-hegy 8
A-59 Galgagyork Majoka-mellett 1.
A-60 Galgagyork Majoka-mellett 3.
A-61 Galgagyork Paskomok

A-62 Galgagyork Komarka f616tt
A-63 Galgagyork Kelemen-fold
A-64 Galgagyork Csonkas-hegy
A-65 Galgagyork

A-66 Piispokhatvan Oreg-sz616

A-67 Piisp6khatvan Takacs-hegy
A-68 Verseg Tatar-domb 3
A-69 Verseg Tatar-domb 4K
A-70 Acsa Provosznya

A-71 Acsa Rovnya
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671318
671257
671057
670463
672162,6
670776
670782
670824
683243
683227,8
681017,5
680827
680916
679169,7
679624
679808,8
679931,6
681343,2
670654
670845
670997,3
675501
675727
675698
675729
675508
675877
676567
674707
675146
686071
686566
676563,2
677258,3

283406
283526
283692
283916
282817,5
285696
285522
285393
275459,6
2754574
273388,8
273465
272821
276211
275409
275221,2
274909
295582,9
272965
272977
272921
268244
268547
266947
266473
264495
264846
267317
269391
270287
264021
263870
270841,2
2719429

47,89398796
47,89506918
47,89656859
47,89860205
47,88866685
47,91460049
47,91303545
47,91187395
47,82202248
47,82200341
47,80350791
47,80420192
47,79840572
47,82897486
47,8217415

47,82004436
47,8172308

48,00309211
47,8001063

47,80020816
47,7996995

47,75747481
47,76019111
47,74580191
47,74153753
47,72375599
47,7268984

47,74909492
47,76782137
47,77586316
47,71899502
47,71760939
47,78079106
47,79067104

11

19,33251975
19,33170984
19,32904325
19,32111001
19,34378385
19,32538046
19,32545247
19,32600819
19,49138232
19,49117919
19,46151722
19,45897924
19,46012207
19,43703773
19,44305073
19,44550561
19,44712397
19,46745463
19,32314909
19,32569926
19,32772893
19,38757632
19,39060837
19,39012817
19,39051388
19,38745269
19,39239179
19,40173849
19,37705039
19,38295803
19,52821023
19,53479506
19,40190076
19,41124338
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Legend
| Nummulitic chert occurences
%a @ Upper Oligocene

i Q© Lower and Middle Miocene

a, @ Late Miocene (Maeotian)
I | i "‘J © Lower Pleistocene (Sarmatian and Pannonian)

T
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Fig.2.: The nummulitic chert occurrences in gravel banks of different geological age
2. abra: A nummuliteszes kovakavics eléfordulasok a kiilonbdz6é geoldgiai kora kavicstakarokban
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Legend

Grade of utilization
@ Moderate utilization (< 10%)
. € Intensive utilization (>10%)
T T T
670000 680000 690000

1
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Fig. 3.: Archaeological sites with a rough degree of utilization of non-flint raw materials. Temperate utilization means a ratio
of less than 10%, intensive utilization means a ratio greater than 10% (sometimes much higher %) in the total assemblage.

3. abra: Régészeti leldhelyek a nem limnikus nyersanyagok felhasznalasanak intenzitasanak feltiintetésével. Mérsékelt
(Temperate) felhasznalas 10%-nal kisebb, intenziv (Intensive) felhasznalas 10%-nal nagyobb (gyakran sokkal nagyobb)
arany az osszleletszamon beliil.
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€ Middle Palaeolithic
@ Early Upper Palaeolithic
A Aurignacian

Legend

A Upper Palaeolithic
@ Neolithic
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Fig. 4.: Archaeological sites, classified simply, utilizing non-flint raw materials
4. abra: A régészeti korok alapjan besorolt, nem limnikus nyersanyagokat felhasznalo régészeti leldhelyek
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Andesite utilization

Intensive utilization of andesite as a raw material
can be observed only at two sites.

The surface collection of the site of
Galgagyork—Csonkas-hegy (Fig. 3/A-64; Fig. 4/A-
64) was attributed to the Babonyian (Ringer 1983),
a Late Middle Palaeolithic Micoquian industry.
Among andesite artefacts, there are several
retouched tools, mainly side-scrapers. The short
review of a hand-axe had occurred earlier in
Hungarian (Mark6é 2004). The intensive andesite
utilization should be considered a local speciality of
this Babonyian industry. In the assemblage of the
Legénd—Kaldy-tanya (Fig. 3/A-25-A-27; Fig. 4/A-
25—-A-27) site-complex, having similar
technological and typological characteristics, the
andesite lacks entirely (Markd & Péntek 2003-
2004).

The other site is situated at Galgagyork as well
(Fig. 3/A-65; Fig. 4/A-65). The somewhat mingled
assemblage of the site contains a large number of
andesite artefacts, mainly great-sized flakes. A
bifacial tool, a side-scraper made of felsitic
porphyry, and some retouched flakes of great-
dimensions (roughly manufactured side-scrapers)
connect the site to the Micoquian-Babonyian site-
complex postulated in the surroundings. However,
based on the Neolithic artefacts, occurring in the
assemblage, the incidental existence of an atelier
manufacturing polished Neolithic hand-axes cannot
be excluded.

It is worth mentioning the site Szécsénke—Berecz-
oldal 3. The percental ratio of andesite is less than
1%, but there are some “blady” artefacts, mostly,
however, elongated flakes (Fig. 15, 1-3, 5). At the
same time, in Fig. 15, 4, there is a large, massive
flake of great dimensions (91x74x28 mm), with
some short removals.

Siliceous pebble and nummulitic chert
utilization

Among the Palaeolithic sites, the use of siliceous
pebble and nummulitic chert is high at the sites
typologically related to the Middle Palaeolithic
“Vanyarc-type” industry (Fig. 3/A48 — A5Q;
Fig. 4/A48 — A50). At the same time, the use of
siliceous pebble in the vicinity of the eponymous
site of the industry (Vanyarc-Szlovacka-dolina,;
Fig. 3/A51; Fig. 4/A51) is negligible (Marké
2012). In Fig. 14, 3, there is a large siliceous pebble
fragment from the small lithic concentration
Vanyarc 16 (Fig. 3/A53; Fig. 4/A53). Dimensions
are 77x47x33 mm.

Both the siliceous pebble and the nummulitic chert
have high occurrence at the site of Legénd—Kaldy-
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tanya 5 (Fig.3/A-32; Fig.4/A-32). In the
assemblage containing 467 lithic artefacts, the
percental ratios are 17.34% and 4.07% respectively.
Among the 39 tools, there are 24 (61.54%) tools
made of siliceous pebble, and there is a single tool
(2.56%) made of nummulitic chert. The
assemblage, on the whole, shows clear evidence of
a pronounced pebble-industry. From a cultural
point of wview, it cannot be classified
unambiguously. Many  technological and
typological characteristics of several Middle
Palaeolithic and Transitional industries
(Moustérian, Micoquian-Babonyian, Szeletian) are
present (Péntek & Gabriel 2018; Péntek 2020a)
which are known mainly from surface collections in
the study area.

The utilization of the siliceous pebble at the sites of
Szécsénke—Berecz-oldal and  Szécsénke—Kis-
Ferenc-hegy is rather frequent (Fig. 3/A-37-A-42;
Fig. 4/A-37-A-42). All lithic assemblages consist
of some hundreds of artefacts, even more than a
thousand at the site of Kis-Ferenc-hegy. The ratios
of siliceous pebble utilization vary between 12.32%
and 16.39%, among the tools, the ratios are much
higher, they vary between 28.57% and 37.5%
(Péntek & Zandler 2013b; Péntek 2015:64-65 Table
1-2)). In Fig. 5., some selected tools, end-scrapers
from Kis-Ferenc-hegy (1, 3), an end-scraper (2) and
a bifacial tool (4) from Berecz-oldal 3 can be seen.
The use of siliceous pebble at the recently localized
sites (likely three related lithic concentrations) of
Szécsénke—Visak is not negligible. The share of the
siliceous pebble in the total assemblages and the
tool-kit is 2.99% (of 735 artefacts) and 14.29% (of
49 tools), 6.67% (of 195 artefacts) and 31.58% (of
19 tools) and 9.80% (of 153 artefacts) and 25.00%
(of 16 tools) at Szécsénke—Visak 1, Visak 2 and
Visak 3 respectively (Péntek 2021b)

At the site of Szécsénke—Kis-Ferenc-hegy, there is
a leaf-point made of nummulitic chert (Fig. 6, 2).
At the site Legénd 88, nearby the site
Szécsénke—Berecz-oldal 4 (Fig. 3/A-41; Fig. 4/A-
41), there is a broken leaf-point made of siliceous
pebble (Fig. 6, 1). At the site Szécsénke—Berecz-
oldal 3 (Fig.3/A-40; Fig. 4/A-40), there is a
“gigantolith”, a large curved side-scraper. Its left
edge and the distal part of the right edge are
retouched. Dimensions are 92x67x29 mm (Fig. 8,
2). In Fig. 10, 2, 4, there are two siliceous pebble
cores from the site Szécsénke—Berecz-oldal 2E
(Fig. 3/A-38; Fig. 4/A-38) (see, also Péntek 2015,
54, Fig. 6.7).

At the site of Legénd—Rovnya 2, the ratio of the
siliceous pebble is 17.08% (Fig. 3/A-30; Fig. 4/A-
30) in the heterogeneous assemblage of 972
artefacts. Among the 46 tools, 22 pieces are made
of siliceous pebble (47.83%).
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Fig. 5.: Selected tools made of siliceous pebble. Fig. 6.: Selected leaf-shaped tools made of siliceous pebble (1) and
5. abra: Vélogatott kovakavics eszkozok. nummulitic chert (2).
1, 3 = Szécsénke—Kis-Ferenc-hegy (A-42); 2, 4= Szécsénke—Berecz- 6. abra: Valogatott levéleszkozok kovakavicsbol (1), nummuliteszes

oldal 3 (A-40): kovakavicsbol (2).
: 1 = Legénd 88 (A-23); 2 = Szécsénke—Kis-Ferenc-hegy (A-42)

Fig. 7.: Selected tools made of quartzite. Fig. 8.: Selected artefacts made of quartzite (1, 3-5) and siliceous
7. abra: Valogatott kvarcit eszkozok. pebble (2).

1 = Bér-Szar-hegy (A-4); 2 = Legénd—Rovnya 2 (A-30); 3 = 8. abra: Valogatott leletek kvarcitbol (1, 3-5) és kovakavicsbol (2).
Bujak—Szente 2 (A-9) 1 = Bér—Szar-hegy (A-4); 2 = Szécsénke—Berecz-oldal 3 (A-40); 3 =

Bercel-Erddben-vége 2 (A-6); 4, 5 = Legénd—Hossza-foldek (A-24)
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Fig. 9.: Selected flakes made of quartzite. Fig. 10.: Selected cores made of quartzite (1, 3) and siliceous pebble
9. abra: Valogatott kvarcit szilankok. 2,4).
1 = Szécsénke—Berecz-oldal 3 (A-40); 2 = Bercel-Erddben-vége 2 10. abra: Valogatott magkdvek kvarcitbol (1, 3) és kovakavicsbol
(A-6); 3, 4 = Legénd—Hosszu-foldek (A-24) (2, 4).

1 = Szécsénke—Berecz-oldal 3 (A-40); 2, 4 = Szécsénke—Berecz-
oldal 2 (A-38); 3 = Szécsénke—Berecz-oldal 1 (A-37)

Fig. 11.: Selected cores made of quartzite. Fig. 12.: Selected cores made of quartzite.

11. abra: Valogatott kvarcit magkovek. 12. abra: Valogatott kvarcit magkovek.

1 = Szécsénke—Berecz-oldal 3 (A-40); 2 = Bercel-Pinurka (A-7); 3 1 = Bercel-Erdében-vége 2 (A-6); 2 = Bercel— Erd6ben-vége 1 (A-
= Bujak—Szente 2 (A-9) 5)
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The Palaeolithic artefacts can be associated with the
Micoquian-Babonyian industry of the nearby
Legénd—Kaldy-tanya site-complex (Marké &
Péntek 2003-2004), or with the assumed Szeletian-
like industry of the surroundings of Szécsénke
(Péntek & Zandler 2013b; Péntek 2015). The
Aurignacian-blades, burins and fragments of
backed pieces are likely in connection with the
Upper  Palaeolithic ~ Aurignacian  site  of
Legénd—Hosszu-foldek (Péntek & Zandler 2013a;
Péntek 2016, 2018).

The occurrence is high at the Middle Palaeolithic to
Upper Palaeolithic Transient and/or Early Upper
Palacolithic sites, such as the Bér—Egresi-dild site
(Fig. 3/A-2; Fig. 4/A-2). The proportion of
siliceous pebble in the total lithic assemblage is
9.68%, and among the 42 tools, there are seven
(16.67%) made of this raw material. The
assemblage of the site is somewhat mingled,
containing also Neolithic artefacts, which were not
difficult to isolate during processing. Palaeolithic
finds are more likely to be classified as Middle
Palaeolithic. In the Bér—Papi-foldek (Fig. 3/A-3;
Fig. 4/A-3) the proportion of siliceous pebble in the
total assemblage is 14.0%, six of the 12 tools are
made on siliceous pebble blank. The assemblage
contains leaf-points, bifacial tools and Aurignacian
end-scrapers. The site has been rated as sensu lato
Aurignacian site (Péntek & Zandler 2017).

At the Early Upper Palaeolithic site
Bercel-Erdében-vége 2 (Fig. 3/A-6; Fig. 4/A-6),
among the recorded 109 lithic finds, there are 15
siliceous pebble artefacts (13.76%). There are no
siliceous pebble tools or cores present, but the
importance of the raw material is evidenced by the
presence of mostly unretouched flakes of great
dimensions (Péntek 2021a, Péntek 2020b).

At the Aurignacian site of Legénd—Hosszl-
foldek(Fig. 3/A-24;  Fig. 4/A-24), the local
siliceous pebble makes up 22.45% of the lithic
assemblage. With a much higher percental ratio
(38.36%) it is the most frequent raw material
among the tools (Péntek 2018, 60, Table 1-2). The
most likely source of the siliceous pebbles is the
gravel exposed at 200-250 m to the southwest of
the site. Its geological age is Upper Oligocene
(Noszky 1940, 43-47). This gravel bank dominantly
contains quartzite pebbles, but siliceous pebbles of
good knapping quality are abundant too. In the
lithic assemblage, only a small number of artefacts
are covered partly with a cortex, so the initial
shaping of the cores presumably happened in the
area of the gravel outcrop (ibid., 61).

The utilization of the siliceous pebble is rather high
(ca. 50%) with about 100—150 lithic artefacts in the
unpublished lithic assemblages of some Neolithic
sites, such as  Cserhatsurany—Banyai-oldal
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(Fig. 3/A-11; Fig. 4/A-11) and Legénd—Remete
(Fig. 3/A-28—A-29; Fig. 4/A-28—A-29).

3.3. Petrified wood utilization

Despite the relatively common occurrence of
petrified wood in the discussed area, the utilization
is rather infinitesimally low.

In Fig. 13/2, there is an atypical tool made from a
tabular petrified wood piece from the small lithic
concentration Vanyarc—28 (Fig. 3/A-52; Fig. 4/A-
53). The orientation of the specimen is arbitrary.
Dimensions are 41x30x10 mm. The “distal” end is
“pointed”, on the left side, there is a notch-like
removal and fine retouch, the right side is retouched
with abrupt retouch. The right lateral side of the
“proximal” end and the base itself is also abruptly
retouched. It can be attributed very likely to the so-
called Middle Palaeolithic “Vanyarc-type” industry.
As accompanying artefacts, the side-scraper made
from a thick siliceous pebble flake (Fig. 13/1), and
the quartzite flake (Fig. 13/3) were found at this
concentration too.

As a scattered find, there is a microblade core of
likely Neolithic character from Bujdk—Aranykut-
puszta somewhere between Fig.1/N-13 and
Fig. 1/N-26. This artefact is made actually of wood
opal. It is a form of petrified wood which has
developed an opalescent sheen or, more rarely,
where the wood has been completely replaced by
opal. Other names for this opalized sheen-like wood
are opalized wood and opalized petrified wood.

At the Palaeolithic site of Becske—Julia-major
(Fig. 3/A-1; Fig. 4/A-1), there is a fragmented
simple side-scraper with an irregular lateral
working edge, made of petrified wood (Péntek
2021c, 26, Fig. 4, 8). From a technological and
typological point of view, the lithic assemblage of
the site can be considered as heterogeneous, in
which Late Middle Palaeolithic and/or Early Upper
Palaeolithic tools (including leaf-shaped tools)
dominate.

Quiartzite utilization

Quartzite pebbles have the most common
occurrence in the gravel banks. This fact can
therefore obviously explain the very frequent
presence of quartzite artefacts almost without
exception at all Palaeolithic sites. There are mainly
large flake cores, very often unimodal discoid
cores, but the majority of quartzite artefacts are
flakes of different sizes without retouching. The
general presence of the unworked flakes in great
quantities can be explained through the fact, that
because of the resistance of the edges the flakes
may have been suitable to fulfil some working
functionalities, such as cutting or scraping. The
tools made of quartzite are mostly rough-and-ready
manufactured tools without any finer elaboration.



Archeometriai Mithely 2021/XVIIL./1.

Fig. 13.: Selected tools from the lithic concentration VVanyarc 28 (A-

54)
13. abra: Valogatott eszkozok Vanyarc 28 (A-54) lelet-
koncentraciobol

Fig. 15.: Selected andesite artefacts from Szécsénke—Berecz-
oldal 3 (A-40) site
15. abra: Valogatott andezit leletek Szécsénke—Berecz-oldal 3
(A-40) leldhelyrol
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Fig. 14.: Selected artefacts from various sites.

14. abra: Valogatott leletek kiilonb6z6 lel6helyekrol.

1 = Vanyarc—Szlovacka-dolina 1 (A-51); 2, 4 = Szécsénke—Berecz-
oldal 3 (A-40); 3 = Vanyarc 16 (A-53); 5 = Vanyarc—Makai-oldal
19/2 (A-49)

These quartzite tools do not belong to the primary,
principal tool-kit of the industries, they belong to
the so-called “collateral industry”
(,,Begleitindustrie“ sensu Karel Valoch at some
Moravian and Slovakian Szeletian sites (Valoch
1955, 28-32).

Szécsénke—Kis-Ferenc-hegy site and other sites and
find concentrations localized on both sides of the
Halyagos streamlet, which are regarded as parts of
a Szeletian site-complex, are characterized by
relatively significant quartzite utilization (Fig. 3/A-
37-A-42; Fig. 4/A-37-A-42). The ratio of quartzite
artefacts varies between 0.22% to 4.92% (Péntek
2015, 64, Table 1.). The likely source of the
quartzite pebbles is either the Szécsénke-Kis-
Ferenc-hegy site itself or the gravel bank which can
be found in the area of the Szécsénke-Berecz-oldal
2W site 1 km to the Northwest. The quartzite
pebbles dominate the composition of the gravel
bank. In Fig. 9, 1, there is a large quartzite flake of
relatively rare greenish colour from the site

Szécsénke—Berecz-oldal 3 (Fig. 3/A-40; Fig. 4/A-
40). In Fig. 10, 1, 3, there are quartzite cores from
the sites Szécsénke-Berecz-oldal 3 (Fig. 3/A-40;
Fig. 4/A-40), and Szécsénke—Berecz-oldal 1
(Fig. 3/A-37; Fig. 4/A-37). Another quartzite core
from the previous site is in Fig. 11, 1.

For the time being, there is only one, rather atypical
microlithic tool made of vein quartzite from the site
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Szécsénke—Berecz-oldal 3 (Fig. 3/A-40; Fig. 4/A-
40). The broken-lined distal end is finely retouched.
The tool can be classified in a broad sense as an
end-scraper (Fig. 14, 2). Dimensions are 21x18x8
mm (Péntek 2015).

At the Szeletian site of Bujak—Szente, among the
1,495 artefacts, there is a single quartzite artefact, a
double side-scraper (Péntek & Zandler 2014, 5,
Table 1-2). The semi-abruptly retouched left lateral
edge is a convex working edge. The right lateral
edge is semi-abruptly retouched; the distal end is
concave and the proximal end is almost straight
(Fig. 7, 3).

At the Early Upper Palaeolithic site
Bercel-Erdében-vége 2 (Fig. 4/A-6; Fig. 5/A-6),
the ratio of quartzite is very high, among the
recorded 109 lithic finds, there are 34 quartzite
artefacts (8.31%). The quartzite artefacts include a
large number of cores, core fragments and flakes.
There are no retouched quartzite tools. Based on the
general morphology of the flakes, it is more than
likely that not only freehand knapping, but the
bipolar-on-anvil technique was also applied on the
site. In Fig. 9, 2, there is a quartzite flake, removed
probably with freehand knapping. In Fig, 12, 1,
there is a quartzite core from the site (Péntek 2021a,
Péntek 2020b).

At the Aurignacian site of Legénd—Hossza-foldek
(Fig. 3/A-24; Fig. 4/A-24), the ratio of quartzite
artefacts in the entire assemblage of 1,782 pieces is
5.15% (Péntek 2018, 60, Table 1). Among the
tools, there is a bifacial knife (“Keilmesser”) with a
natural back (“couteau a dos naturel”), made on a
massive quartzite flake. Its straight right side-edge
is unworked. The basis and the slightly curved left
side-edge are partly covered by the original pebble
cortex. Its dimensions are 67%37x17 mm. Besides
this single tool, the other artefacts are mainly flakes
of different sizes and shapeless, amorphous pieces
(Fig. 9, 3-4). It is necessary to make some remarks
regarding the amorphous artefacts. On the one
hand, quartz is a fragile mineral; the massive
varieties (microcrystalline or cryptocrystalline
quartz) are somewhat tougher than the
macrocrystallized ones. Quartz is more brittle than
siliceous rocks and therefore the fragmentation is
much more common during knapping (Tallavaara et
al. 2010, 2442-2443). On the other hand, in
connection with the bipolar anvil technique,
William Andrefsky Jr. (2005, 153) wrote that the
bipolar cores are generally amorphous and are
easily interchangeable with angular fragments.
Lastly, quartzite as a metamorphic rock, because of
the rigidness of the quartz mineral, is very resistant
to thermal effects. Despite this fact, as a
consequence of a sudden change of temperature,
quartzite pebbles tend to burst, fracture into blocky
fragments and remain in place without scattering
over distances (Petraglia et al. 2002, Section 11-6.).
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In Fig. 7, 1, there is a denticulated tool from the site
of Bér—Szar-hegy, which has been classified as
sensu lato Aurignacian site despite the present
bifacial and leaf-shaped tools. In the lithic
assemblage of 1,447 artefacts, quartzite as a lithic
raw material has a subordinate role (7 artefacts;
0.48% of the total assemblage) and there is only
this single tool made of quartzite (Péntek & Zandler
2017).

At the site of Legénd—Rovnya 2, in the lithic
assemblage of 972 artefacts, there are 10 quartzite
artefacts altogether (1.95% of the total assemblage).
Among the 46 tools, two side-scrapers
(denticulations) were made of quartzite (see, for
example, Fig.7, 2) (Péntek & Zandler 2013a;
Péntek 2016).

Discussion

According to Andrefsky (1994), a primary and
important distinction has been made between tools
with little effort in their production (informal tools)
and tools with more effort expended in their
production (formal tools). “Formal tools have been
characterized as flexible tools, or tools are
designed to be rejuvenated and have the potential
to be redesigned for use in various functions.”
(Goodyear 1979, 4). Following the argumentation
of Andrefsky, formal tools have generally been
linked with hunter-gatherer groups practising
mobile settlement strategy and thus having short-
term site occupations. Since mobile groups may not
find lithic raw materials suitable for manufacturing
tools in the occupied region, so they must have
ready-made tools available.

Informal tools are unstandardized or casual
concerning to form and believed to have been
manufactured, used, and discarded over a relatively
short period. Informal tools are thought to be
associated with sedentary settlement strategy,
having longer-term site occupation. Unlike mobile
groups, sedentary groups do not have to expend
extra effort in the production of formal tools. Based
on the analysis of archaeological data from
different parts of western North America, against
these above-mentioned generalizations, Andrefsky
suggested that “... mobile prehistoric populations
would not necessarily produce formal tools if good-
quality lithic raw materials were readily accessible
at needed locations. Similarly, if sedentary
populations did not have access to readily available
lithic raw materials, the production of wasteful
informal tools would not necessarily be a common
practice. Instead, | suggest that availability of lithic
raw materials will influence the kinds of stone tools
produced at a site, and that such influence may be
only indirectly related to settlement
configurations.” (Andrefsky 1994, 23).

In the Cserhat Mountains and the Galga Valley, no
“base camp” sensu Lewis R. Binford (1979; 1980)
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has been located. There are, however several “large
open-air sites” sensu Michael Bolus (2004), which
are very often situated near raw material sources. In
most cases these sites had extensive surface
scatters, sometimes with several smaller find
concentrations. These find concentrations may be
separated from each other by gaps, areas without
having lithic artefacts. These large open-air sites
were repeatedly visited over a long period. The raw
material utilization of this type of sites indicates
well-aimed exploitation of the nearby raw material
sources. The sites are also characterized by a high
amount of debris, which should reflect the remains
of flaking activities from several occupation events.
In a very wide sense, the 5-6 larger sites and about
the same number of smaller lithic concentrations,
attributed to the “Vanyarc-type” industry can be
considered as such a large open-air site or rather as
site-complex (Fig. 3/A-48—A-54; Fig. 4/A-48—A-
54). They are all located along with a 1,000 m wide
comb in a range of 4,500 m long between the
settlements Vanyarc and Kall6. The separating gaps
have a length of about 200-300 m. Based on the
excavated lithic material (Mark6 2008-2009, 184),
the local limnic quartzite dominates (62.03%),
followed by the long-distance raw material felsitic
porphyry (33.35%).

The sites at Szécsénke—Berecz-oldal (1, 2E, 2W, 3,
4; Fig. 3/A-37-A-41; Fig. 4/A-37-A-41) are
situated along the southwestern verge of a comb, in
a range of 2,000 m length. The centres of the sites
are separated from each other by 100-350 m long
gaps. The sites share the same technological and
typological characteristics. Based on the previous
publication of the lithic assemblages (Péntek 2015),
the ratio of the dominant local limnic silicite in the
total assemblages is between 52.17% and 68.56%,
followed by the siliceous pebble (12.32%-32.30%).
The long-distance raw material felsitic porphyry
has only a subordinate role with at most 7.58%. In
contrast, the proportion of diatomaceous -earth
among the tools is significantly higher; it varies
between 28.57 and 45.16%. Especially concerning
siliceous pebble, the most frequently used non-flint
raw material, it is necessary to mention some new
results of field surveys at the above-mentioned sites
of recent years (Péntek 2020b, 2020c). According
to the new data, the ratio of siliceous pebble in the
total assemblages (390, 474 and 2,058 artefacts) is
18.46%, 15.61% and 8.36% at the sites of
Szécsénke—Berecz-oldal 2E, Szécsénke—Berecz-
oldal 2W and Szécsénke—Berecz-oldal 3
respectively. As regards the tools, the ratios are
32.08% (of 53 tools), 37.18% (of 55 tools) and
38.41% (of 151 tools) at Szécsénke—Berecz-oldal
2E, 2W and 3 respectively. The proportions are
practically constant in the meanwhile significantly
increased assemblages.
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In general, the raw material utilization of non-flint
raw materials, especially the high ratio of the
quartzite and  siliceous pebble  (including
nummulitic chert) artefacts on some Palaeolithic
sites in the Cserhat Mountains may be explained as
a particular tradition in raw material use, but it
seems more likely that opportunistically the hunter-
gatherer groups preferred the quartzite or siliceous
pebbles of the nearby gravel banks over the local
limnic silicite. A possible explanation of this
behaviour is a practical one, the tools made of non-
flint raw materials are very frequently ad hoc,
spontaneous, rough-and-ready tools, which were
discarded without reworking. There are, however,
numerous examples where very fine elaborated
tools had been manufactured from a siliceous
pebble or even from nummulitic chert. Another
possible explanation and it is likely a very striking
one, that the manufacturers of the lithic tools did
not know the accessibility of the geological sources
of raw materials of better quality. They might have
been “pioneers” in the Cserhat Mountains, lacking a
kind of “know-how” on the conditions. In addition
to the concepts of curated and expedient
technologies, described by L. R. Binford (1979,
1980), Margaret C. Nelson (1991, 62) added the
opportunistic behaviour, contrasting this
opportunistic, unplanned technological behaviour
with expediency. According to Binford, expediency
refers to the minimized technological effort under
conditions where time and place of use are highly
predictable. Opportunistic behaviour is a response
to immediate, unanticipated conditions. It is very
likely that in the case of locally available raw
materials of relatively low flaking quality, such as
some non-flint lithic raw materials, an opportunistic
behaviour can be assumed.

Only detailed lithic analyses made on complete
lithic  assemblages, containing not only
manufactured tools but debitage products as well,
can imply the nature of the used technological
behaviour.

Conclusion

The utilization of some non-flint lithic raw
materials in the Palaeolithic in the Cserhat
Mountains and the Galga Valley (Northern
Hungary) was investigated. A sketchy geological
map with geological outcrops (Fig. 16.) visualizes
some interesting facts (showing only a rough
classification by the main geological epochs with a
colour scheme that corresponds to what used by the
Hungarian Institute of Geology). Though the map is
not tightly joining to the archaeological information
of this paper, it is apparent that most of the gravel
occurrences connected to the Lower Miocene (to
the west of the settlement Becske) and Upper
Miocene (between the settlements Bujak and
Vanyarc and in the surroundings  of
Cserhatszentivan) geological formations.
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Fig. 16.: A sketchy geological map of the discussed area. Only some relevant geological epochs are shown. The geological
outcrops are indicated with black circles.
16. abra: A vizsgalt teriilet vazlatos geologiai térképe. Csak néhany jelentdsebb geoldgiai korszak lett feltiintetve. Fekete
korok jelolik a geologiai el6fordulasokat.
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The former area was placed by Jené Noszky (1940,
43) erroneously into the Upper Oligocene Chattian,
according to the recent nomenclature it belongs to
the Budafok Sand Formation (Hamor 1985, 235).
Noszky (1940, 114) placed the latter area to the
Lower Pliocene ‘“higher Sarmatian terrestrial
deposits”, according to the recent nomenclature it
belongs to the Sajovolgy Formation (Hamor 1985,
262).

Based on such elementary correspondences, it is
possible with successive approximation containing
several feedback steps, to create a satisfactory
predictive model. Let us assume that there are given
one or more archaeological sites in an area with
documented utilization of some non-flint raw
material, such as quartzite or siliceous pebbles, and
given some gravel beds in the vicinity of the site.
With the help of such a sketchy geological map,
there is always a possibility to formulate
hypotheses referring to further gravel beds. These
hypotheses should be checked and so they will be
proved or disproved, in any case, supplying
additional  information.  According to our
observations made in the Cserhdt Mountains,
several gravel beds containing also debris, waste
products from manufacturing chipped stone
implements. This can indicate the occurrence of
some unknown archaeological sites as well.
Applying this Sisyphean prospecting method
systematically, both from an archaeological and
geological point of view, we can have a more
complex image of a given region.

In the recently published paper (Péntek 2019), the
utilization of quartz and quartzite as lithic raw
materials in the Hungarian Palaeolithic was
reviewed. The ratio of these raw materials is
significantly low at all open-air Palaeolithic sites
both in the Eger—Biikkalja and the Sajo Valley area.
On the contrary, their intensity is higher at the
Palaeolithic sites of the Cserhat Mountains. The
only conceivable explanation is the research hiatus
likely caused by disinterest. To the author, no field
surveys or prospects are known concerning the
geological formations and possible lithic raw
material sources from an archaeological point of
view in the above-mentioned areas. Up to now,
only one attempt has been made to discuss the raw
material utilization of a Palaeolithic site. It is the
Upper Palaeolithic “Epiaurignacian” site
Andornaktalya—Zugo6-dilé (Mester 2009; Mester &
Koztowski 2014). It would be very desirable to
change drastically this situation and make up the
research hiatus.
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NAGYMAGOCS-PAPTANYA (CSONGRAD-CSANAD MEGYE)
LELOHELYEN FELTART KESO SZARMATA TELEPULESROL
SZARMAZO TEGELY ES SALAKLELETEK KOMPLEX VIZSGALATA

COMPLEX INVESTIGATION OF THE CRUCIBLE AND SLAG FINDS FROM THE
LATE SARMATIAN SETTLEMENT OF NAGYMAGOCS-PAPTANYA
(CSONGRAD-CSANAD COUNTY)*
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Abstract

During the excavation between 1983 and 1986 in Nagymdgocs-Paptanya, a Sarmatian settlement (dated from
the end of the 4th century to the middle of the 5th century) was excavated. We found different structured slag
pieces in 7 features of the settlement and from one feature a unique slag-covered crucible has come into light.

As most of the slags were found in the feature 73 of the settlement, this unit was defined as a
metallurgical/blacksmith workshop. Although we have to highlight that at the archaeological site we couldn’t
identify any concrete trace of a furnace or specified workshop connected with the slag findings. To be able to
discover the eventual technological processes and probable heat treatments in the settlement, we selected 7 slags
and the adhered slag of the crucible for the examinations.

First of all the chemical composition of the selected slags was defined with a Varian 710-ES spectrometer (ICP-
OES), then samples were made of every selected item were examined with Zeiss EVO MA10 (SEM) scanning
electron microscopy equipped with EDAX EDS. A couple of samples were examined with Bruker D8 Advance X-
ray diffractometer (XRD).

Based on the results of the examinations we can categorize the slags to two main groups, which can be divided
into subgroups as well. Based on their morphological structures, samples 4, 5 and 6 are probably the by-
products of some kinds of metallurgical process. The major chemical components of these slags are iron-oxides
with the domination of the FeO component. During the electron microscopy examinations, the samples showed
heterogeneous slag structure, but according to the results of the scanning electron microscopy they showed
prismatic polygonal structure as well. In the light of the mixed results, we involved the XRD method to the
examination. As a summary of the results, we can say that that slag samples 4, 5 and 6 are by-products of a
probable blacksmith treatment, and in the slag heterogeneous structure we can find the also the components of
the oven or the fireplace. According to the mineralogical examination, the leucite can be the result of the heating
reaction of the burned clay of a long term used fire pit.

Regarding the other examined slag pieces, we were not able to determine any metallurgical connection.

Before the examinations, regarding the slag-covered crucible, based on the Sarmatian settlements of the period,
we assumed that it could be used for bronze or lead smelting. Despite the expectations came into light that
according to the morphological-, chemical- and structural characteristics of the adhered slag, the crucible was
used for glass smelting, to which technique no previous trace was documented in the Sarmatian settlements of
Hungary.

Kivonat

1983 és 1986 kozott Nagymdgocs-Paptanyan a Kr. u. 4. szdzad vége és 5. szdzad kozepe kozotti idoszakra
keltezheto, szarmata telepiilés részletét tartak fel. A telepiiles 7 objektumabodl eltéerd szerkezetii

* How to cite this paper: SZEKELY, A.K.; TOROK B. & VOROS, G. (2021): Nagymégocs-Paptanya (Csongrad
megye) leldhelyen feltart késé szarmata telepiilésrdl szarmazéd tégely €s salakleletek komplex vizsgalata /
Complex investigation of the crucible and slag finds from the late Sarmatian settlement of Nagymagocs-
Paptanya (Csongrad-Csanad county). In Hungarian with English abstract, Archeometriai Miihely XVI11/1 2744,
doi: 10.55023/issn.1786-271X.2021-002
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salakmaradvanyok, egy helyrél pedig egy salakos feliiletii tégely is eldkeriilt. A téegely és a legtobb salak, a 73.
objektumbol szarmazik.

A lelohelyen nem keriilt el6 olyan egyértelmiien ipari objektum, aminek tevékenysége salakképzédéssel jarna
egyiitt. A vasmiives/kovacsmithelyként meghatarozott 73. objektum funkciojara csupan a salakleletek utalnak.
Koziiliik 6sszesen 8 darabot vizsgaltunk, beleértve a tégely feliiletére olvadt tapadvanyt is.

Legeloszor a salakokbdl vett mintak kémiai Osszetételének meghatdarozasa tortént Varian 710-ES
tomegspektrométerrel (ICP-OES), majd a darabokbol vett ujabb mintikrol ezutan csiszolatokat készitettiink.
Ezeket EDAX energiadiszperziv (EDS) mikroszondaval — felszerelt Zeiss EVO MAIO pdsztazo
elektronmikroszkdppal (SEM) vizsgaltuk meg. Néhdany mintdat Bruker D8 Advance rontgen pordiffraktométerrel
(XRD) is megvizsgaltunk.

A mintak, amelyeket a salakokbdl vettiink, alapvetéen két csoportba oszthatok, melyekben tovabbi alcsoportok
kiilonithetok el. A 4., 5. és 6. salakmintak morfologiai sajatossagai alapjan is, vélhetéen vasmiivességi
tevékenységbdl szarmaznak. Kémiai dsszetételiikben alapvetéen vasoxidok, azon beliil is a nagy FeO tartalom
dominal. Elektronmikroszkdpos vizsgalatok alapjan heterogén salakszerkezetet talaltunk. Mindazonaltal a SEM
vizsgalatok alkalmaval prizmds poligonos szerkezetet is taldaltunk, amely felvetette a kérdést a salak eredetét
tekintve. Tobbek kozott ezért, illetve a vizsgalatok komplexitasa érdekében néhany mintat rontgen-pordiffrakcios
eljarassal is megvizsgaltunk. A vizsgalatok oOsszesitett konkluziojaként a 4., 5. és 6. salakmintak olyan
vasmiivességhez kotheté (valosziniileg kovdcsolashoz, de elméletben nem zarhato ki a metallurgiai fazis sem)
darabok, amelyeknek heterogén szerkezetébe a kovacstiizhely vagy kemence falabol szarmazo maradvanyok is
keveredhettek. Az dsvanytani vizsgdlattal azonositott leucit példaul tipikusan kaliumdus, sziliciumszegény
olvadékbol kristalyosodhat ki, de lehet akar szildrd fazisu, termikus reakcio eredménye 1S, azaz szarmazhat
huzamosabb ideig 1100-1400 °C-on hasznalt kovdcstiizhely, vagy kemence kiégett agyagdbol.

A tébbi salakminta vizsgalata nem hozott olyan eredményt, amely alapjan barmelyiket egyértelmiien vas vagy
fémmiivességi tevékenységhez lehetne kétni.

A 73. objektumbol eldkeriilt ontdtégely tobb tevékenységhez kapcsolodo munkafolyamatbol is szarmazhat. A
tegely oldalardl levalasztott tapadvany morfologiai sajatossdaga, kémiai dsszetétele, mikroszerkezete leginkdabb
tivegolvasztashoz kapcsolodo melléktermékre utal.

KEYWORDS: ARCHAEOMETALLURGY, SARMATIAN PERIOD, SLAG, ICP-OES, SEM-EDS, XRD
KULCSSZAVAK: ARCHEOMETALLURGIA, SZARMATA, SALAK, ICP-OES, SEM-EDS, XRD

Az alabbiakban egy késG szarmata telepiilés
(Nagymagocs-Paptanya) egyetlen objektumaval
Mig a romai provincidlis vasmiivesség kutatasa az (73A-B szami) foglalkozunk, amely sszefiiggésbe
el6keriilt leleteknek —¢s  nagyszdmi vasipari hozhat6 a faluban miikodé kovacsmiihellyel
lel6helynek  koszonhetéen jol  vizsgalhaté, a (1. 4bra). A publikicié elsddleges célja, hogy
Barbaricum csaszarkori és kora népvandorlaskori ismertessik az objektumbél elSkeriilt ©nallo
iparrégészeti kutatasa Viszonylgg még salakok és  tégelytapadvany  anyagvizsgalati
kezdetlegespek mondhatd. A hazai régészeti eredményeit, kiegészitve a leldhely egy masik
kutatasra Jel}emzé, hogy a sok salakkal és objektuménak egyik gddrébdl elSkeriilt salakszer(i
féemmiivességi  tevékenységgel és.szekéthet('i darabok mintdinak vizsgalataival, tovabba, hogy az
melléktermékekkel  rendelkezd ob]ektumokat eddigi, ilyen iranyu kutatasokat oOsszegezziik.
szamos  esetben, az  alapos  vizsgilatokat, Valamennyi régészeti lelet, amelynek archeometriai
elemzéseket mellézve, rogton mithelynek tekintik, vizsgalatit elvégeztik és e tanulmanyban
annak ellenére, hogy romai kori ¢és kora

Bevezetés

népvandorlaskori, egyértelmiien vaskohészatra
utal6 nyomot a mai napig nem sikerilt
dokumentalni hazank tertiletén (Gomori 2012, 32).
Ezért a feltart vasmiives hagyaték a tovabbi
kutatasokig, illetve a korabbi feltarasok esetleges
ujraértelmezéséig kizarélag a helyi
kovacsmesterségen  keresztlil  vizsgalhato. A
feltarasokon eléforduld salakok megnevezése a
szakirodalomban szintén problematikus, mivel azok
nyersanyaghoz ¢&s technologidhoz vald biztos
kapcsolasa (még a témaval foglalkozd régészek
esetében is) csupan anyagvizsgalatokkal lehetséges.
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prezentaljuk, a Koszta Jozsef Muzeum Régészeti
Adattaraba tartozik.

A lelohely és kormeghatdrozdsa

Nagymagocs — Paptanya lel6helyen 1983-1986
kozott  folytak  feltarasok  Vords — Gabriella
vezetésével, Osszesen 7 000 négyzetméteren. Az
egykori Magocs-ér magaspartjan megtelepedett
falut nagyallattartdo, foldmiiveléssel foglalkozo
népesség lakta. Emellett, ahogyan a kovetkezdkbol
kideriil, szamos kézmiiipar nyomat is sikeriilt
felfedezni és dokumentalni.



Archeometriai Mithely 2021/XVIIL./1.

29

Nagymagocs Paplanya
73/A-B vasmiihely
M= 1:20
1986. 08. 06.

d
§ E

- = = = a szaggaloll vonalon
beliil agyagos betoltés
talilhat6

0 20 40 60 80  100cm

1. abra: Nagymagocs-Paptanya lelohely 73. objektuma (Koszta Jozsef Mizeum Régészeti Adattar)

Fig. 1.: Feature 73 of Nagymagocs-Paptanya (Koszta Jozsef Museum, Archaeological Repository)

1. tablazat: A 73. objektum kiilonb6z6 részeibdl eldkeriilt keramia téredékek megoszlasa technologiai

szempontbol

Table 1.: Distribution of the ceramic finds of Feature 73

73. objektum nyesésébdl
sziirke korongolt 10db 6 db
kavicsos - 7db 4db
csilldmos
gyorskorongolt 1db 1db
kavicsos
kézzel formalt 7 db

A régészeti adatok alapjan a kozosség gazdalkodéasa
minden tekintetben onellaté lehetett.

A teleprészlet korhatdrozésa elsé sorban a keramia
leletek alapjan lehetséges, mivel a leletanyag dont6
részét ezek teszik ki. Az elézetes kozlemény a
leléhely id6rendi hataraiként a 4. szazad vége €s az
5. szazad kozepe kozotti idészakot jeldlte meg, ami
véleményiink szerint maig megallja a helyét (Voros
1998, 53-54).

A 73A-B objektumbol elokeriilt keramia leleteket
az objektumon beliilli helyiik, elkészitésiik madja,
valamint tipologidjuk szerint rendszereztiik ¢és
foglaltuk tablazatba (1. tablazat).
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omladékabol /B részébdl Osszesen /db
3db 5db 24 db
11 db
2db 1db 5db
7db

Az objektumbdl szarmazo, Osszesen 47 db
kerdmialelet koziil az egyik orsdkarika kis darabja
volt, amit egy edény oldalabol alakitottak ki
(2/1 abra), az Osszes tobbi edény toredéke. A
feltaras sorrendjében (nyesés, bontas) tartottuk
kiilon a leleteket, de ebbdl kiilondsebb
kovetkeztetést nem tudunk levonni. Mindaz, hogy
mar a nyesés szintjén is voltak cserepek csupan azt
jelenti, hogy az eredeti felszin lekopott, aminek
kovetkeztében az objektum felsé része sériilt. A
kopas mértékére nincsenek adatok. A cserepek
tobbsége az  objektum  belsejébdl, annak
feltoltésébdl keriilt eld.
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2. abra: A 73A-B objektum keramia leletei
Fig. 2.: Ceramic finds of Feature 73A-B
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A 73. objektum A ¢és B része a nyesés szintjén nem
volt egyértelmiien kovethets. Foként a betdltésiik
allagaban lehetett kiilonbséget észlelni, a 73A joval
lazabb volt, erésen hamus, tele nagy méretii patics
rogokkel és egyéb leletekkel. Az objektum bontasa
soran sem lehetett két hatdrozottan elkiiloniilé részt
megfigyelni, amibdl arra lehet kdvetkeztetni, hogy
valdjaban nem két objektumot, csupan a feltdltodés
kiilonboz6  fazisait lehetett megfigyelni és
dokumentalni.

Technikai kivitel szempontjabol a késé szarmata
telepekre altaldban jellemzd keramia Osszetétel
figyelheté meg, s6t a csoportok aranya is sokat
mondo. Legnagyobb mennyiségben a sziirke (22
db) és barna szinl (2 db), gyorskorongolt keramia
fordul el (Osszesen: 24 db), ezt kdveti a hazi
keramia korébe tartozd kavicsos-csillamos, lassu
korongon formalt (11 db), majd a teljes id6szakban
el6forduld, de idovel erdsen visszaszoruld kézzel
formalt darabok kovetkeznek (7 db). Végil a
gyorskorongolt, aprd kavicsos sovanyitasu, un.
szemcsés keramia zarja a sort (5 db).

A keramia anyag tObbségét kitevé un. sziirke
keramia néhany darabjan sikozas (2/3 abra),
besimitott vonal (2/4 abra) és felfényezett savok is
megfigyelhetéek  (2/5 abra), a  szinik a
vilagossziirkétél a feketéig szamos arnyalatot
mutat. Az oldaltoredékek kozott néhany darabon
lapos bordat, illetve sekély arkot lehet talalni, ezek
valdsziniileg kiilonb6zo tipust és méretii edények
valltoredékei. Ez a fajta diszités és feliiletkezelés
altalaban jellemz6 a késd szarmata telepiilések
anyagara. Bar a keramia toredékek tobbsége
edények oldalahoz tartozott, néhany darabnal
sikeriilt az eredeti format, ezzel egyiitt a funkciot is
meghatarozni. Az edénytipusok kozott 3 tal volt,
egyik behtzott, duzzadt peremii, gyorskorongon
formalt, vilagos sziirke darab (2/2 dbra), egy masik
sOtétsziirke talnak az aljat lehet azonositani.

A lasst korongon formalt (vagy utankorongolt),
kavicsos-csillamos sovanyitasu toredékek kozott
két perem is van, mindkettd fozéfazéké (2/6 és
2/7 abra). Erdekes, hogy az ebbe a csoportba
sorolhatd darabok (11 db) sovanyitdé anyagainak
(csillamos anyag, homok, Osszetdrt kavics és
gombolyli, apro kavics) Osszetétele és ezek aranyai
mennyire valtozatosak. Idérendi szempontbol
Vaday Andrea allaspontja maig elfogadott, aki a
keramia (zomében fazekak és  bogracsok)
megjelenését a 4. szdzad végére helyezte,
romai import leletek id6érendjével igazolta (Vaday
1984, 31, 41).

A kézzel formalt, durva kidolgozast, samottos
sovanyitasu, vastag fala toredékek kozott (7 db) egy
ritkabb, meredek peremi fazék is feltlint
(2/10 abra).
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A hatarozott korongolas nyomok alapjan néhany
edényt biztosan gyorskorongon formaltak, a
gombolyti, apr6 kavicsokkal és  homokkal
sovanyitott edények az un. szemcsés f6z6 fazekak
csoportjahoz tartoznak (2/8 abra). Egyik darabon,
egy aljtoredéken, jol latszik a korongrol levalasztas
nyoma (2/9 abra). Ez a keramia szamos vonasaban
kiilonbdzik az iill6i tipusi szarmata arutél, annal
joval vastagabb falu, anyagaban kevesebb a
sovanyito anyag (Masek 2014, 193-194).
Megjelenésében inkabb kothetd a gepida hazi
keramidhoz, de ennek bizonyitdsa tovabbi
vizsgalatokat és adatokat igényel.

Véleményiink szerint a telepiilésnek, ezen beliil
egyes objektumoknak is két fazisa kiilonithet6 el. A
73A-B szamu objektum elsd fazisaban eredetileg a
feltételezett kovacsmiithelyhez tartozhatott, tehat a
falu korabbi id6szakat jelenti. A  mihely
maradvanyait masodlagos helyzetben, roncsolodott
allapotban  sikeriilt csak megtaladlni, erdsen
keveredve hulladékokkal, kozottik  Osszetort
edények darabjaival. Az itt feltart keramia anyagot
szlikebb id6hatarra nehezen lehetne keltezni. A
masodlagos jelenség (a 73A-B objektum feltart,
megfigyelt allapotaban) viszont a telep késdbbi
fazisahoz tartozott, tehat nem kizart, hogy 5.
szazadi.

A Nagymagocs-paptanyai telepen tobb iparaghoz
kapcsolhatdé objektum is megtalalhaté volt,
altalaban a telepiilés sz¢élén, a hazaktol tavolabb es6
részen. A teriileten talalt agyagnyerd gdodrok és a
benniik talalt félig kidolgozott agyagcsomodk és
csillampaladarabok egyértelmilen megerésitik a
mar korabban Neubauer Jozsef altal dokumentalt
edényégeté kemence meglétét, és a fazekasmiihely
1étezését a telepiilésen. Emellett az asatd altal
fiisto16/aszalod mithelyként meghatarozott
objektumok ¢és az altalunk vizsgalt 73A-B
vassalakos objektum is a feltarasi teriilet szélén
helyezkedett el (Vords 1998, 61-64). Az
objektumok ilyen jellegli elkiiloniilése a telep tobbi
jelenségétdl szintén alatdmasztani latszik azok ipari
funkciojat. A telep 7 objektumabol keriiltek el
salakmaradvanyok - az 4satasi dokumentacio
(Koszta Jozsef Muzeum Régészeti Adattar) alapjan
a 4/B, 42., 45., 54., 65. és 69. godrokbdl, illetve a
73. objektumbodl - egy helyrdl pedig egy salakos
feliiletli tégely is napvilagot latott. A tégely és a
legtobb  salak, az 4satd6 altal vasmives
kovacsmiuhelyként meghatarozott 73. objektumbol
szarmazik (Voros 1998, 53-54). A 73A-B objektum
er6sen atégett feliiletén talalt vassalakokat mar
kordbban is a helyi vasfeldolgozasra utalo
nyomként, az elOkeriilt tégelyt pedig esetleg
szinesfémolvasztasra utalo nyomként
dokumentaltak (Voros 1998, 61-64). A 73A-B
objektumon kiviil el6keriilt, vasmiivességre utald
salakok szerepe a telepiilés ipardban a leletanyag
teljes kort feldolgozasaig még tisztazasra var.
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A maradvanyok kozott a vordsesbarnas, rozsdas
szinli darabok mellett tobb, azoktol eltérd
szerkezetli salak is volt. A gaziiregekkel erdsen
tagolt, szivacsos jellegli, néhol fényes feliiletii
salaktipus 6nalld6 darabokban, és a tégely erésen
olvadt salakos kiils¢ feliiletén volt megtalalhato.
Ezek mellett a leletanyagban tobb kisebb-nagyobb,
kimondottan kis fajsulyu, vilagossziirkés, sargés
szinti, iireges szerkezetli salak is volt, melynek
kiilsé feliiletén folyasnyomok is megfigyelhetok
voltak. A leléhelyen nem keriilt eld olyan
egyértelmiien ipari objektum, aminek tevékenysége
salakképzodéssel jarna egyiitt. A 73. objektum
vasmiives kovacsmiihelyként meghatarozott
funkciodjara is csupan a bel6le elékeriilt salakleletek
utalnak. Az objektumbdl eldkeriilt ont6tégely tobb
tevékenységhez kapcsolédd munkafolyamatbol is
szarmazhat. A salakdarabok és a tégely eredetéhez,
esetleges ipari tevékenységhez valo
kapcsolodasahoz csak archeometriai-
archeometallurgiai vizsgalatok révén keriilhetlink
kozelebb.

Az alkalmazott modszerek

A Nagymagocs-Paptanya leldhely salakjai koziil
Osszesen 8 darabot vizsgaltunk, beleértve az
emlitett tégely feliiletére olvadt tapadvanyt is. A
leletanyagban 1évé salakok koziil a morfologiai
szempontbol eltérd tipusokbdl vettiink mintat,
minél szélesebb spektrumban, annak reményében,
hogy a telepillés esetleg kiilonboz6 ipari
tevékenységeihez kotheté maradvanyait sikeriil
azonositani. Legeldszor a salakokbol vett mintak
kémiai Osszetételének meghatarozasa tortént,
Varian 710-ES  indukalt csatolasu  plazma
gerjesztéssel miikddé optikai emisszios
spektrométerrel (ICP-OES), a Furol Kft. 6zdi
analitikai laboratériumaban. Hasznalt vizsgalati
modszerek: 05-SAL, 11-SIL, 12-FEO,14-C-S, MSZ
ISO 2599:1993. A szén- és kéntartalom
meghatarozasa elektromos vezetdképesség alapjan,
LECO-késziilékkel, a két, illetve harom vegyértékii
vas kiilonvalasztasa pedig nedves kémiai
modszerrel, illetve szamitasok alapjan tortént.

A salakdarabokbdl levalasztott, kétkomponenst,
hidegen kotd miigyantadba 4gyazott, csiszolt,
polirozott és  2%-os  toménységli  nitallal
(salétromsav + metanol) maratott mintakat - mivel
elektromosan nem vezeté szilard mintdk - jol
vezetd anyaggal, aranyréteggel vontuk be. A
csiszolatokat a Miskolci Egyetem  Archeo-
metallurgiai Kutatocsoportjanak (ARGUM) tagjai,
az egyetem Fémtani, Képlékenyalakitasi ¢és
Nanotechnolégiai Intézetének EDAX Apollo-1V
energiadiszperziv (SDD detektoros)
mikroszondaval (EDS) felszerelt Zeiss EVO MA10
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pasztazo elektronmikroszkopjaval (SEM)
vizsgaltak. A SEM-képek visszaszort
(backscattered) elektronokkal késziiltek, a nagyobb
rendszamt elemek teriiletei vilagosabbak, a kisebb
rendszamtiaké  sotétebbek. A beépitett EDS-
mikroszonda  segitségével a  SEM-képeken
szamokkal megjelolt, lokalis, vagy a lathaté kép
teriiletének egészére érvényes, Aatlagos kémiai
Osszetételeket is meg lehetett hatarozni. Bar az
eljarés szoftvere tomegszazalékban és
atomszazalékban is 100%-os Osszegzéssel sorolja
fel a vizsgalt elemeket, a miszerrel csak a szénnél
nagyobb rendszamu, illetve legalabb 0.5 tdmeg%-
os mennyiségli elemek detektalhatoak teljes mérési
biztonsaggal.

Néhany mintat Bruker D8 Advance rontgen
pordiffraktométerrel (XRD) is megvizsgalt az
ARGUM mineralogusa, a Miskolci Egyetem
Asvanytani- és  Foldtani  Intézetében. A
diffraktométerben Cu-Ko sugarzast, 40 kV
gyorsitofesziiltséget és 40 mA katodaramot, Gobel
tiikorrel eléallitott parhuzamos nyalabot (0,6 mm
kimeneti réssel) és Vantec-1 helyzetérzékeld
detektort (1°-os nyilas) alkalmaztak. A pormintakat
alacsony hatteri (Si-egykristalyba ~ mart)
mintatartokba preparaltak. A kiértékelések soran, az
alkotok azonositasa Search/Match  kereséssel
tortént, az ICDD PDF2 (2005) adatbazisbol, a
BrukerDiffracPlus EVA szoftverében. A
mennyiségi eredmények a Bruker TOPAS4
szoftverében szamolva, Rietveld-illesztést
alkalmazva, SRM640a Si standardon meghatarozott
miszerprofil alapjan, az ICSD ¢és AMCSD
adatbazisokbol  vett  kristalyszerkezeti  adatok
alkalmazasaval adddtak. Az amorf anyag
mennyiségének meghatarozasa az ,,amorf pup”
modszerével tortént.

Vizsgalati eredmények

Az emlitett tégelyhez tapadt salak (1) mellett a 73.
objektum harom 06nall6 salakjabdl vett mintak (2-
6), illetve a 45. godorbol eldkeriilt salak mintainak
(7-8) kémiai Osszetételei lathatok a 2. tablazatban.
A tablazat az alapvetd salakosszetevoket oxidos
formara szamolva tartalmazza, a két és harom
vegyértékli vas ardnyanak meghatirozasa titralés
segitségével, illetve az Gsszes vastartalombol kiilon
kalkulacioval tortént. A mintak mért széntartalma a
tlizeldanyagként hasznalt faszén, esetleg szerves
tapadvany maradvanyai lehetnek. A tablazat
masodik felében, néhany minta esetében olyan
elemek minimalis (ezredszazalékos nagysagrendil)
mennyiségei taldlhatok, amelyeket a salakok
jellegének, funkcidjanak azonositdsa érdekében
szintén ellendriztiink ICP-OES-mddszerrel.
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2. tablazat: A vizsgalt salakmintak kémiai dsszetételei tomegszazalékban
Table 2.: Chemical compositions of the examined slag samples (wt%)
No. Jel6lés Si0; FeO Fe0;3 Al Oz CaO MgO MnO NaO P05
1 tégelyhez tapadt 76,47 034 291 10,08 257 241 020 319 0,9
salak-2014.4.1758.
2 salak-2014.4.1760 57,48 126 4,73 1091 1142 259 0,14 3,89 0,60
3 salak-2014.4.1760 54,09 4,02 430 897 14,08 3,78 025 3,06 1,92
4 salak-2014.4.1760 = 16,32 67,76 7,98 148 0,12 0,79 0,05 133 0554
5 salak-2014.4.1755 21,05 52,22 854 330 306 254 0,11 175 1,00
6 salak-2014.4.1741 34,69 4297 4,13 4,08 565 220 0,08 139 091
7 salak-2014.4.795 61,98 181 482 11,47 580 279 0,18 4,12 1,46
8 salak-2014.4.795 70,26 0,49 4,18 1189 200 286 0,39 3,14 0,46
2. tablazat, folyt.
Table 2., cont.
No. Jelolés C Cu Sn As Pb Ni Zn
1 tégelyhez tapadt
salak-2014.4.1758. 0,10 0,022 <0,001 <0,02 0,022
2 salak-2014.4.1760 0,11 0,077 0,007 <0,001 0,003 0,001 0,006
3 salak-2014.4.1760 0,26
4 salak-2014.4.1760 0,25
5 salak-2014.4.1755 0,20 0,023 0,009 <0,001 0,002 0,001 0,007
6 salak-2014.4.1741 0,34
7 salak-2014.4.795 0,39 0,013 0,002 <0,001 0,003 0,001 0,004
8 salak-2014.4.795 0,18

P

0

3. abra: A tégely tapadvanya (1. salak), a
mintavétel helyével

Fig. 3.: Adhered slag of the crucible with the place
of sampling
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A tégely (2014.4.1758) tapadvanyanak (3. abra)
kémiai 0Osszetételében a kvarc (SiO2) dominal,
emellett anyaga jellemz6en aluminium-szilikat,
amely az égetett agyagtégelyek, kemencefalazatok,
tizhelybélések jellemz6 vegyiilete. A  tégely
mérete, az livegszeriien csillogo, helyenként szines
szemcsékkel tarkitott tapadvany Osszetétele és
morfologiaja  leginkabb  az  iivegolvasztast
valoszinisiti. Ezt a tapadvany natriumtartalma is
megerdsiti, mivel a homokot altalaban szodaval
(Na2CO3) keverve olvasztottak iiveggé. Ezt az
elméletet tamasztja ala a minta
elektronmikroszkopos vizsgalata is. A vizsgalat
folyaman fémes, vagy feltételezhetéen egykor
fémes szemcséket nem talaltunk. A minta egy
jellemz6 SEM-képének (4. abra) szamokkal jelolt
pontjain  felvett lokalis spektrumok kémiai
Osszetételei a 3. tablazatban taldlhatoak. A salak
ireges, szivacsos szerkezetében felvett atlagos
spektrumot és a kiszamitott Osszetételt az 5. abra
mutatja.
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3. tablazat: Az EDS-vizsgalatok spektrumaibol meghatarozott dsszetételek tomegszazalékban
Table 3.: Chemical compositions measured by EDS (wt%)

Azonositd @) Na Mg Al Si P K Ca Ti Fe Zr
4. abra 1 pont 3426 181 2,70 740 329 069 330 79 129 7770

4. 4bra 2 pont 41,30 013 0,17 043 5717 015 014 010 0,14 0,28
4. 4bra 3 pont 2390 037 19 204 069 048 037 0,26 10,37 59,53
4. dbra 4 pont 41,45 011 025 048 5662 018 026 019 0,13 0,32
7. abra 1 pont 31,79 150 2,14 584 3462 065 6,21 1095 0,70 5,61
7. 4bra 2 pont 865 024 048 041 226 020 057 041 0,27 86,51
8. abra atlag 36,83 1,38 160 6,03 3537 466 7,68 0,78 5,67
11. 4bra atlag 17,42 057 068 110 38 049 0,70 120 0,24 73,76
13 4bra atlag 22,46 233 121 233 032 09 1,30 69,08

16. abra 1 pont 16,13 0,30 1,07 052 031 0,24 0,24 0,25 0,34 80,70
16. 4bra 2 pont 2349 015 703 0,23 1827 022 022 39 019 46,24
16. abra 3 pont 27,49 175 0,25 571 2525 085 1,72 1569 1,31 19,12 0,85

18/A. dbra atlag 34,16 136 2,00 9,41 35,72 408 432 069 827
18/B. abra 1 pont 32,82 0,05 0,19 0,45 65,83 014 014 011 0,27
18/B. dbra2 pont 39,28 1,70 134 8,85 36,66 337 556 033 292
19. 4bra atlag 3849 132 138 6,45 36,22 543 6,24 048 3,98

A 2. salak (2014.4.1760.) (6. abra) viszonylag kis
fajsulyt, iivegszeriien megfolyt, de nem az 1.
salakhoz hasonloan csillogd felszini. A kémiai
analizis alapjan a salak legnagyobb részét szilicium
teszi ki, ami mellett jelentés az aluminium és
kalcium tartalma. A SEM-vizsgalat gaziiregekkel
erdsen tagolt, heterogén szerkezetet mutatott.
Nagyobb nagyitasban az iiregekben (7. abra),
illetve a minta szélein vas-oxidos részek voltak
megfigyelhetdk, az azokat koriilvevd szilikatos,
minimalis vastartalmi teriiletek mellett. Ezeken a
terilleteken — szammal jelolve -  lokalis
spektrumokat vettiink fel. A jelolt pontok kémiai
Osszetételei a 3. tablazatban lathatoak.

4. abra: A tégely tapadvanyanak SEM-képe
Fig. 4.: SEM-image of adhered slag of the crucible
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5. abra: Az 1. salak atlagos EDS spektruma €s 0sszetétele
Fig. 5.: Average EDS-spectrum and chemical compositions of slag 1.
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6. abra: A 2. salak a mintavétel helyével
Fig. 6.: Slag 2 with the place of sampling

1

1 1 1 1

0 1 5 cm
8. abra: A 3. salak a mintavétel helyével

Fig. 8.: Slag 3 with the place of sampling

A 3. salak (2014.4.1760.) (8. abra) Gsszetételében
és makroszerkezetében hasonlit a 2. salakhoz, bar
felszine nem annyira tagolt. Kékessziirke,
ivegszerii felileti, kis fajsulyl, szivacsos
szerkezetii salak. Kémiai 6sszetételében a dominans
szilicium mellett jelentdsebb aluminium és
kalciumtartalma van, a 2. salakhoz képest el6z6
valamivel alacsonyabb, utdbbi pedig némileg
nagyobb értékben. Ezek az oxidos Osszetevok
jellemzéek a kemencék, (kovacs-) tlizhelyek égetett
agyagfalara is, amelybdl erodalt részek gyakran
keriilnek salakokba, befolyasolva a salakdsszetételt.
A minta SEM-vizsgalata alapjaban véve a 2.
salakhoz hasonld  mikroszerkezetet mutatott,
viszont néhany egyedi sajatossaggal. A 9. abran jol
megfigyelhetd a heterogén, tireges szerkezet, ahol a
vilagos szinl teriileteket vasban dis vegyiiletek
alkotjak. A 9.4bra teriiletén felvett atlagos
spektrum kémiai Osszetétele a 3. tablazatban
talalhato.
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Mag= 150X
WD = 14.0 mm

Signal A=CZ BSD Date :31 Mar 2015
EHT = 25.00 kv Time :12:13:48

100 pm* @

7. abra: Gazbuborékba zarodott vas-oxidos részek a 2.
salakban

Fig. 7.: Iron-oxide parts of slag 2 closed in a gas bubble

7= s 3
Mag Sig ZBSD Date

WD =13.0 mm EHT =25.00 kV Time :10:49:32

9. abra: A 3. salak mintajanak elektronmikroszkopos képe
Fig. 9.: SEM-image of slag sample 3.

A 4. salak (2014.4.1760.) (10. abra) vorosesbarnas,
rozsdas szind, tomor allagi. A kémiai elemzés
alapjan legnagyobb részben két vegyértékii vas
oxidjat (FeO) tartalmazza, ami mellett 7,98%-0s
Fe,Os-tartalmat  hataroztunk meg. A vizsgalt
salakok koziil a 4. minta vastartalma a legnagyobb.
A vizsgalt minta szélén jol lathatok voltak az
erdsebb oxidaciés folyamatok nyomai, kisebb
vasoxid-tartalmi sziirke sdvban. A 11. Abra SEM-
képén lathatd, hogy vilagosabb szinii, vasban
gazdag teriiletek alkotjak a minta nagy részét. A
mintaban felvett atlagos spektrum 0Osszetételét
szintén a 3. tablazat mutatja.

Az 5. salak (2014.4.1755.) (12.abra) a 4.
salakdarabhoz hasonld, voOrdsesbarnas, rozsdas
szinil, tomor allagl. A kémiai elemzés alapjan, a 4.
salakhoz hasonldéan, a minta legnagyobb részben
vasat tartalmaz, foként FeO formaban.
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10. abra: A 4. salak a mintavétel helyével
Fig. 10.: Slag 4. with the place of sampling

/

12. abra: Az 5. salak a mintavétel helyével
Fig. 12.: Slag 5. with the place of sampling

Az 5. salak SEM-vizsgélata folyaman a 2. és 3.
salaktol alapvetden eltérd, heterogén szerkezetet

talaltunk. Nagyobb nagyitasban tobb
mikroszerkezeti részlet is elkiilonitheté volt,
atolvadt, FeO-dendrites  szerkezet mellett

oktaéderes kristalyos szerkezet is elkiiloniilt. A
minta nagy kaliumtartalmu részei, a salakba ragadt
hamubol vagy agyagasvanyokbodl szarmazhatnak. A
13. abran lathatdo oktaéderes magnetit-kristaly
oxigénhianyos olvadékbol kristalyosodhatott ki,
kihtlés folytan. Spektrumanak Osszetétele a 3.
tablazatban lathato.

A 4. és 5. salak esetében rontgen pordiffrakcios
vizsgalatok is torténtek. A vizsgalatok Osszesitett
eredményét a 14.4bra mutatja. Az abran
feltiintetett asvanyok jellemz6 0sszetevoi az dskori-
okori, illetve kora kozépkori kovacssalakoknak
(Torok et al. 2013, 25-26). A két vegyértékii vasat
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Signal A=CZ BSD Date
EHT = 25.00 kV Time

Mag= 30X
WD =14.5 mm

11. abra: A 4. salak vasoxidban dus
mikroszerkezetének SEM-képe

Fig. 11.: Microstructure of slag 4 rich in iron-oxide

o b
Mag= 1.50 K X
WD =13.5 mm

Signal A=CZ BSD
EHT = 25.00 kV

10 pm* @m

Time :11:27:31

13. abra: Oktaéderes magnetit (Fe3O4) kristaly az 5.
salak nagy nagyitast SEM-képén

Fig. 13.: Octahedral crystal of magnetite in a SEM-
image of slag 5. at a higher magnification

tartalmazé wiistit (FeO) gyakran igen kisméretii
kristalyokbol all, a vas-oxid egy része viszont
feltételezhetéen rontgenamorf a mintdban. A
lepidokrokit és a goethit bizonyosan utélagos
oxidacio soran keletkezett, a wistit pedig
jellemzoen akkor keletkezik, amikor a felheviilt vas
hirtelen szabad levegdvel érintkezik. A leucit és a
nagyobb mennyiségii wiistit sokkal inkabb a
kovécssalakokra, mint vasbucakohészat salakjaira
(folyosalak, kemencesalak) jellemz6é (Selskiené
2007, 24).

A 6. salak (2014.4.1741.) a 4. és 5. darabhoz
hasonloan vorosesbarnas, rozsdas szinii (15. abra).
A kémiai elemzés alapjan, szintén az el6zd két
mintahoz hasonloan, legnagyobb részben vasoxidot
tartalmaz - f6ként szintén FeO forméajaban - illetve
az emlitett két masik salak &sszetételéhez hasonld
meértékben.
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14. abra: A 4. és 5. salak XRD-vizsgalatanak eredményei
Fig. 14.: Results of the XRD-examinations of slag samples 4. and 5.

5 cm

15. abra: A 6. salak a mintavétel helyével

Fig. 15.: Slag 6. with the place of sampling

Ebben a salakban 1is slrlin fordulnak eld
gazbuborékok, szerkezete iireges. Ezek az iiregek
inkabb zsugorodasbol keletkeztek és kevésbé
gazbezarodasbol. A 4. és 5. salakokhoz hasonléan a
6. salakban is megfigyelhetok voltak viszonylag
nagy vasoxid-tartalmu teriiletek (16. abra, 1. pont),
melyeket szintén jelentds, de kisebb vastartami,
nagyobb szilicium tartalmu teriiletek vettek korbe
(16. abra, 2, 3 pontok), amelyen belill a sotétebb
részek (3) Kalciumtartalma sokkal nagyobb. A
15. abra SEM-képének teriiletén lokalisan felvett
spektrumok Osszetétele a 3. tablazatban talalhato.

A 7. és 8. mintat a 45. objektumbdl eldkertilt, igen
valtozatos  szerkezeti jellegekkel rendelkezd
egyazon salakdarabbol (2014.4.795.)  wvettiik
(17. abra), éppen annak heterogenitasa miatt. Ez a
darab morfologiailag némileg eltér a tobbi salaktol;

Mag= 200X

Signal A=CZ BSD Date :31 Mar 2015
WD =13.5mm E

EHT =25.00 kV ime :12:37:34

16. abra: A 6. salak nagy vastartalmu teriilete (1) és a
koriilotte 1évé Fe-Ca-szilikatos részek (2, 3)

Fig. 16.: Area with high iron-oxide content (1) of the
slag sample 6. surrounded by Fe-Ca-silicate parts (2 and
3)

sargas, vilagossziirkés szin, helyenként szivacsos,
erdsen iireges szerkezet és kis fajstly jellemzi.

17. abra: A 7. és 8. minta salakja a mintavételek
helyeivel
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Fig. 17.: Slag samples 7. and 8. with the places of
sampling

Mag= 150X Signal A=CZBSD Date :15 Apr 2015
1% m WD =10.5mm EHT = 25.00 kV Time :15:29:16
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Mag= 500X Signal A= CZBSD Date :15 Apr 2015
WD = 9.0mm EHT = 25.00 kV Time :15:32:48

18. abra: A 7. minta jellemz6 SEM-képe (A) és egy nagyobb nagyitasu kristalyos (kvarcos) részlet (B)
Fig. 18.: A typical SEM-image of sample 7 (A) and a crystalline detail (quartz) at a higher magnification (B)

Mag= 100X Signal A=CZ BSD Date :15 Apr 2015
WD =10.0 mm EHT = 25.00 kV Time :15:42:43

19. abra: A 8. minta lireges szerkezetének SEM-
képe
Fig. 19.: Sponge-like structure of sample 8.

A kémiai 0Osszetételét tekintve, mindkét minta
esetében magas sziliciumtartalom figyelheté meg, a
vizsgalt mintak kozil - a tégelyhez tapadt,
vélhetden liveggyartasi mellékterméket kivéve - a
legnagyobb  értékben.  Emellett  legnagyobb
aranyban aluminiumot tartalmaznak. Vastartalmuk
a 2. és 3. salakhoz hasonléan igen alacsony,
natriumtartalmuk is hasonld mérték{i, kalcium
tartalmuk viszont az emlitett két mintahoz képest
sokkal kisebb. A 7. minta esetében a részben amorf
modon, részben  kristilyosan = megszilardult
szerkezet nagyobb nagyitasu felvételein
(18/B abra) magas szilicium-dioxid tartalmd,
kristalyos részek voltak talalhatok. A 8. minta
SEM-felvétele a minta egy masik részérdl
ugyanakkor  jellemzéen  szivacsos,  lireges
szerkezetet mutatott (19. abra), EDS-vizsgalata
viszont jellegében hasonlo értékeket adott, mint a 7.
minta esetében. A mintak lokalis és atlagos
spektrumainak kémiai dsszetételei a 3. tablazatban
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talalhatoak. A 8. minta esetében, nagyobb
nagyitasoknal talaltunk olyan teriiletet is, amelynek
atlagos Osszetételében némileg megnovekedett (13-
14%) Ca-tartalom volt detektalhato.

A 7. és 8. mintdk XRD-vizsgalata alapjan 30-40,
illetve 25-35 tomegszazalék kozotti amorf anyag
feltételezhetd, a hattéremelkedés alapjan. Mindkét
minta esetében 900-1000 °C kornyékén keletkezd
asvanyfazisok mutathatok ki (a kvarc mellett
diopszid, andezin, szillimanit, illetve kevés
magnezioferrit). A kvarc valosziniileg
maradvanyanyag, nem volt talalhato a SiOz-nak
egyéb  moédosulata, ami  olvadékbol  vald
kristalyosodast jelentene.

Az anyagvizsgalati eredmények értékelése

A Nagymagocs-paptanyardl szarmazo salakleletek
komplex archeometriai vizsgalata alapjan a
vizsgélati mintak alapvetéen két csoportba
oszthatok,  melyekben  tovabbi  alcsoportok
kiilonitheték el. Mindenképpen elkiilonitenddk a 4.,
5. és 6. salakmintdk, amelyek mar morfologiai
sajatossagai alapjan is vélhetéen vasmiivességi
tevékenységb6l szarmaznak. Kémiai Osszetételiik
szerint alapvetéen vasoxidok, azon beliil is a nagy
FeO (két vegyértékii vas oxidja) tartalom dominal.
Elektronmikroszkopos vizsgalatok alapjan
heterogén salakszerkezetet talaltunk. Megdermedt
szovetszerkezetiik és kristalyosodasi jellegiik jol
beillesztheté az altalunk korabban vizsgalt
vassalakok soraba (Gomori & Torok 2002; Torok
& Kovacs 2010; Torok et al. 2013; Torok et al.
2015). Mindazonaltal a SEM  vizsgalatok
alkalmaval prizméas poligonos szerkezetet is
talaltunk, amely felvetette a kérdést a salak eredetét
tekintve. Tobbek kozott ezért, illetve a vizsgalatok
komplexitasa érdekében vizsgaltunk néhany mintat
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rontgen-pordiffrakcios eljarassal is. A vizsgalatok
Osszesitett konkluzidjaként a 4., 5. és 6.
salakmintdk  olyan  vasmiivességhez  kothetd
darabok, amelyeknek heterogén szerkezetébe a
kovacstiizhely vagy kemence falabol szarmazo
maradvanyok is keveredhettek. A tevékenység, a
szakma minden valdsziniiség szerint kovacsolas, és
bar elméletben nem zarhatd ki a metallurgiai fazis
sem (a salakdsszetételek kapcsan nincs, ami ezt
teljesen kizarnd), de a salakleletek relative kevés
mennyisége, illetve a bucakemence salakok tipikus
formainak - pl. folyosalak (T6rok et al. 2018) - és a
bucakemencék, ércporkolok nyomainak  teljes
hianya ezt nem valoszinlsiti. Ugyanakkor a
kohositas és a kovacsolas salakjainak egymastol
vald megkiilonboztethetdségének szempontjabol a
foszfortartalom egyfajta indikator lehet, mivel
elézéekben — ércmindségt6l fiiggden - gyakorta
jelentds mértékben eléfordul, addig utdbbiban
sokkal kisebb mennyiségben — mint eseteinkben -
vagy egyaltalin nem (Selskiené 2007). Az
alacsony, vagy éppen hianyzd mangan- és
titantartalom is inkdbb a kovacssalakok felé
orientalja az azonositast, mivel ez a két elem inkabb
az ércekre jellemzd Osszetevd (Blackelock et al.
2009) ¢és a bucaeljaras folytin jellemzden a
kohotelepeken maradt salakokban képvisel nagyobb
értékeket. Az asvanytani vizsgalatnal megallapitott
leucit tipikusan kalium-dus, szilicium-szegény
olvadékbol kristalyosodhat ki, de lehet akar szilard
fazisu, termikus reakcié eredménye is (Koch &
Sztrokay 1966), azaz szarmazhat huzamosabb ideig
1000-1400 °C-os  hémérsékleten  hasznalt
kovéacstlizhely, vagy valamilyen kemence kiégett
agyagabol. A tobbi salakminta vizsgalata nem
hozott olyan eredményt, amely alapjan barmelyiket
egyértelmiien vas- vagy egyéb fémmivességi
tevékenységhez lehetne kotni. A vizsgalt darabok
ugyanakkor valamiféle tlizhely vagy kemence
agyagbol tapasztott oldalabol szarmazhattak, akar
egyszer, akar tobb alkalommal 1000 °C koriili,
vagy €éppen nagyobb homérsékletre tortént hevités
soran  keletkezett,  salakszeri  képzddmény
formajaban. Az agyagsalakok nagy hdomérséklet
hatdsara a kemence agyagos, tapasztott részébol
keletkezhettek és részben fizikai hatasra valhattak
le. Thzeseteknél (haztiiznél) hasonlo jellegli anyag
ég ki példaul a tapasztott paticsbol.

Ezek sorabol némileg kilog a tégely oldalarél
levélasztott tapadvany (1. minta). A tapadvany
morfologiai  sajatossdga, kémiai  Osszetétele,
mikroszerkezete  leginkabb  {ivegolvasztashoz
kapcsoloddo  melléktermékre utal. Az {iveg
alapanyaganak elkészitésére szolgalo  tégely
anyagabol, a hevités folyaman habos, szivacsos
salakszeri anyag olvadt ki, amely alapvetden
aluminimum-szilikat. Ez keveredhetett a tégelybdl
szarmazo félkész iivegalapanyaggal (kvarc, homok,
szoda).
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A nagymdgocsi 73. szamu, salakos
objektum értékelése a szarmata
kovacsmiihelyek tiikrében

A nagymagocsi telep esetében lehetséges, hogy a
73. objektumot koradbban valamilyen ipari célra
hasznalhattak. Sajnos nem Keriilt el6 a korabbi
mithely miikodéséhez kapcsolhatd kemence vagy
kovacstiizhely, amihez a salakokat kapcsolni
tudnank, igy ezek értékelése is nehezebb. A feltaras
képi és irasos dokumentacidja alapjan gy latszik,
hogy a korabban esetleg mihelyrészként, vagy
valamilyen ipari célra hasznalt objektumot
valamiért megsziintették vagy megsemmisiilt.
Ezutdn alakithattdk 4t az objektumot, ¢és
hulladékgodorként hasznosithattak. Erre utal, a
73/C objektumrész tapasztott aljrésze, mely esetleg
a korabbi ipari tevékenység szinteréhez tartozhatott.
A dokumentéaci6 alapjan a 73/C objektumrészt
vagta a 73/A objektum, mely esetleg a mihely
felhagyasa utani tereprendezéshez, vagy esetleg
még az objektum mikodéséhez kapcsolhato
iddszakos bdvitéshez kothetd.

A 73. objektum betoltésébol eldkeriild rengeteg
paticstoredék eredetileg a feltételezhetd épiiletben
kialakitott kemencéhez vagy tlizhelyhez
tartozhatott. Ezek alapjan a feltart objektumbdl az
elpusztult mithely maradvanyai keriiltek eld, tehat
az elpusztult kemence maradvanyai, a mithelyben
létrejott salakok és ipari hulladékok, valamint az
egyik 1zott tevékenység eszkozkészletének egyik
darabja, a tégely.

Végigtekintve a szarmata vasmiives telepiiléseken,
a mihelyekre és a helyi fémmegmunkaldsra
vonatkozoan eltérd, és sok esetben kérdéses
funkciéju munkateriileteket és ipari objektumokat
talalunk. A leléhelyek kozott a szdérvanyos
vasiparthoz kotheté leletanyag ¢és objektumok
mellett minddssze két leldhelyen keriilt eld
teljesnek  mondhaté  szarmata kovacsmiihely
(Kulcsar & Jakab 2009, 55-65; Lonhardt 2014;
Székely 2012; Székely 2015). A Nyiregyhaza-
Rozsrétszl6 36/c és Ullé 5. lel6helyen feltart
kovacsmiihelyek félig foldbemélyitett mithelyek
voltak, melyek kordbban esetleg hazakként
funkcionalhattak, és amelyeket a mihellyé alakitas
soran kibdvithettek. Mindkét leléhelyen miihelyhez
tartozd  kovécstlizhely maradvanya, rengeteg
vassalak és kovacsreve keriilt eld. Ulld nyomai
mind az lléi, mind a rozsrétsz6léi leléhelyen
megfigyelhetdk voltak, viszont szerszamok csak az
utobbi leldhelyen keriiltek eld (Kulcsar & Jakab
2009, 59; Lonhardt 2014). Az iilléi miihely sziik
kornyezetében tobb kérdéses funkcioju, atégett falu
objektumot tartak fel, melyek valoszinileg a
kovacsmithely mukodésével allhattak kapcsolatban
(Kulcsar & Jakab 2009, 59).

Tobb  vassalakos  lel6helyen  dokumentaltak
tizhelyre, illetve kemencére utald6 nyomokat,
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viszont ezek tobbségérél hianyos informaciok
allnak rendelkezésiinkre. Berettyoujfalu, Nagy
Bocs-diilon a két el6z6 leldhelyhez hasonlo, foldbe
meélyitett objektum kdzepén elhelyezett
kovacstiizhelyet tartak fel, azonban tovabbi
informacié nem all rendelkezésiinkre (Dani et al.
2006, 5-32). Katymar, Téglagyaron ttizhelyfenék és
egy kemenceszeri épitmény nyomait (GOmori
2000, 89-90.), Soroksaron pedig vaskohaszati
tevékenységhez kotott kemencét tartak fel (Petd
1991, 223). Tekintve, hogy a kemence belsejében
salakanyag nem kertilt eld, és méreteit tekintve is
nagyobb a hasonlé célokra hasznalt kohoknal és
kovacstiizhelyeknél, vasipari funkcidja kérdésesnek
mondhaté (Goéméri 2000, 177). Szegvar-Oromdiild
és Biharkeresztes, Artand-Nagyfarkasdomb
leléhelyek  kevert  etnikumu  kozdsségeinek
telepiilésein vasolvasztd kemence/koho
maradvanyait dokumentaltdk (Istvanovits et al.
2005, 63, 79; M. Nepper 1984, 226), de a kemencék
pontos  felépitésére  vonatkozéan  nincsenek
informacidink, ami hidnyaban kohdoként vald
értelmezésiik is megkérddjelezhetd.

A nagymagocsihoz hasonlo, tobbtagl
godorkomplexumot Ecser 7. szamu leléhelyén
tartak fel. Az asatok megfigyelése alapjan a
korabban anyagnyerd helyként hasznalt
godoregyiittesek  aljan  flistdléket, kemencéket
alakitottak ki és egyéb tiizeléssel kapcsolatos
tevékenységet  folytattak. Az egyik ilyen
objektumbol nagyszamu vassalak, ércporkolok és 3
darab vasbalta is elékeriilt (Kulcsar et al. 2006,
231-233). A telepen folytatott tovabbi feltaras soran
ontotégely darabok és  Ontésb6l  szarmazd
melléktermékek, illetve egy  fjtatonyilasos
tapasztasdarab is napvilagra keriilt (Tari et al. 2007,
194-196). Véleményiink szerint a nagymagocsi
objektum tobb periddusra kiterjedé hasznalata és
tobbfunkcios jellege okan jol beleillik az eddig
feltart szarmata vasipari objektumok soraba, viszont
pontos ipari funkcidja a rendelkezésre allo adatok
alapjan nem allapithaté meg biztosan.

A nagymagocsi tégely szerepe a telepiilés
ipardaban

Az utobbi évek alfoldi szarmata telepein tobb
alkalommal keriiltek el6 a nagymagocsihoz hasonlo
kivitelezésti Ont6tégely maradvanyok, melyeket
bronz- és 6lomontéshez hasznaltak - Ofoldeak-
Urmés, M43 9-10. leldhely; Kiskundorozsma,
Daruhalom-dalé II1.; Kecskemét, Mercedes RL, 5.
lel6hely (Séskuti 2014); Ecser, 7. szamu lel6hely
(Tari et al. 2007, 194-196); Tiszafoldvar-Téglagyar
(Vaday 2005, 151-198) - de teljesnek mondhato
feltart muhelyt csupan Tiszafoldvar-téglagyarrol
ismeriink. A telepeken folytatott fémmiives ipar
jellegére az elokeriilt olvadékok ¢és fémsalakok
utalnak. Az ofoldeaki, kecskeméti és
kiskundorozsmai lelhelyeken bronz- és
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6lomontésbdl  szarmazé  olvadékok — mellett
vassalakok is el6fordultak (Soskuti 2014), ami azt
bizonyithatja, hogy a teleptilésen
szinesfémolvaszto- és vasmegmunkaldo mihely is
mitkodott. A nagymagocs-paptanyai telep esetében
az anyagvizsgalatra kivélasztott mintdk egy része
egyértelmiien alatdmasztotta a telepiiléshez tartozd
vasmiives mihely mikodését, azonban az
egyértelmi szinesfémolvasztishoz kothetd
maradvanyok hidnyaban a tégelyt csupan a korabeli
szarmata telepek hasonlé leletei alapjan tudnank a
szinesfémolvasztashoz kotni. Ennek ellenére
lehetséges, hogy a telepen elékertilt tovabbi salakok
kozott  szinesfémolvasztas — melléktermékeként
létrejott salakok is vannak, viszont ismerve a
lelhely salakleleteit azok csoportositdsa csupan
morfologiai jellemzok alapjan nem lehetséges. Ezek
alapjan a tégely funkcidjanak meghatarozasahoz
jelenleg csupan a korabeli analdgiak és a tégely
anyagvizsgalati eredményei allnak
rendelkezésiinkre.

A tiszafoldvar-téglagyari  mihelyben  feltart
ont6tégelyek agyagbol késziiltek, egy résziiket kis
kiontécsovel is ellattak. A lekerekitett alju, kapos
edénykék koziil sok példany erdsen megégett. A
kiils6 feliiletiiket boritd lefolyt bronz és tivegesre
olvadt szilikat salak arra utal, hogy a tégelyeket
nem csupan egy, hanem tobb ontési folyamat soran
is hasznaltak (Vaday 2005, 159). Doina Benea a
daciai roémai taborokban feltart oOntétégelyeket
méreteik  alapjan  két  csoportra  0sztotta,
kiilonvalasztva a 6-9 cm-es bronzontésre-, és az
1,8-3,5 cm magassagi, nemesfémek Ontéséhez
hasznalt tégelyeket. Ezeket a tipusu kisméretii
ontétégelyeket finomabb agyagbdl készitették, és
kiils6 oldalukat védoréteggel lattak el, hogy a
lecsoppend fém ne tapadjon a tégely feliiletére.
Leginkabb kimondottan kisebb targyak, ékszerek,
ruhdzati kiegészit6k készitésére specializalodott
mithelyekben voltak hasznalatosak (Benea 2002 37;
Schwartz 2011, 60).

A tiszafoldvari tégelyek a daciaiakhoz hasonldan
lefelé sziikiilé, kapos alakuak, és bar 3,9 cm-es
magassagukkal kozelebb allnak a kis targyaknal
hasznalt dntdtégelyek csoportjahoz, mégis a Benea
altal meghatarozott két kategoéria kozé esnek. Ez
alapjan felmeriil a kérdés, hogy a méretbeli eltérés
magyarazhat6-e csupan az eltéré barbar otvos
technikdval (Schwartz 2011, 60). A pannoniai
bronzmithelyekben eldkeriilt tégelyek ennek
ellentmondani latszanak. A provincia teriiletén
feltart tégelyek méretiiket tekintve 4,5 cm-es Kis
daraboktol egészen a 12,2 cm-es nagyméreti
darabokig valtozatos formaban ¢és kialakitasban
talalhatok meg. A pannoniai tipusokra leginkabb a
tiszafoldvari és nagymagocsi tégelyekhez hasonlo
kénikus, cstcsos aljkiképzés jellemz6. Ez a
kialakitds segitette a legjobban a gyorsabb
hovezetést és a fém olvadasat (Sely 2013, 89). A
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pannoniai darabok altalaban sziirke sziniire égetett
agyagbol keésziiltek, feliiletiikon kisebb kavicsokbol
alloé szemcsés sovanyitas nyomai figyelhetok meg.
Ez legjobban azoknal a salakmentes tégelyeknél
figyelheté meg, melyek nem voltak hasznalatban,
és keramia feliiletiik jol lathato (Sely 2013,89-90).
Gyartasukndl a korabban haszndlt, 0Osszetort
példanyok darabjait az 1j tégely anyagéhoz adott
sovanyit6 anyagként hasznosithattak.

Figyelembe véve, hogy a tégelyek a fém
hevitésekor nagy homérsékletnek voltak kitéve,
oldalukon a keramia anyagabol a hevitésre reagalo
karbonat-dus anyag kiégett, liveges salakréteget
alkotva a tégely oldalan. Ez a kiolvadt salakanyag
olyan, mint ami a nagymagocsi tégely kiilsé
feliiletét is teljesen beboritja.

A tovabbi kutatdsok sordn érdemes lenne tovabbi
salakleleteket anyagvizsgalat ald vetni, illetve az
eddig  eldkeriilt tégelyeket Osszehasonlitani.
Jelenleg a tégelyek fajtai és a benniik olvasztott
fémek kozotti Osszefiiggésekre nincsenek pontos
adataink. Sely Nikoletta a pannoniai darabok
kapcsan veti fel annak a lehet6ségét, hogy a kisebb
hébirasu, sarga szinli, vékony fali tégelyeket
kifejezetten 6lomontésre hasznalhattak (Sely 2013,
89-90). A szarmata Barbaricum teriiletén elSkerilt
példanyok vizsgalataval az Olom- és bronzontés
folyamataira, a leletek Osszehasonitasaval pedig
technologiai hatterére vonatkozéan juthatnank
tovabbi informacidkhoz.

A Nagymagocs-Paptanyan feltart tégely az
anyagvizsgalatok eredményei alapjan eltér a
szinesfémontéshez hasznaltaktol. A tégely kiilsé
oldalat beboritd, livegszeri anyag a kémiai és
mikroszképos  vizsgalati eredmények alapjan
tivegolvasztashoz kapcsolhato salak, amely egyuttal
a tégely anyagabdl kiolvadt, szilikdtos anyagbol is
all. A kémiai elemzés semmilyen
szinesfémolvasztasra utald 9sszetevot nem mutatott
ki mérvadé mennyiségben a salak Osszetételében.
Amennyiben szinesfémolvasztashoz hasznaltak
volna a tégelyt, a salakban - még ha csak kis
meértékben is - de kimutathatok lettek volna annak
nyomai.

A szarmata Barbaricum teriiletérél eddig nem kertilt
eld egyértelmi, anyagvizsgalat eredményeivel is
igazolt, livegolvasztasra utald6 nyom. Bar Abony,
Kis  Mihdaly-t6 dilé szarmata lelShelyén
iivegolvasztasra utald salakokat is emlitenek
(Madaras & Dinnyés 2004, 150), éppen a
nagymagocsi salakleletek vizsgalatanak eredményei
mutatnak ra arra, hogy a salakok ipari
technologiahoz valo kapcsolasa, csupan
morfologiai tényez6k alapjan, anyagvizsgalatok
nélkil (a jellegzetesnek mondhatd leletek esetében
is) er6sen megkérddjelezhetd.

A korabeli tiveg harom f6 nyersanyaga a homok, a
mészk6 és a natir szoda volt (Forizs et al. 2012,
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469). A kvarchomok magas olvadaspontjanak
csokkentése érdekében natrium- és/vagy
kaliumtartalmi folyositd anyagok segitségével az
olvadaspont csokkentését, a mészkd hozzaadasaval
pedig a kémiai stabilitast tudtak biztositani (Forizs
2008, 114-115). A gyartas soran nyersiiveg rogoket
hasznalhattak, illetve a torott iivegeket is ujra
felolvasztottak, mivel ezek  segitették  ¢és
meggyorsitottak a nyersanyagok Osszeolvadasat. A
kerdmiabol vagy kobol késziilt olvasztotégelyek
mérete az olvasztokemence nagysagatol és az
olvasztandé iiveg mennyiségétdl fliggott (Dévai
2013, 87-89). Anyaga ¢és mérete alapjan a
nagymagocsi, viszonylag kisméretii (3 cm magas)
tégelyt iveggyongyok alapanyaganak
olvasztasahoz hasznalhattak.

crer

A korabeli iivegmiivesség technologidjahoz
kapcsolodo legujabb kutatasokat a Brigetio-ban
(Komarom-Szony, Vasartér 13. leléhely) feltart
romai  livegmilhely kapcsan folytattak. A
Pannoniaban feltart tivegmiihelyek koziil elsdként a
brigetioi ivegkészité miihely leleteit vetették ala
miiszeres analitikai vizsgélatoknak, sajnos azonban
ebben az esetben sem salakokat, hanem kész
termékeket és hulladék anyagot vizsgaltak (Forizs
et al. 2012, 469).

A Szegvar-oromd(léi  avar  leletanyagban
felbukkand, a szarmata sirokbdl szarmazd
iveggyongyok kapcsan tobb Csongrad megyei
lel6hely szarmata {iveggyongyleletein végeztek
vizsgalatokat, ami alapjan két fo alapiiveg tipust
kiilonitettek el. A provinciakbdl szdrmazd rémai
alapiiveg tipus mellett a szarmata leletanyagban
szamottevOen jelen vannak a mezopotamiai tipusa
alapiivegbdl késziilt, keleti mithelyekbdl szarmazo
termékek is (Forizs et al. 2001, 69-73). A Daciaban
Benea altal lokalizalt tibiscumi, szinte kizarolag
iveggyongyoket gyartd mihelyhez (Benea 1995,
193-200) hasonldéan az eldkeriilt leletek alapjan a
brigetioi miihely {6 terméke is az {iveggydngy volt.
A brigetioi mithelyben feltart rémai
gyongytipusoktol eltérd darabok arra utalnak, hogy
Brigetioban a tibiscumi mthelyhez hasonldéan a
Barbaricum népei szamara is  készithettek
gyongyoket (Dévai & Gelencsér 2012, 73-74). A
mezopotamiai alapiiveg alapvetéen homok, mészkd
€s sotliré novény hamujanak keveréke (Forizs 2008,
115-116; Férizs et al. 2001, 73).

Sajnos a salakleletek alapjan az alapiiveg tipusa
nem hatarozhatd meg. A nagymagocsi tégely
kapcsan is felmeriil a kérdés, hogy ezekben az
esetekben a keleti miihelyek csupan a késztermékek
(gyongyok) vagy esetleg az iivegolvasztashoz
sziikséges folyositd anyagok szarmazasi helyei is
egyben (Forizs 2008, 119). Ennek eldontése még
tovabbi, sokrétii kutatast igényel.

A feltételezhet6en tivegolvasztashoz hasznalt tégely
a Nagymagocs-paptanyai leletanyagban nem
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feltétlenil  determinadlja a telepen  torténd
tivegolvasztast, mivel az egyéb salakokkal egyiitt,
az utolsd periddusaban mar szinte biztosan csak
hulladékgodorként hasznalt objektumbol kertilt eld.
A telepiilés leletanyagaban raadasul csupan egy
liveggyongy és minimalis tivegszilank keriilt eld.

Az elhanyagolhaté mennyiségli iiveg maradvany
természetesen nem zarja ki azt a feltételezést - ami
a telephez tartozd kovacsmithely esetében is
fennall-, hogy az iiveggyartas a tobbi tlizveszélyes
mithellyel egyiitt a telepiilés kiilsé zondjara (ebben
az esetben a feltaratlan teriiletekre) lokalizalhato.

Osszegzés

Végigtekintve a szarmata eredetli, feltételezhetéen
vasmiives telepiiléseken, a mihelyekre ¢és helyi
vasmegmunkaldsra vonatkozdéan eltéré és sok
esetben kérdéses funkciojii munkateriileteket, ipari
objektumokat és salakleleteket talalunk. Az
objektumok és az iparrégészeti jellegii leletek
meghatarozasa nem konnyl feladat, és sajnos a
legtobb esetben igen koltséges vizsgalatokra csak
ritkan kertilhet sor.

Esetiinkben a salakok, salakszerli anyagok
archeometriai vizsgalatai révén igencsak valtozatos
képet kaptunk. Azonosithatd volt vasmiivességhez
kothetd  melléktermék, amely jo6 parhuzamba
allithaté mas alkalommal, mas korszakbol (kelta,
avar, Arpad-kori) szdrmazo, konkrét mithelyekhez
kothetd  salakok  vizsgalati  eredményeivel.
Ugyanakkor olyan mintakat is vizsgalhattunk,
amelyek nem annyira fémmiivesség kozvetlen
salakja, hanem inkabb jelentds hohatds miatt
kialakult patics-jellegii, salakszerii melléktermék
lehetett, akar tlizhely vagy kemence agyagfalabol
kiolvadva. A tégelyr6l levalasztott, minden
valészinliség  szerint  {ivegkészités  mellék-
termékeként azonosithaté tapadvanydarab pedig
végképp exkluzivva tette a vizsgalati palettat.

Reméljiik, hogy a Nagymagocs-Paptanyan eldkertilt
salakleletek komplex vizsgalatainak eredményei, -
kivaltképp a Karpat-medencei szarmata
leletanyagban ez idaig egyediilallo iivegolvasztasra
hasznalt  tégely -  tovabbi  archeometriai
vizsgalatokat iranyoz eld nem csak az Ujonnan
feltart, de a mar kordbban muzeumi gyiijteménybe
vett leletanyagok esetében is.

Koszonetnyilvanitdas

A szerzék ez Gton is megkoszonik Kovacs Arpad
(ARGUM - SEM-EDS vizsgalatok), Kristaly
Ferenc (ARGUM - XRD vizsgalatok) és
Hangonyiné To6th Gréta (FUROL Kft. — ICP-OES
vizsgalatok) segitségét, az anyagvizsgalatokban
torténd kozremiikodésiiket, illetve S6s Danielnek a
mintavételben, illetve annak képi megjelenitésében
nyujtott segitségét.
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Abstract

Moisture and salt-induced damages are common problems at heritage sites and buildings. Efficient solutions for
complex salt-related problems frequently require the in-situ monitoring of surface changes (i.e. the behavior of
salts and moisture) along with the periodical presence of an observer on-site, which is a time-consuming
procedure. In the frame of this study, two simple, automated units were developed in order to investigate the
changes caused by salt crystallization on a plastered laboratory test surface and an interior masonry structure.
We present the development of remotely managed, automated, single-board computer-based condition survey
units and the preliminary experience obtained during the test phases under laboratory and on-site conditions.
The tests showed that our low-budget systems are able to monitor the alterations on the surfaces and detecting
the climatic changes during the measuring period. The comparison and correlation of climatic data and digital
images allow a direct interpretation of the behavior of salts on the surface.

Kivonat

Orékségi teriileteken, védett épiiletek esetében dltalanos problémdanak tekinthetok a nedvesség és sékdarosodasok
okozta gondok. Az Osszetett sokdarok hatékony kezelése gyakran igényli a sériilekeny feliiletek folyamatos
helyszini monitorozasat (a so- és nedvességhatasok viselkedésének kovetését), amely egyrészt iddigényes
tevékenység, masrészt a megfigyelo rendszeres, helyszini jelenlétét teszi sziikségessé. Jelen kutatas keretében két
egyszeril automatizalt megfigyelé egység fejlesztésére keriil sor a sokristalyosodasok altal okozott valtozasok
laboratoriumi tesztfeliileten és helyszini, beltéri falfeliileten valo megfigyelésének céljabol. A tavolrol
vezerelheto, automatikus egylapos szamitogép (single-board computer) alapu dllapot-megfigyelé allomdasok
fejlesztésével kapcsolatos eldzetes tapasztalatokat mutatunk be laboratoriumi és vilaghaloval tamogatott
helyszini koriilmények kozott. Az elbzetes eredmények alapjin az dltalunk fejlesztett alacsony kiltségvetésii
rendszerek alkalmasnak tinnek a tesztfeliilet valtozasainak monitorozasara és a klimatikus koriilmények
dllapotadatainak egyidejii rogzitésére. A digitdlis képek és a klimaadatok osszevetése lehetévé teszi a
sokarosodasok és a klimaparméterek kozotti kézvetlen dsszefiiggések értelmezését.

KEYWORDS: CONDITION SURVEY OF BUILDINGS, AUTOMATED DIAGNOSTIC SYSTEM, IOT-BASED BUILDING
MONITORING

KULCSSZAVAK: EPULETEK ALLAPOTFIGYELESE, AUTOMATIZALT DIAGNOSZTIKAlI RENDSZER, |0T ALAPU
EPULETMONITOROZAS
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Introduction

Problems caused by the combination of moisture
and damaging salts are well-known phenomena at
heritage sites and historic buildings. The
appearance of moisture and salt damage in
historical and contemporary structures can be
provoked by several factors, which have been
discussed by many studies in detail (e.g. Hees at al.
2009; Grassegger & Schwarz 2009; Siedel 2009;
Lopez-Arce et al. 2009, Briiggerhoff et al. 2009,
Ferdyn-Grygierek et al. 2020).

The exact identification of salts and the
interpretation of their role in provoking damages
require a sophisticated approach that has to take
into account many parameters of complex mineral
systems. The most critical factors determining and
influencing the behavior and distribution of salt
systems are:

- petrophysical characteristics of the affected
materials;

- the possible presence of chemically reactive
and/or soluble components contained in them;

- climatic conditions of the external environment
and thermo-hygric parameters of the pores;

- kinetics of reactions to achieve equilibrium under
given external and internal conditions.

Due to this complexity, the successful solution of
salt-related problems in conservation and civil
engineering requires the combination of qualitative
and quantitative analysis of the components, the
determination of their distribution, and the study of
their behavior under the given environmental
parameters (Blduer-Bohm 2005).

The investigation of salt-laden mineral materials
comprises different analytical methods used to
determine the crystalline salt phases directly by e.g.
optical and electron microscopy, XRD and FTIR, or
measuring the ionic composition of aqueous
solutions by ion chromatography or ICP-MS
(Steiger et al. 1998, Blduer-Bohm 2005). While
phase analyses offer a prompt and accurate
identification of salts, and this information is often
indispensable when interpreting the behavior of a
complex salt system, they can only provide
selective data about components crystallized on a
surface at a certain time (Blduer-Bohm 2005). On
the contrary, bulk chemical analyses recording
water-soluble salt components allow more detailed
insight into the nature of a salt system.
Nevertheless, the behavior of such systems can only
be accurately interpreted if the measured quantity
of ionic salt components is obtained as a function of
the changing climatic parameters. Although there
are thermodynamic models that can fulfil the above
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requirements (Bionda 2002-2005; Steiger 2009),
exact sampling, accurate analytical work, and
sufficient experience are indispensable factors to
obtain clear results (Steiger & Heritage 2012).
Consequently, the in situ, automated (long-term)
monitoring of changes occurring on (rendered)
surfaces of masonries along with data acquisition
can provide direct information about the climatic
dependence and behavior of moisture and/or salt-
induced damages in the structure without knowing
the exact compositions of the salts in the substrate.

Some research already established a proper system
for diagnostics and monitoring of the condition of
historic buildings and sites (Hees at al. 2009; Laue
at al. 2009; Juling & Franzen 2009; Bruno at al.
2018), and recently the automation of some aspects
of the monitoring has also been tested by Internet of
Things (10T) based technologies such as wireless
sensor networks (WSN) (Madakam et al. (2015).
Further interesting aspects can be found in the
research of Zehnder & Schoch (2009), who applied
an automated system for on-site monitoring of
efflorescence on stone surfaces using suspended
hand-cameras, or in the investigation of Perles et al.
(2018) who applied networks of sensor nodes for
data collection purposes on a heritage site.

The goal of the research was to develop a system to
collect climatic data and monitor the changes (i.e.
the behavior of salts and moisture) on a wall
surface without continuous human presence at the
same time. The used tools are loT-based automated
inspection units with Wi-Fi and web-connection,
which, according to our future development plans,
can later be elements of a system for the regular
remote monitoring of historic sites and buildings.

The 10T devices demonstrated here were used to
take digital images and detect the temperature and
relative humidity automatically in previously
defined time intervals making a continuous human
presence on the sites unnecessary. Consequently,
the above configuration allows a remote
interpretation of the collected data and the constant
analysis of the surface condition.

Research method

The 10T devices for condition monitoring

In the frame of the project, two units were
developed. The base unit was comprised of a
Raspberry Pi Zero W single-board computer (SBC)
equipped with a Raspberry Pi V 2.1 camera
module. The first unit (Fig. 1.) was used in a
laboratory environment; the second one (Fig. 2.)
was installed for on-site monitoring. In both cases
Raspbian Linux operation system was installed on a
16-gigabyte micro SD card that was used for data
storing at the same time.
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In this setup the two units are more than a data
logger or a sensing node, as both were equipped
with cameras and were running a full functioning
operating system.

In the first unit, the Raspberry Pi was extended with
a Grove Base Hat to connect the sensors with the
relays. Relative air humidity (RH) and temperature
(T) were measured by a CMOSens® chip-based
capacitive SHT31 Grove I°C temperature and
humidity sensor (accuracy is £2% RH and +0.3°C).
The moisture in the test plaster was recorded by an
analogue conductivity moisture sensor (Grove
Moisture Sensor v1.4) placed 20 mm into the
substrate (Fig. 1.). To ensure stable light conditions
for the digital images, an LED lamp was used that
was supplied by electric power individually.

Two relays were used to switch the LED light and
to switch off the power of the moisture sensor to
reduce the possibility of its corrosion in the
substrate.

The second unit (Fig. 2.) was equipped with a
DHT22 capacitive temperature and humidity sensor
(accuracy is +2% RH and +0.5°C) and a 3.3V relay
for switching a USB LED light connected directly
to the SBC, so the light this time was fed from the
same power supply as the Raspberry Pi Zero.

The cost of the first monitoring unit was round
€130, not counting our own work with the
assembly. Nevertheless, it was aimed to mitigate
the expenses at the other hardware by reducing the
number of its components to the minimum
requisite, so this second unit cost around €100.
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Fig. 1.:

The first survey unit (IoT
device): The LED lamp, the test
substrate and the condition
survey unit with the sensors and
the camera

1. abra:

Az els6 allapotrogzitd egység
(IoT eszkoz): A LED-lampa, a
tesztfeliilet és az allapotrogzitd
egység a szenzorokkal ¢és a
kameraval

LED lamp

camera

Raspberry
Pi Zero W

Fig. 2.: The second survey unit (IoT device): LED
lamp and condition survey unit

2. abra: A masodik allapotrogzité egység (IoT
eszkoz): LED lampa és allapotrogzitd egység


https://www.sensirion.com/en/about-us/technology/cmosens-technology-for-humidity/
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Data acquisition of the units

For taking digital photos, recording the measured
values of the sensors, and controlling the relays of
the system, Python codes were written. Both survey
units recorded the values of the sensors every two
hours and took one digital photo every day. The
data were recorded to a text file; the images were
saved in a folder on the single-board computer. The
first unit was running for preliminarily defined
durations. In the case of the first unit, the system
was running for 11 months from June 2019 to May
2020. The second unit has been running since the
end of April 2020.

The devices — in case of there is internet access on
the site — can be controlled remotely, which option
was also used for regularly checking the operation,
because there are always planned and unplanned
events after which rebooting of the system is
needed (e.g. power cuts at network maintenances,
etc.). To control the units comfortably from a
personal computer, manage the software and up-
and download data from the system, the VNC
Viewer application was used. This was particularly
useful to access the units from a distance during the
days of the epidemic during the spring of 2020.

The test substrate

To test the first automated survey unit a plastered
test surface was produced. The test mortar substrate
was prepared in a frame made of aluminum
sandwich panels. The plaster was produced of lime
putty and quartz sand with a binder to aggregate
ratio of 1:4 and applied in two layers. The surface
finish of the substrate was prepared differently in
the four quarters of the plaster with rendered,
smoothed, yellow ochre paint applied in various
diagonal patterns (Fig. 1.) to create alternating
optical environment for the expected efflorescence.

The preparation of salt tests on the test plaster

In the side of the frame of the sample substrate,
45mm deep holes were bored in order to inject
saline solutions and water into the plaster. Initially,
sodium chloride (NaCl) was injected, followed by
calcium nitrate (Ca(NOs),-4H,0) solutions several
times. Saline solutions of low concentrations were
used deliberately in order to avoid an abrupt
efflorescence on the surface. However, because
after the first three weeks of test period, no changes
could be detected on the surface, it was decided to
use a saturated NaCl solution to accelerate the
crystallization of the salt.

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

48

Additionally, once a week (altogether 58 times
during the experiment), 6 ml of ordinary tap water
was also injected to the substrate to ensure enough
moisture in the capillary pores and to have the salts
transported towards the surface.

The on-site test

The second loT device (Fig. 2.) was placed at a site
where recently an unexplored moisture problem had
been detected. The possible reason is the
malfunction of the building installations in an 80
years old, slightly neglected building, where
presumably leakage from a water pipe caused a
continuously extending stain and efflorescence on
the wall (see Fig. 2.).

Results and Discussion

Due to the short-time experience with the second
device, only the experimental experience obtained
with the first unit will be discussed in detail.

Due to the low effectiveness of the original diluted
salt solutions used to provoke a salt efflorescence
on the surface, in the first three months (i.e. from
June to September 2019) no visible changes could
be observed on the digital images automatically
taken of the test plaster surface. Only the addition
of a series of saturated NaCl solution and tap water
injections in several steps provoked the first
observable efflorescence on the test surface. Fig 3.
shows the development of the NaCl efflorescence
during the period of September 3 and 30, 2019.
While in the first days of the month (Fig. 3a) no
visible surface change was observed, a couple of
days later (Fig. 3b) small crystals appeared on the
plaster. In the following weeks (Fig. 3c-e) and
months  (Fig.4.) the efflorescence  grew
continuously. Regarding the deliquescence point of
NaCl (75% RH) it is obvious that the relative
humidity (RH) during the test period was clearly
below 50% RH and thus below that point where
sodium  chloride could dissolve due to
hygroscopicity.

This indicates that the crystallization of the salt was
only controlled by the evaporation of water on the
surface and subsequent dissolution / re-
crystallization phenomena could not be observed
because of the low and fairly stable RH. Since the
test substrate used cannot model real conditions in a
masonry, the above observation was only used to
test the function of the device and correlate the
visual observations with the climatic measurements.
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Fig. 3.: RH measured in September 2019 and digital images taken in the same period show the appearance and growing of
NaCl efflorescence on the test plaster surface (a) September 3; (b) September 7; (c) September 13; (d) September 27; (e)
September 30. The pink line at ca. RH 75% show the deliquescence point of NaCl

3. abra: A 2019 szeptemberben mért relativ paratartalom és az azonos iddszakban készitett felvételek jol mutatjak a vakolt
felileten a natrium-klorid megjelenését (a) szeptember 3.; (b) szeptember 7.; (c) szeptember 13.; (d) szeptember 27; (e)
szeptember 30. A rozsaszin vonal kb. 75% relativ paratartalomnal a NaCl elfolyosodasi pontjat mutatja
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Fig. 4.: Variation of RH between June 2019 and May 2020 and the crystallization of NaCl (red arrows) as well as calcium
nitrate (green arrows) on the test surface. The pink line at ca. RH 75% shows the deliquescence point of NaCl, the green one
at 53% that of calcium nitrate. Raking light pictures were taken by the first survey unit. (a) state 1: June 2019; (b) state 2 -
September 2019; (c) state 3 - December 2019; (d) state 4 - March 2020; (e) state 5: May 2020.

4. 4bra: A paratartalom véltozasa 2019 janius és 2020 méjus k6zott, valamint a natrium-klorid (piros nyilak) és a kalcium-
nitrat (zold nyilak) kristalyosodasa. A rézsaszin vonal kb. 75% relativ paratartalomnal a natrium-klorid, a zld vonal 53%
releativ paratartalomnal a kalcium-nitrat elfolydsodasi pontjat mutatja. Az allapotrogzitd eszkoz altal oldalfényben készitett
képek: (a) 2019 junius; (b) 2019 szeptember; (c) 2019 december; (d) 2020 marcius; (e) 2020 majus
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Nevertheless, the constant low RH in the laboratory
room correlates well with the increasing amount of
salt on the surface during the measuring period.

The same phenomenon was observed in the case of
calcium nitrate (Fig. 4.). Although, the decision for
a salt having a relatively low (i.e. 53% RH)
deliquescence point (see green line in Fig. 4.) was
deliberate, even this value was too high to observe
crystallization and dissolution phenomena due to
RH fluctuations. Consequently, calcium nitrate
efflorescence appeared on the surface after a series
of injection in March 2020 and remained in
crystalline phase until the end of the test series.

Due to the short period of testing (i.e. five weeks)
only limited experience could be obtained with the
second unit.
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Nevertheless, in this short time both the camera and
sensors worked properly, and the changes on the
surface were visualized (Fig. 5.).

Comparing the RH data and digital images, the
continuous growth of the stain and subsequent salt
crystallization at RH values between 28 and 55%
can be observed. Although the composition of
efflorescence was not determined, the continuous
crystal growth at relatively low RH indicates that
the salts causing the damage are stable at these
climatic conditions and are therefore probably of
non-, or slightly hygroscopic types with higher
deliquescence points (i.e. alkali sulphates, alkali
nitrates, etc.).

Fig. 5.

Variations of RH and
temperature values from
the second unit and the
expanding coat on the

— max wall
—  min 5. 4b
average - apra:

A relativ paratartalom és
a hémérséklet
valtozasai, valamint a
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masodik egységnél

I r r r
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Fig. 6.: Data from the first unit - Changes in the climatic parameters (daily minimum, maximum and average
values: temperature = blue, relative humidity = green)

6. abra: Az elso egység altal rogzitett adatok - a klimatikus koriilmények valtozo paraméterei (napi minimum,
maximum ¢s atlag értékek, hdmérséklet = kék, relativ paratartalom = zold)
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Fig. 7.: Data from the second unit - Changes in the environmental circumstances (daily minimum, maximum,
and average values: temperature = blue, relative humidity = green).

7. abra: A masodik egység altal rogzitett adatok - a klimatikus koriilmények valtozd paraméterei (napi
minimum, maximum és atlag értékek, hdmérséklet = kék, relativ paratartalom = zold)
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The sensors

In the case of the first unit, the SHT31 Grove 1°C
temperature and humidity sensor worked properly.
The daily environmental circumstances were
recorded without failure. The average values of the
daily recorded temperature and humidity data are
demonstrated by the diagrams in Fig. 6. The contact
moisture sensor, however, seemed to be idle,
because of the low sensitivity to the moisture in the
solid structure. These data were validated by
secondary measurement with a Voltcraft MF-90
capacitive moisture meter. According to the
validating instrument, at a distance of 15-20 cm
from the location of the injections the moisture
content of the sample substrate was approximately
30%; close to the efflorescence (at the place where
the built-in sensor was placed) the value was
approximately 45%. The built-in sensor, however,
showed no relevant changes regarding the values.
Testing this sensor independently from the system
showed that even at 100% moisture the values did
not fluctuate, so this sensor type, which was
developed to indicate soil moisture, was considered
to be inadequate for our goals. This observation
corresponds with the experience of other authors
(Bayer et al. 2010) indicating that sensors based on
conductivity measurements have only limited
accuracy in measuring the moisture content.
Nevertheless, it has to be mentioned that the
measurement of moisture in a masonry by devices
based on conductivity or capacity are always
affected by other factors (i.e. the presence of
damaging salts) that can alter the results (Bayer et
al. 2010). Therefore, data obtained by the above
methods need to be interpreted critically, however,
additional methods (i.e. salt analyses, measurement
of moisture by gravimetry, etc.) may help interpret
and/or correlate the values.

The DHT 22 sensor in the second unit worked
adequately for measuring both temperature and
humidity  data  (Fig. 7.). Therefore, its
environmental data can be used to compare their
relation to the surface phenomena (Fig. 5.).

Conclusions and outlook

Based on the preliminary results and experience of
our investigation, it can be stated that automated
monitoring is possible with the means of custom
made, simple single-board computer-based and
sensor-equipped 10T devices, like the ones
presented in this paper. Comparing the two
versions, it can be stated that both devices were
equally appropriate for the tasks. They are capable
of recording the development of efflorescence and
the changes of surface deterioration of salt-laden
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surfaces of historic and modern masonry structures
as well as the changes of environmental data, such
as temperature and relative humidity. Salt damages
triggered by climatic variations and/or moisture in
the masonry can be easily recorded. Results may
support conservators, conservation scientists, and
maintainers to take appropriate actions to reduce
possible damages. The use of such systems has an
undisputed benefit when sampling is limited due to
e.g. the artistic value of the surface and/or the
ability to have constant human presence at the site
is hard to realize. Additionally, long-term
monitoring also supports the knowledge and
experience obtained by analytical measurements
and thermodynamic models.

A further attempt was taken to create a smaller and
cheaper condition recording unit with a simpler
architecture based on microcontroller instead of
single-board computers. The use of an ESP-32-
CAM and Sipeed Maix development boards were
considered as possible alternatives, equipped with a
DHT22 humidity and temperature sensor, and a
USB lamp switched by a relay module as it was
accomplished in the case of the second unit. In this
case, the price of the unit would be round € 70-75;
however, based on the initial experiences, this type
of device will need further testing and development
to serve our goals.

Based on the first successful tests and experience
obtained by the prototype and the beta unit, it is
planned to conduct further on-site tests under real
circumstances to provide valuable information
about the coherence of the climatic data and the
changes on the surface of salt attacked masonry
substrates. Additionally, on-site monitoring will be
completed by sampling and subsequent laboratory
analyses (i.e. IC, SEM-EDS, XRD, etc.) of
effloresces and substrates; chemical data be
interpreted by a thermodynamic model (Steiger,
2009) in order to validate and better understand the
result of the non-destructive monitoring.

The long-term goal of the project is to organize the
monitoring units into a wireless sensor network
(WSN) system for continuous on-site surveys not
only at salt-laden historic masonries, but for general
monitoring of historic buildings.
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Abstract

Vaitehii, Terre Déserte, is a well-known district by the hunters of Nuku Hiva, as an adze-production site. In 1998
Judit Antoni and Alfred Falchetto visited the region: we wanted to collect objects for future studies. Taking the
opportunity, we try to show a little overview on these objects (debris of production, flakes and half-products).

Kivonat

Vaitehii (Nuku Hiva, Terre Déserte) a helyi vaddszok dltal jol ismert kéeszkoz-készité miihely lelohelye. Antoni
Judit és Alfred Falchetto 1998-ban keresték fel a teriiletet annak érdekében, hogy a késébbi kutatdasokhoz
anyagot gyiijtsenek. Ezuttal csupdn rovid attekintést szeretnénk adni a gytjtott targyakrol (készitesi hulladékok

és felkész darabok).
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Introduction

Nuku Hiva, like all the other members of the Marquesas
group, is of volcanic origin. (Fig. 1.).

The island is formed from two volcans: the outer and
older one was active about 4 million years ago, while the
inner one, in the middle of the first is about 3 million
years old. The southern part of the two concentric
calderas is eroded mainly by the sea. Taiohae, the
Administrational center of the Marquesas lies in the inner
caldera.

The western side of the older volcano - the arid region
(Terre Déserte, Nuku Ataha) preserved the original shape
of the volcano sloping downhill from the actual top of the
mountain, the Tekao (1224 m as.l.). Between the two
precipices or valleys - Matatekouaehi on the north and
Tapueahu (,,the Grand Canyon”) on the south, not far
from the valley of Haatuatua and about 1 km from the
seashore we find Vaitehii, the quarry site. The name
Vaitehii means in ancient Marquesan language ,,rows or
layers of stone in abundance”. (Dordillon, 1904:138)

We visited the site in 1998 to collect samples from the
basalt material for future research and tried to make a
little field survey.

Description of the site

The little, oval hollow, about 200 m in diameter is
surrounded by the slopes of the mountain (here, 453 m
a.s.l.) in the form of several hills and hummaocks, covered
by the typical vegetation of the arid regions, e.g. mini
(Basilic) and little pricking bushes or gramineae. There
are two greater hills (cca. 10 m high) on the border of the
hollow: on the north, there is Vaitehii | and the other,
some 200 m far to the south from this is Vaitehii Il, each
having cca. 25-30 m in diameter. The names
(numbering) for the individual sites was given by the
authors (Figs. 2-3.). About 500 m from Vaitehii | there is
a spring, nourishing a little stream which is running to the
Matatekouaehi Bay.

Arriving to Vaitehii, we found some flakes and half-
products in the bed of this stream. Moreover, traces of
exploitation could be observed at Vaitehii I: a 2 m deep
trench, generally about 60-70 cm large (inside) and 100
cm large (outside). It is 8 m long, with almost
perpendicular walls (Fig. 4.)

The hill is covered everywhere with worked (chipped
and flaked) pieces of raw material: half-products of
basalt adzes or other artefacts, broken pieces and mainly
flakes and production debris.
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Fig. 1.: Map of the study area . a) Marquesas-Islands; b) Nuku Hiva Island c) Vaitehii environs and Ha’ahinani Bay
1. abra: A vizsgalt teriilet térképe. a) Marquesas-szigetek; b) Nuku Hiva sziget; c¢) Vaitehii kornyéke és a Ha’ahinani 6bok

On Vaitehii 1l the situation is similar: the debris,
flakes, half-products and broken or fragmentary
pieces are lying so densely that we can hardly see
the soil between them (Fig. 5a-b).

We noticed hundreds of fragments, tons of flakes
and many broken or unbroken half-products, even
with remains of cortex on them. The presence of the
small (up to 5 cm) pieces is especially interesting:
they suggest that every phase in the production was
executed in these workshops, from giving the shape
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of the blade to the last, fine working before
polishing.

The petroarchaeological study of the collected
pieces will be presented in the second part of this

paper.

The finishing (partial or total polishing of the
surface) was made in or near the villages: on the
paepae (stone house platform), normally there were
adequate polishing stones and sand with water for
this purpose.
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Fig. 2.: Vaitehii | — location of the site
2. abra: Vaitehii | — a lel6hely
Eﬂ.r" TR MV 7

Fig. 4.: Vaitehii | — exploitation trench
4. abra: Vaitehii | — kitermel6 arok

We collected several pieces at the workshop sites:
from Vaitehii | we have photos and drawings (on
the greater items, Figs. 6-17.) while from Vaitehii
I1 we have only photos (Figs. 18-25.).

We have selected some examples from Vaitehii | to
present this material in details.

All of the pieces were made of fine-grained, dark-
grey basalt.

Debris of production —Vaitehii I.

We can rank the pieces into four categories by size
and form:
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Fig. 3.: Vaitehii Il — location of the site
3. abra: Vaitehii Il — a lel6hely

Fig. 5 a-b: Vaitehii I-11: chipping floor

5a-b abra: Vaitehii I-II: pattintott félkész
eszkozokkel és szilankokkal boritott felszin

Group 1. Six little splinters: their form is elongated
or circular. Dimensions: length: 3.5-4 cm (for the
circulars) and 4.8-5.2 (the elongated pieces), width:
2.1-4.2 cm, thickness: 0.4-1.2 cm, weight: 0.40-
0.80 g (Fig. 6.).

Their colour is grey, with a little greenish shade.
Every piece is covered with a slight patina and on
the back side showing a conchoidal fracture, there
is a clearly discernible bulbus.
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Fig. 6.: Vaitehii | — debris of production, group 1.

6. abra: Vaitehii | — készitési hulladékok, 1. csoport

Fig. 7.: Vaitehii | — debris of production, group 2.

7. abra: Vaitehii | — készitési hulladékok, 2. csoport
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Fig. 8.: Vaitehii | — debris of production, group 3.
8. abra: Vaitehii | — készitési hulladékok, 3. csoport

Group 2. The second group (seven flakes) consists
of somewhat larger pieces with the following
dimensions: length: 5.3-7.5 cm, width: 4.0-6.4 cm,
thickness: 1.0-2.0 cm, weight: 1.20-1.85 g (Fig. 7.).
They have mainly elongated, leaf-like forms or a
little bit rectangular shape: on the first item we can
see the remains of the original, greenish-grey
patinated rock surface (cortex), on two others there
is a part of the cortex and they are covered with the
local reddish-brown soil, too. The colour of the
rock is dark grey, almost black: this is visible on the
pieces which show relatively recent fractures,
caused by the weather or by people who visited the
site. The bulbs on their back side is every case an
old one and the edge-lines of fractures is slightly
worn.

Group 3. The three flakes of the third group are
bigger than the others mentioned before, but their
colour, shape and patina is similar to them (Fig. 8.).
The crescent-shape piece looks somewhat younger,
on its back and tip there are relatively recent
fractures. Its surface is worn and not so patinated
like the two rectangular fragments. On these latter
ones the edge-lines of fractures on the face side are
shining and one of them is well trimmed
(retouched) all around as if they wanted to make a
cutting implement.
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Dimensions for the crescent-shape piece: length:
9.5 cm, width: 5.7 cm, thickness: 1.1 cm, weight:
2.45¢g

The two others: length: 7.5 and 7.7 cm, width: 5.0
and 6.0 cm, thickness: 1.2 and 1.8 cm, weight: 1.95
and 2.65g

Group 4. The next two flakes (Fig. 9. and 10.) are
the largest ones in the debris collected at Vaitehii I.:
probably they represent the earlier phase of the
fabrication, when the primary shaping of the
artefact was executed.

The first, elongated flake is covered by greenish-
grey patina; its back side is a great conchoidal
fracture with bulbus (Fig. 9a-b).

Dimensions: length: 9.5 cm, width: 4.5 cm,
thickness: 1.8 cm, weight: 2.95 g

On the front side the edge-lines are worn and on the
left edge it is retouched.

This flake would be very easy to use as a scraper or
knife, even in this phase of production, or, with not
too much effort it could be brought to perfection.
We are sure, that between these tonnes of debris
one can find more objects that were perfect for
woodworking. In the existing collections of stone
implements on the islands, however, there are
almost exclusively finished stone adzes and no half-
products as they were more attractive to collectors.
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Fig. 9a-b:
Vaitehii | — debris of production, group 4.
(photo and drawing)

9a-b. abra:
Vaitehii | - készitési hulladékok, 4. csoport
(foto és rajz)
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Fig. 10a-b:
Vaitehii | — debris of production, group 4.
(photo and drawing)

10a-b. abra:
Vaitehii | - készitési hulladékok, 4. csoport
(foto és rajz)

A large number of stone “splinters” or flakes, lying
everywhere on the surface, could serve for working
various materials. With a micro-wear analysis it
would be possible to determine their exact function:
the only problem is that they should be
systematically collected, creating an adequate base
for the future research.
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As we know from the work of H. Plisson, in Tahiti,
at Vallée Papeno’o there were similar objects which
were used for different purposes on wood and other
vegetable materials. (Lavondes, 1990 pp. 22-24)

The shape of the second flake is similar, without a
pointed tip. On its back, apart from the original,
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large conchoidal fracture there is two more little
fracture destructing the surface of the bulbus. The
front side shows many little fractures. The dark-
grey surface is worn by weather and is covered with
some patina too: it looks younger than the first
piece. (Fig. 10a-b)

Dimensions: length: 8.8 cm, width: 5 cm, thickness:
2 cm, weight: 3.35g

Half-products — Vaitehii 1., 7 pieces, (Figs. 11-
17.):

On the Marquesas Islands, as anywhere in
Polynesia, there is no axe only adze and chisels.
The difference relates to the hafting: by the axe the
blade’s edge is parallel with the handle while the
adze’s handle is perpendicular or in angle to the
blade’s edge.

When the hafted blade is held in one’s hand, the
back of the blade faces down (“inside”, toward the
user, on the design marked with “B”) and the front
side faces upwards (“outside”, marked by “A”).

Many authors tried to compile some typological
classification of the finished adzes especially for
the Marquesas Islands .(von den Steinen 1928,
Linton 1923, Suggs 1961). The classification is
based on the shape, the existence of the tang for the
hafting (“tanged adzes”) or the lacking of this
(“tangless adzes”) and the cross-section of the
implement.

The typology is sometimes very useful, but in most
cases it is artificial, rigid and therefore misleading.

The half-products, which are abandoned in different
phases of fabrication, fortunately had no typology,
even if the shape can suggest the idea of the master.

Nevertheless, there are some types known from the
typology of the finished tools which we can accept
for our half-products, too. The tanged adze’s shape
even in this phase is very characteristic: Suggs
(1961) classified this implement between the
finished ones as “Koma type”. The same is by
Linton the “toki kouma”: toki is the Marquesan
name for stone adze.

As Linton relates, this type is also recognized by
the natives as a distinct class, and this type is
relatively common in these islands in all sizes. The
people used for many purposes, including for fine
carving and to hollow out canoes and containers.
(Linton,1923:323)

Our piece from Vaitehii I. is a very nice example of
it (see photo and designs, Fig. 11a-b.).

The fine-grained dark-grey tool-preform seems not
to be too old: their patina is slight and the lines of
the fracture-edges are not too worn. We can
imagine that this piece was made in the time of the
European contact (after 1790, or Historic period).
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Suggs remarks, that the type appeared in the
Expansion period (between 1100 and 1400) and
remained in the Historic period (Suggs,1961:111).

The neck or tang is formed on the upper part (butt)
of its front (“A”), about 1.5-4.5 cm from the upper
edge (poll).The neck’s hollow is 0.5-0.6 cm deep
by the edges and 0.2-0.3 cm in the middle. Its
cross-section is truncated triangular.

Dimensions: length: 13.8 cm, width: 4.2 cm (butt),
5 cm (“cutting edge”), thickness: 2.9 cm, weight:
11159

This piece is really not too far from the finished
tool: it would be enough (probably) to polish its
cutting-edge.

The next two objects resembles to the “Mouaka
type” of Suggs (Suggs, 1961: 108). Their surface is
worn and they have greenish-grey patina.

The cross-section of the first of them (Fig. 12a-b) is
low triangular, the cutting-edge’s bevel is not yet
shaped, neither the poll.

Dimensions: length: 11.3 cm, width: 3.5 cm (butt),
4.5 cm (“cutting edge”), thickness: 2.3 cm, weight:
7309

The other pre-form (Fig. 13a-b) has a quadrangular
cross-section and it is relatively flat. Its butt and its
cutting-edge are at the beginning to shape, their
bevel is almost parallel to each other. The lines of
the fracture-edges are worn and shining.

Dimensions: length: 9.3 cm, width: 3.7 cm (butt), 5
cm (“cutting-edge”), thickness: 2 cm, weight: 590 g

The fourth (Fig. 14a-b) dark-grey adze pre-form
has a triangular shape with pointed butt and large
cutting edge. Its cross-section is triangular also. On
the front side we can find the remains of the cortex
which is worn and covered with traces of friction.

The cutting-edge seems very large: after the
Marquesan informants (incl. Alfred Falchetto) there
are many of these forms in finished state, but, for
example, in the Bishop’s collection at Taiohae,
Nuku Hiva, between more than 40 pieces, collected
everywhere on the islands by local people, there is
no one which is similar.

Dimensions: length: 12.3 cm, width: 2.5 cm (butt),
6 cm (cutting edge), thickness: 3.5 cm, weight:
965 g

The next, dark-grey coloured piece (Fig. 15a-b) has
a rectangular shape with truncated triangular cross-
section. Its butt and cutting edge are “flat” on the
back side and oblique-angled on the front side. In
the middle of the front side there are the remains of
the cortex worn by weather. It is a very nice tool-
preform with a massive trunk: when finished, it can
be useful for working hard wood.
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Fig. 11a-b:
Vaitehii |- half-products,
(photo and drawing)

1l1a-b abra:
Vaitehii | - félkész eszkoz

(fotd és rajz)
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Fig. 12a-b:

Vaitehii |- half-products,

(photo and drawing)

12a-b abra:

Vaitehii | - félkész eszkoz

(fotd és rajz)
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Fig. 13a-b:
Vaitehii |- half-products,
(photo and drawing)

13a-b abra:
Vaitehii | - félkész eszkoz
(fotd és rajz)
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Fig. 14a-b:

Vaitehii |- half-products,
(photo and drawing)

14a-b abra:
Vaitehii | - félkész eszkoz
(fotd és rajz)
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Fig. 15a-b:
Vaitehii |- half-products,
(photo and drawing)

15a-b abra:
Vaitehii | - félkész eszkoz
(fotd és rajz)
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Fig. 16a-b:
Vaitehii |- half-products,
(photo and drawing)

16a-b abra:
Vaitehii | - félkész eszkoz
(foto és rajz)
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Fig. 17a-b:

Vaitehii |- half-products,
(photo and drawing)
17a-b abra:

Vaitehii | - félkész eszkoz
(fotd és rajz)

There is no considerable patina on its surface so it
can be relatively modern (Historic period?).

Dimensions: length: 12.6 cm, width: 4-4.5 cm,
thickness: 3.1 cm, weight: 1020 g

The last two objects collected at Vaitehii | were
visibly intended to confect chisels: their narrowness
is advantageous for some special woodworking, as
for example making holes or grooves.
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The longer one (Fig. 16a-b) has triangular cross-
section, its surface is covered with greenish-grey
patina and on the front side there are remains of
cortex. The butt-end and the cutting edge are
oblique angled on each side, this latter is very
narrow. The lines of the fracture-edges are worn
and shining.

Dimensions: length: 15.4 cm, width: 4.3 cm,
thickness: 3.7 cm, weight: 1055 g



Archeometriai Mithely 2021/XVIIL./1.

The other piece (Fig. 17a-b) has a fine greenish-
grey patina, its cross-section is triangular. The butt
and the cutting edge are oblique-angled on the front
side. The lines of the fracture-edges are shining and
on the front side there are the remains of the reddish
local soil.

Dimensions: length: 12.6 cm, width: 3.5 cm,
thickness: 2.7 cm, weight: 840 g

Vaitehii I1. 8 pieces (see Figs. 18-25, only photos)
All of the collected pieces were half-products.

The first one is rectangular shaped, relatively flat,
dark greyish preform (Fig. 18.), on both sides (A
and B) with remains of reddish-brown coloured
cortex.

Dimensions: length: 9.8 cm, width: 4 cm, thickness:
2.5-3.5¢cm.

The next (Fig. 19.) is elongated, leaf-like, green
coloured. Side “A” is flat, side “B” and one of the
profiles is more worked by knapping. Its cross-
section is almost quadrangular.

Measures: length: 20.2 cm, width: 6 cm, thickness:
cca. 4 cm

The third one is greenish-grey coloured, fine-
grained tanged adze-preform (Fig.20.), with
elongated shape and quadrangular cross-section.

Dimensions: length: 11.8 cm, width: 2.5 - 4.3 cm,
thickness: 2.5 cm (by the neck)

s g0 !

-9

Fig. 18.: Vaitehii 11— half-products (only photo)
18. abra: Vaitehii Il - félkész darabok (csak fotd)
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The next one is semi-circular shaped, dark grey
with greenish shade (Fig. 21.) with some remains of
the cortex on its back side.

Dimensions: length: 12.2 cm, width: 6.1 cm,
thickness: 4.5 cm.

Our next piece (Fig. 22.) is trapezoidal in shape,
greenish-grey, with large cutting-edge and a tang on
its butt. Its cross-section is rectangular.

Measures: length: 9.2 cm, width; 4.2 - 6.2 cm,
thickness: 3.5 cm.

The sixth from Vaitehii Il (Fig. 23.) is a fine-
grained greyish-green preform with triangular
Ccross-section.

Dimensions: length: 125 cm, width: 4 cm,
thickness: 3 - 3.8 cm.

The last two pieces (Figs. 24. and 25.) are
elongated, fine-grained, greenish grey coloured.

One (Fig. 24.) has some remains of the cortex on
side “A” and its cross-section is triangular.

Its dimensions: length: 10.9 cm, width: 3.2- 4 cm,
thickness: 2.7-3.2 cm.

The other one (Fig. 25.) Dimensions: length: 12.8
cm, width: 3.9 cm, thickness: 2.9 - 3.5 cm.

As all objects from Vaitehii Il are deposited at
Nuku Hiva and we had no chance to go there again
recently, there are no drawings made and no
measurement of weight on the pieces.

.51‘90...A N
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Fig. 19.: Vaitehii II- half-products (only photo)

19. abra: Vaitehii Il - félkész darabok (csak fotd)
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Fig. 20.: Vaitehii 11— half-products (only photo)
20. abra: Vaitehii Il - félkész darabok (csak foto)
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Fig. 21.: Vaitehii - half-products (only photo)

21. abra: Vaitehii Il - félkész darabok (csak foto)
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Fig. 22.: Vaitehii 11— half-products (only photo)
22. abra: Vaitehii Il - félkész darabok (csak foto)
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Fig. 23.: Vaitehii - half-products (only photo)
23. abra: Vaitehii |l - félkész darabok (csak foto)
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Fig. 24.: Vaitehii - half-products (only photo)
24. abra: Vaitehii 1l - félkész darabok (csak foto)
A= N vl

Fig. 25.: Vaitehii 11— half-products (only photo)
25. abra: Vaitehii |l - félkész darabok (csak foto)
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Discussion

Although the southern islands of the Marquesas
group were “discovered” by the Europeans in 1595,
the northern islands, among them Nuku Hiva were
contacted only by 1791. After this date, the islands
were regularly visited by European sailors, and the
appearance of metal woodworking tools pushed out
the traditional stone adzes in relatively short time.
Their production at the great quarries, like these on
Eiao Island or at Nuku Hiva in about 10-20 years
gradually ceased and the quarries were abandoned.

The other cause for this process was the decreasing
number of local people, including the specialists in
stone tool working techniques. The total population
number of the six inhabited islands was estimated
by different visitors in the time of the first contact:
it seems to be about 50 thousands people or
somewhat more. (Bailleul, 2001:21) This number
changed in 1860 to 11 thousand, and in 1925 to
only 2000 people (Bailleul, 2001:7)

Eiao, which lies 90 km to northwest from Nuku
Hiva and was well known in ancient times for its
basalt quarries and famous adze-makers, the
members of the Tuametaki tribe, was for long time
uninhabited. It is a desert island now, and only the
abandoned settlements, quarries and workshops
with their debris and half-products are the witnesses
of the “Stone Age” on the islands.

Conclusion

The above polished stone artefact preforms and
half-products prove the existence of workshop for
adzes at Vaitehii. We supposed that Vaitehii
supplied the surrounding archaeological sites with
suitable raw material. We have initiated
petroarchaeological investigation of some selected
samples collected here and the neighbouring
archaeological site Ha’ahinani Bay, presented by
Szakmany et al. (2021) in the same volume. The
petrographical analysis performed so far, however,
did not prove this hypothesis. The presence of the
worked flake from Ha’ahinani Bay, the raw
material for which originated from Ua Pou was a
little surprise for us. Ha’ahinani is a small bay with
some rests of houses in its valley, probably used as
temporary camp site by local people (fishers and
hunters) several hundred years ago. Ua Pou, the
second largest island after Nuku Hiva in the
northern Marquesas lies about 40 km south of Nuku
Hiva. Basing on only one piece from Ua Pou we
can imagine many possibilities, for example this
object was brought with some fishermen from Ua
Pou.

We need more archaeometrical investigations on
more pieces from Ha’ahinani to see if it was only
accidental, or people from Ua Pou had the chance
to visit this bay on more occasions.

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

In this paper we present our results based on detailed archaeometric (mineralogical, petrological and
geochemical) investigations on two flakes, originated from Nuku Hiva, Vaitehii I and Ha ahinani sites. The main
aim of these researches was to determine and characterise the raw material of the stone tools and determine or
at least outline their provenances. Based on the mineralogical composition and texture the flake origined from
Vaitehii | are basalt and it is very similar to the local Tekao type tholeiitic basalt. On the contrary the raw
materials of the flake origined from Ha ahinani is phonolite, its provenance is Ua Pou island.

Kivonat

Munkank soran két Nuku Hiva-i lelohelyrdl (Vaitehii I és Ha ahinani) szarmazo kéeszkoz téredéken végeztiink
archeometriai (asvanytani, kézettani és geokémiai) vizsgalatokat. Fé célunk a téredékek nyersanyaganak pontos
meghatdrozasa és szarmazasuk korvonalazdsa volt. Eredményeink alapjan a Vaitehii I lel6helyrdl szarmazo
kbeszkoz bazaltbol késziilt, és dsszetétele jol egyezik a helyi Tekao tipusu tholeiites bazaltéval. A Ha ahinani
6b6lbol szarmazo kdeszkoz nyersanyaga fonolit, a nyersanyaganak szarmazasi teriilete Ua Pou szigete.

KEYWORDS: POLYNESIA, BASALT, PHONOLITE, HALF-PRODUCTS, ARCHAEOMETRIC EXAMINATION OF THE RAW
MATERIAL

KULCSSZAVAK: POLINEZIA, BAZALT, FONOLIT, FELKESZ ESZKOZOK, NYERSANYAG-VIZSGALAT

Introduction There are a lot of flakes in this pit where raw materials

of polished stone tools were extracted 200-300 years

Stone artefacts and their raw material from the
Marquesas Islands, part of French Polynesia were in
the focus of scientific interest for a long time (see e.g.
McAlister & Allen 2017). In 1998, Judit Antoni and
Alfred Falchetto performed field surveys on Nuku
Hiva, one of the Marquesas Islands and collected
numerous lithic artefacts there. Part of the material is
presented in this volume (Antoni & Falchetto 2021).
In our study, we present here the results of the
investigation of two stone artefacts from the sites
Vaitehii and Ha’ahinani-bay, respectively. For the
sampling localities, see the Fig 1. of Antoni &
Falchetto (2021 in this volume). NUH-V1 stone tool
flake was collected in Vaitehii site, from the pit on the
hills in the Western-Northwestern part of Nuku Hiva.

ago. The elongated, triangular shaped dark-grey
coloured flake has wavy and rugged edge on both of
its rims as traces of knapping. Its cross-section at the
base, by the bulbus is also triangular. On its tip there
are rests of cortex. Dimensions: length: 10.2 cm,
width: 3.3-4.8 cm, thickness: 0.7-1.4 cm, weight:
26.0 g. (Fig. 1.)

NUH-H1 stone tool flake has been collected from the
surface in the eastern side of Ha’ahinani-bay of
Western-Northwestern part of Nuku Hiva which is not
too far from Vaitehii. The NUH-H1 flake has some
traces of knapping on its surface. Also there is a
rugged edge on its concave side due to knapping.

* How to cite this paper: SZAKMANY, Gy; FEHER, K; KASZTOVSZKY, Zs & SAGI, T., (2021): Archaeometric
analyses of adze-blades on Nuku Hiva, Marquesas Islands, Archeometriai Miihely XV111/1 75-88.

doi: 10.55023/issn.1786-271X.2021-005
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Fig. 1.:
Stone flake analysed form
Vaitehii I.

1. abra:
A vizsgalt Vaitehii 1. lel6helyr6l
szarmazo félkész képenge

The slightly convex side of the flake shows possible
traces of retouch process. Dimensions: length: 7.4
cm, width: 4.2 cm, thickness: 0.5-1.2 cm, weight:
16.0 g. (Fig. 2.)

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

Mineralogical, petrological and geochemical
investigation have been made on both polished
stone flakes. The main aim of the archaeometric
investigation was to determine and characterise the
raw materials of the stone tools and determine or at
least outline their provenance.



Archeometriai Mithely 2021/XVIIL/1.

77

Fig. 2.:
Stone flake analysed form Ha’ahinani
Bay

2. abra:
A Ha'ahinani 6bolbdl szarmazd
vizsgalt kdpenge

Moreover, we were trying to find answer to the
following questions:

1) How does the chemical composition of sample
NUH-V1 match with the composition of local
basalt?

2) Is the chemical composition of the piece NUH-
H1 similar, or different from NUH-V1, in other
words, did they use the same raw material or not?

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

Methods

Both stone tools were macroscopically described
and the magnetic susceptibility (MS) of their
material was measured. These data give a
preliminary information about the main type of the
raw materials of the stone tools. Methodology of
MS measurements and the calculation /
determination of the real MS values are based on
Williams-Thorpe and Thorpe (1993), Bradak et al.
(2009), Szakmany et al. (2011b).
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Fig. 3.: TAS diagram (SiO2 vs Na;O+K;0) of the
analysed flakes. Green cross — NUH-H1 stone
flake; red star — NUH-V1 stone flake. For
comparison bulk rock composition of Ua Pou and
Nuku Hiva lavas from Legendre et al. 2005a, 2005b
are also shown, Green ellipses — group C and D
phonolites (combined), grey areas — other rock
types of Ua Pou; pink area — olivine tholeiite of the
Tekao volcano (Nuku Hiva).

3. abra: A vizsgalt mintak elhelyezkedése a TAS
diagramon. Zo6ld kereszt — NUH-H1, voros csillag —
NUH-V1. Osszehasonlité adatok Legendre 2005a,
2005b alapjan: zo6ld mez6 — C ¢és D tipust
fonolitok, sziirke mez6 - egyéb kdzettipusok (Ua
Pou); rézsaszin mezé — Tekano tipusu olivin
tholeiit (Nuku Hiva)

As it was allowed to cut small pieces from both
flakes, thin sections were made from them to
perform detailed polarizing microscopic
petrographic descriptions. Additional petrographic
investigation and in situ mineralogical analyses
were performed with an Amray 1830 type electron-
microscope equipped with EDAX PV9800 energy
dispersive spectrometer at the Department of
Petrology and Geochemistry, Eotvos Lorand
University, Budapest. Exact parameters of SEM-
EDX measurements can be found in Bend6 et al.
(2019).

Non-destructive elemental analyses were carried
out by Prompt Gamma Activation (PGAA) at the
Budapest Neutron Centre. This method determines
the bulk concentrations most of the major elements
and some trace elements (B, Cl, Sc, V, Nd, Sm and
Gd). The principle of the quantitative analysis is
given by Révay 2009. Detailed description of the
experimental setup is given by Szentmikldsi et al.
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(2010). The application of PGAA for provenance of
stone tools is discussed in Szakmany et al. (2011a)
and Bendé et al. (2019).

Results

On the macroscopic scale, both studied polished
stone flakes are very fine grained. They show black
colour on the fresh break, and brownish-grey on
their weathered surfaces. The flake of NUH-V1
contains few slightly elongated or almost isometric
green olivine crystals with a maximum size of
2mm. The NUH-H1 stone tool flake contains
sparse small sized (max. 1 mm) white, almost
idiomorphic  tabular  feldspar  crysts. The
groundmass of both stone tools is very fine grained,
only some very small sized white and black grains
are visible, which cannot be specified by the naked
eye.

The real MS values of the stone tools are close to
each other: 6,57 x10 SI (NUH-V1) and 5,97 x10°3
Sl (NUH-H1), respectively, which generally
correspond the MS values of basic-intermediate
volcanic rock types.

Table 1.: Major (wt%) and some trace (ppm)
elements content of studied Nuku Hiva flakes

1. tablazat: A vizsgalt Nuku Hivardl szarmazo
kéesz6zok £6-(wt%) és nyomelem (ppm) tartalma

NUH-V1 NUH-H1
basalt phonolite

SiO2 46.5 57.2
TiO: 3.26 0.30
Al2Os3 12.9 20.7
Fe203* 12.7 2.8
MnO 0.15 0.24
MgO 10.3 <QL
CaOo 9.6 16
Na:0 2.61 9.33
K20 1.08 7.04
H20 0.87 0.45
Total 99.91 99.68
B 2.22 19.10
Cl 108 3072
Sc 25.3 0

\% 369 0

Nd 394 61.0
Sm 6.88 5.16
Gd 6.99 3.55

QL - quantification limit; * - total Fe-content
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Based on the chemical analysis, NUH-V1 has a
basic composition with 46 wt% SiO; content.
Moreover NUH-H1 has higher SiO. content
(57 wt%),  which  shows its intermediate
composition. The TiO, content of the NUH-V1 is
quite high, whereas the sum of alkali elements is
low, especially K,O. On the contrary the sum
alkalis of the NUH-HL1 is very high (Na2O higher
than 9 wt%, KO higher than 7 wt%), showing the
strong alkaline character of this rock (Table 1.,
Fig. 3.) The chemical composition fits very well to
the mineralogical composition of both stone tools.

On the microscopic scale, sample NUH-V1 has
porphyritic microholocrystalline texture, with local
concentrations of coarser grained crystals. The
porphyric constituents are skeletal olivine with
generally fresh core and iddingsitic rim, dominantly
250-300 ym (max 650 pm) in size. Cr-spinell and
orthopyroxene inclusion are very rare or absent.
The groundmass is very fine grained (generally
100-200 um), completely crystallized with slightly
fluidal structure. It dominantly consists of
elongated intermediate-basic plagioclase (andesine-
labradorite) and hipidiomorphic, slightly elongated
and zoned augitic clinopyroxene with Al-rich core
and Al-poor rim. Occasionally coarser grained
plagioclase crystals occur. Very fine grained (50-
100 pm) opaque minerals are abundant: those are
dominantly ilmenite, occasionally with a magnetite
rim. Scarce phlogopite crystals appear mainly in the
somewhat better crystallized parts of the
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groundmass or at the rims of olivine. (Figs 4., 5., 6.,
7.,12. and 13, Tables 2., 3., 4., 5., and 6.) Based
on the chemical and mineralogical composition and
texture the NUH-V1 stone tool is basalt.

On the microscopic scale sample NUH-H1 has fine
grained, porphyric microholocrystalline fluidal
texture occasionally with coarse grained phencrysts
of sanidine having strongly resorbed plagioclase
(oligoclase) core. Fine grained, porphyric micro-
holocrystalline fluidal texture with occasionally
quite coarse grained phenocrysts of sanidine with
strongly resorbed plagioclase (oligoclase) core. The
groundmass is very fine grained (dominantly 30-80
um), completely crystallized. It dominantly consists
of elongated K-feldspar (sanidine) and
hipidiomorphic  nepheline. ~ Slightly  elongated
brownish green-dark green pleochroic pyroxene
crystals (with hedenbergite composition) and
opaque minerals (Ti-magnetite) are also abundant.
Few grains of sodalite and analcime can be
observed, the analcime formed from altered
nepheline. Accessories are apatite, sometimes with
a monacite rim, and a peculiar, slightly elongated,
fine grained pale purple Zr-rich phase which could
be an eudialite-group mineral (probably a Ca-rich
type sergevanite). Its small size makes the accurate
determination impossible even with SEM-EDS
(Figs. 8., 9., 10., 11., 12. and 13., Tables 2., 3., 5.,
7. and 8.). Based on the chemical and
mineralogical composition and texture the NUH-H1
stone tool is phonolite.

Fig. 4.: Polarizing microscopic photo of NUH-V1
basalt flake with olivine (ol) phenocrysts with fresh
core and iddingsited rim, plagioclase (pl), augitic
pyroxene (cpx) and phlogopite (phl) in the completely
crystallized groundmass (crossed nicols)

4. abra: A NUH-V1 bazalt kbeszkéz polarizacios
mikroszkopi képe, olivin (ol) fenokristaly ide maggal
¢és iddingzites szegéllyel, plagioklasz (pl), augit (cpx)
és flogopit (phl) teljesen kristalyos alapanyagban (+N)

Fig. 5.: Polarizing microscopic photo of NUH-V1
basalt flake with iddingsited olivine (ol) phenocrysts
and phlogopite (phl), plagioclase (pl) and augitic
clinopyroxene (cpx) in the groundmass (plane
polarized light)

5.abra: A NUH-VI1 bazalt kdeszkdz polarizacios
mikroszkopi képe. Olivin (ol) fenokristaly tide maggal
¢és iddingzites szegéllyel, plagioklasz (pl), augit (cpx)
és flogopit (phl) teljesen kristalyos alapanyagban (1N)

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)
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Fig. 6.: BSE image of NUH-V1 basalt flake on the
same territory as in Fig. 4. Mineral abbreviations see
in Fig. 4. caption

6. abra: A NUH-V1 bazalt kdéeszkdz visszaszort
elektronképe a 4. abran bemutatott teriiletrdl.
Roviditéseket 1d. a 4. abranal
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Fig. 7.: Groundmass of NUH-V1 basalt in BSE
image. Abbreviations: cpx — clinopyroxene, ilm —
ilmenite, ol — olivine, pl — plagioclase

7.abra: A NUH-V1 bazalt alapanyagarol késziilt

visszaszOrt  elektronkép  Roviditések: cpx -
klinopiroxén, ilm — ilmenit, ol — olivin, pl -

plagioklasz

Fig. 8.: Polarizing microscopic photo of NUH-H1
phonolite flake. Large sanidine (sa) phenocryst with
spongy rim and plagioclase (pl) inclusion in it, and
fine grained fluidal groundmass. Abbreviations: kfs —
K-feldspar, cpx - clinopyroxene (crossed nicols)

8. abra: A NUH-HI1 fonolit kbeszk6z polarizacids
mikroszképi  képe. Nagyméreti szanidin  (sa)
fenokristaly  szivacsos szovetli  szegéllyel ¢és
plagioklasz (pl) zarvannyal, tovabba finom szemcsés,
iranyitott (folyasos) szovettel. Roviditések: kfs —
kalifoldpat, cpx — klinopiroxén (+N)

Discussion

Macroscopic features of the two investigated flakes
are very similar to each other, but the petrological
and geochemical analyses have shown that their
raw materials are different.

On the basis of mineralogical and chemical
composition the NUH-V1 flake is fine grained
basalt. The porphyritic constituents are small and
they have the same size range. The groundmass is

Fig. 9.:

Polarizing microscopic
goundmass of NUH-H1 phonolite flake.
texture with K-feldspar (sanidine — kfs), nepheline
(nph), analcime (anl), hedenbergite (hd), and fine

photo of the
Fluidal

grained eudialyte group minerals (eud*).
polarized light)

9. abra: A NUH-H1 fonolit kéeszkoz alapanyagarol
késziilt polarizacios mikroszkopi fotd. Folyasos
szovetben kalifoldpat (szanidin — kfs), nefelin (nph),
analcim (anl), hedenbergit (hd), és finomszemcsés
eudialit-csoportba tartozo asvany (eud*) (IN)

(plane

completely crystallized. These properties signs that
it has a very high quality as stone tool raw material.
The mineralogy and the major element chemical
composition of the basalt show tholeiitic character.
Its chemistry fits very well to the tholeiitic basalt
data set measured in Nuku Hiva. (Legendre et al
2005b).  Nevertheless tholeiitic  basalts are
widespread in Marquesas archipelago. McAlister et
al. (2017) summarised their chemical composition,
moreover they analysed several stone tools.

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)
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Fig 10.: BSE image of NUH-H1 phonolite on almost the
same territory as in Fig. 8. Mineral abbreviations: sa —
sanidine, pl — plagioclase, anl —analcime

10. abra: A NUH-HI1 fonolit kéeszkoz alapanyagarol
késziilt visszaszort elektronkép, kozelitéleg a 8. abran
bemutatott teriiletr6l. Roviditések: sa — szanidin, pl —
plagioklasz, anl - analcim

T ¥ Al LN
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Fig. 12.: Feldspar compositions of NUH-V1 basalt flake
(red triangle) and NUH-H1 phonolite flake (green triangle):
1: sanidine, 2: oligoclase, 3: andesine, 4: labradorite.

12. abra: A NUH-V1 bazalt (voros haromszog) és a NUH-
H1 fonolit (z6ld héaromszog) kdeszkozok foldpatjainak
Osszetétele: 1: szanidin, 2: oligoklasz, 3: andezin, 4:
labradorit.
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Fig. 11.: Groundmass of NUH-H1 phonolite flake in BSE
image. Abbreviations: anl — analcime, eud* - eudialyte
group mineral, hd — hedenbergite, mon — monazite, nph —
nepheline, sa — sanidine, sdl — sodalite, Ti-mag — titano-
magnetite

11. abra: A NUH-H1 fonolit kdeszkoz alapanyagarél
késziilt visszaszort elektronkép. Roviditések: anl — analcim,
eud* - eudialit csoportbeli asvany, hd — hedenbergit, mon —
monacit, nph — nefelin, sa — szanidin, sdl — szodalit, Ti-mag
— titano-magnetit
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Fig 13.: Pyroxene composition of NUH-V1 basalt (red
triangles) and NUH-H1 phonolite (green triangles) flakes.
Basaltic sample contains clinopyroxene (2: Mg-rich augite)
and — as inclusions in olivine - orthopyroxene (1: Ferroan-
enstatite), whereas phonolite contains only clinopyroxene
(3: Mg-hedenbergite, 4: hedenbergite). For comparison
compositional range of clinopyroxenes of peralkaline
phonolites from Ua Pou (pale green ellipsoide) and Tekao
tholeiites of Nuku Hiva (pale red rectangle) are shown
(based on Legendre et al. 2005a and 2005b, respectively).

13. abra: A NUH-V1 bazalt (vords haromszog) és a NUH-
H1 fonolit (z6ld haromszog) kdéeszkdzok piroxénjeinek
Osszetétele. A bazalt klinopiroxént (2: Mg-gazdag augit) és
— olivinben zarvanyként — rombos piroxént (1: Ferro-
ensztatit) tartalmaz. A fonolitban csak klinopiroxén (3: Mg-
hedenbergit, 4: hedenbergit) fordul el6. Osszehasonlitd
adatok: klinopiroxén Ua Pou peralkali fonolitban (halvany
z0ld mezd6) és Nuku Hivan a Tekao tholeiitben (halvany
vords mezo) (Legendre 2005a, illetve 2005b alapjan).
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Table 2.: Feldspar compositional data of NUH-V1 basalt and NUH-H1 phonolite flakes
2. tablazat: A NUH-V1 bazalt és a NUH-H1 fonolit kéeszkozok foldpatjainak osszetétele

Sample NUH-V1  NUH-V1 NUH-H1 = NUH-H1
Rock type basalt basalt phonolite | phonolite
Position G G C Cc
name pl pl pl pl
SiO2 53.06 55.13 62.07 62.92
Al203 28.90 27.73 23.82 23.28
FeO* 1.56 0.82 0.00 0.00
CaOo 12.22 9.69 4.18 3.52
Na20 3.98 5.40 9.30 9.51
K20 0.28 1.23 0.64 0.77
Total 100.00 100.00 100.00 100.00
Cations

Si 242 2.50 2.76 2.79
Al 1.55 1.48 1.25 1.22
Fe 0.06 0.03 0.00 0.00
Ca 0.60 0.47 0.20 0.17
Na 0.35 0.47 0.80 0.82
K 0.02 0.07 0.04 0.04
Ba 0.00 0.00 0.00 0.00
endmembers

Ab 36.46 46.70 77.30 79.50
An 61.86 46.31 19.20 16.26
Or 1.69 7.00 3.50 4.24

Oxides in wt%; * - total Fe-content

Position: G - groundmass mineral, C - core, R - rim
Name: pl - plagioclase, kfs - K-feldspar

Endmembers: Ab - albite, An - anorthite, Or - orthoclase

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

NUH-H1
phonolite

C
kfs
65.75
19.78
0.00
0.00
5.12
9.35

100.00

2.97
1.05
0.00
0.00
0.45
0.54
0.00

45.42
0.00
54.58

NUH-H1
phonolite

R
kfs
65.59
19.53
0.00
0.00
6.14
8.74

100.00

2.96
1.04
0.00
0.00
0.54
0.50
0.00

51.64
0.00
48.36
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NUH-H1
phonolite

G
kfs
66.14
19.38
0.00
0.00
5.48
9.00
100.00

2.98
1.03
0.00
0.00
0.48
0.52
0.00

48.06
0.00
51.94
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Table 3.: Pyroxene compositional data of NUH-V1 basalt and NUH-H1 phonolite flakes
3. tablazat: A NUH-V1 bazalt és a NUH-H1 fonolit kéeszk6zok piroxénjeinek dsszetétele

Sample NUH-V1 NUH-V1 NUH-V1 NUH-V1 NUH-V1 NUH-V1 NUH-H1 NUH-H1 NUH-H1
rock type basalt basalt basalt basalt basalt basalt | phonolite = phonolite | phonolite
Position G G G G G G G G G
Name aug aug aug aug aug opx hed hed hed
SiO2 48.73 48.31 48.16 52.00 51.21 53.70 47.19 48.22 46.53
TiO2 2.63 2.54 2.53 1.36 1.65 0.00 0.65 0.33 1.18
Al203 5.78 8.33 8.56 3.16 3.81 2.71 2.23 1.68 2.84
MgO 14.81 13.76 13.8 16.07 14.89 26.35 2.33 1.26 221
FeO* 8.71 8.09 7.98 8.70 8.41 15.82 23.63 25.25 23.65
MnO 0.00 0.00 0.00 0.00 0.00 0.00 2.52 2.66 2.15
CaO 19.34 18.97 18.97 18.71 20.04 142 19.48 19.18 19.79
Na20 0.00 0.00 0.00 0.00 0.00 0.00 1.98 1.42 1.65
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Cations

Si 1.81 1.80 1.79 1.93 1.90 1.94 1.88 1.95 1.86
Al4 0.19 0.20 0.21 0.07 0.10 0.06 0.12 0.05 0.14
Al6 0.06 0.16 0.16 0.06 0.07 0.05 0.00 0.03 0.00
Fe3 0.00 0.00 0.00 0.00 0.00 0.01 0.25 0.11 0.20
Ti 0.07 0.07 0.07 0.04 0.05 0.00 0.02 0.01 0.04
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.82 0.76 0.76 0.89 0.82 142 0.14 0.08 0.13
Fe2 0.27 0.25 0.25 0.27 0.26 0.47 0.54 0.74 0.59
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.09 0.07
Ca 0.77 0.76 0.75 0.74 0.80 0.05 0.83 0.83 0.85
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.11 0.13
mg#(fe2) 0.75 0.75 0.76 0.77 0.76 0.75 0.20 0.09 0.18
mg#(fe_tot) 0.75 0.75 0.76 0.77 0.76 0.75 0.15 0.08 0.14
endmembers

En 44.08 43.09 43.24 46.71 43.78 72.70 7.51 4.10 7.15
Wo 41.38 42.70 42.73 39.10 42.35 2.82 45.14 44.87 46.00
Fs 14.54 14.21 14.03 14.19 13.87 24.49 47.35 51.03 46.86

Oxides in wt%,; * - total Fe-content

Position: G - groundmass mineral

Name: aug - augite. opx - orthopyroxene. hed - hedenbergite
Endmembers: En - enstatite. Wo - wollastonite. Fs - ferrosillite
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Table 4.: Olivine compositional data of NUH-V1
basalt flake

4, tablazat: A NUH-V1 bazalt koéeszkoz
olivinjének Osszetétele

Sample NUH-V1 NUH-V1 NUH-V1
Rock type basalt basalt basalt
Position C R C
Name ol ol ol
SiO2 36.22 34.67 33.32
Al203 0.00 124 1.80
FeO 21.90 38.90 42.25
MnO 0.25 0.33 0.28
MgO 41.34 24.41 22.06
CaO 0.29 0.44 0.30
Total 100 100 100
Cations

Si 0.95 0.98 0.96
Al 0.00 0.04 0.06
Fe 0.48 0.92 1.02
Mn 0.01 0.01 0.01
Mg 1.61 1.03 0.95
Ca 0.01 0.01 0.01
mg#(fe_tot) 0.77 0.53 0.48
endmembers

Fo 77.09 52.79 48.20
Fa 2291 47.21 51.80

Oxides in wt%

Position: C - core, R - rim

Name: ol - olivine

Endmembers: Fo - forsterite, fa - fayalite

On the base of McAlister et al. (2017) results,
basalts occurring in other territories of Nuku Hiva
and the other islands of the Marquesas archipelago
have different chemical composition. The best
analogies by chemical composition to our basalt
flakes are the basaltic dykes from Henua Ataha,
which is occur in the North-western part of Nuku
Hiva, the same territory as of the locality of flake
NUH-V1. The MgO content is generally lower in
the tholeiitic basalts of the whole archipelago as in
the analysed sample except of Henua Ataha dyke.
Even the basalt stone tools that occur in Eiao island
and the basaltic rocks of the island which are the
best quality basalts to make stone tools in
Marquesas islands differ in chemical composition
from the studied NUH-V1 basalt. Therefore the
mineral composition and the appearance of the
analysed basalt flake fits pretty well to the tholeiitic
basalts occurring in Nuku Hiva.
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Table 5.: Oxide minerals compositional data of
NUH-V1 basalt and NUH-H1 phonolite flakes

5. tablazat: A NUH-V1 bazalt és a NUH-H1
fonolit kéeszkozok oxid dsvanyainak Osszetétele

NUH- NUH- NUH- NUH-

Sample V1 V1 V1 H1
phonolit

Rock type basalt basalt basalt e

Position | G G G

Name sp sp sp Ti-mt

SiO2 0.89 4.24 2.53

TiO2 17.82 6.98 9.26 14.92

Al203 4.77 7.07 4.67

MgO 2.95 5.57 3.61

FeO 60.65 56.59 64.07

Fe20s3 80.98

MnO 4.09

Cr20s3 12.92 19.56 15.85

Total 100.00 | 100.00 | 100.00 & 100.00

Cations

Si 0.14 0.09

Al 0.20 0.28 0.19

Fe3 0.44 0.56 0.72

Ti 0.47 0.18 0.24

Cr 0.36 0.52 0.43

Mg 0.15 0.28 0.19

Fe2 1.35 1.04 1.14

mg#(fe2) 0.10 0.21 0.14

mg#(fe_tot) 0.08 0.15 0.09
cr#(cr/(cr+al)
64.50 64.99 69.48

Usp 0.82 0.55 0.52

Oxides in wt%

Position: | - inclusion in olivine. G - groundmass
Name: sp - spinel. Ti-mt - titanomagnetite. Usp -
ulvospinel

The iddingsitic rim of olivine and the lack of
ilmenite phenocrysts of the Tekao type tholeiitic
basalts are also a good confirmation and sign that
our sample shows similarities to this type of
tholeiitic basalt of Nuku Hiva (Legendre et al.
2005b). The only difference is that phlogopite
occurs in our sample but there is no mention of it in
the literature of tholeiitic basalts of Nuku Hiva.
Phlogopite occurs only in benmoreite (Legendre et
al 2005b), which is an intermediate type of this
volcanic series, therefore the chemical composition
of benmoreite strongly differs from the analysed
flake.
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Table 6.: Phlogopite compositional data of NUH-
V1 basalt flake

6. tablazat: A NUH-V1 Dbazalt kdeszkoz
flogopitjanak Osszetétele

Sample NUH-V1 NUH-V1
Rock type basalt basalt
Position G G
Name phlog phlog
SiO; 41.68 42.38
TiO; 5.24 4.85
Al203 12.38 12.35
MgO 18.56 20.93
FeO* 10.27 7.31
K20 9.88 10.19
Total 98.00 98.00

Oxides in wt%
Position: G - groundmass
Name: phlog — phlogopite

Clinopyroxene composition of Tekao tholeiites
(Mg-rich augite, Legendre et al. 2005b) are very
close to which were analysed in NUH-V1 flake
(Fig. 13.).

85

Legendre et al. (2005b) also mentioned Ca-poor
pigeonite, whereas in the NUH-V1 flake we
measured ferroan-enstatite which is very close to
each other, almost within the analytical uncertainty
of the analysing instrument. In conclusion we can
confirm that the raw material of NUH-V1 basalt
flake originates from the local Tekao type tholeiitic
basalt mining site.

On the basis of the mineralogical and chemical
composition, NUH-H1 flake was made from
phonolite. This rock type is quite rare in the
Marquesas archipelago, and it cannot be found at
all in Nuku Hiva. Only known occurrence in the
archipelago is in Ua Pou, which island is located
about 40 km south from Nuku Hiva. The main rock
types of Ua Pou are phonolites, which are proved to
be used to make stone tools (Bishop and Woolley
1973, Legendre et al. 2005a, McAlister and Allen
2017). The mineralogical component of the studied
flake is almost the same as the C and D types of
peralkaline phonolites described by Legendre et al.
(2005a). The only differences are that in our flake
analcime (which have formed from the alteration of
nepheline) and a rare Zr and REE rich very fine
grained mineral phase - which could be an
eudialite-group mineral (probably a Ca-rich type
sergevanite) - have been identified, which minerals
have not been mentioned by Legendre et al.
(2005a)).

Table 7.: Feldspathoid compositional data of NUH-H1 phonolite flake
7. tablazat: A NUH-H1 fonolit kéeszkoz foldpatpotldinak dsszetétele

Sample  NUH-H1 NUH-H1 NUH-H1 NUH-H1
Rock type phonolite phonolite  phonolite phonolite
Position G G G G
Name | nepheline nepheline nepheline analcime
SiO; 48.18 46.46 46.78 55.49
AlO3 34.33 32.29 32.26 26.41
FeO* 0.00 1.24 1.20 0.00
Na,O 13.23 16.16 15.41 9.16
K20 4.25 3.85 4.34 0.93
Cl 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 92.00

Oxides in wt%
Position: G - groundmass
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NUH-H1 NUH-H1

NUH-H1 NUH-H1 NUH-H1

phonolite = phonolite  phonolite phonolite phonolite
G G G G G
analcime analcime  sodalite sodalite  sodalite
55.77 57.16 38.71 39.36 39.97
26.07 26.72 32.24 31.60 32.45
0.00 0.00 0.00 0.00 0.00
9.11 6.23 22.77 22.71 20.97
1.05 1.89 0.00 0.00
0.00 0.00 6.28 6.33 6.61
92.00 92.00 100.00 100.00  100.00
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Table 8.: Compositional data of the eudialyte group mineral of NUH-H1 phonolite flake

8. tablazat: A NUH-H1 fonolit kéeszkdzben eldforduld eudialit csoportba tartozd asvany dsszetétele

Sample | NUH-H1 = NUH-H1 NUH-H1 | NUH-H1 @ NUH-H1 | NUH-H1 @ NUH-H1 | NUH-H1
E/%?ak phonolite | phonolite | phonolite = phonolite = phonolite = phonolite = phonolite | phonolite
Position G G G G G G G G
Name eudialyte* | eudialyte* ' eudialyte* = eudialyte* | eudialyte* ' eudialyte* @ eudialyte* | eudialyte*
SiO, 40.64 39.64 39.30 35.99 35.11 39.10 37.65 38.14
TiO; 0.89 0.79 0.79 0.77 0.68 0.85 0.76 0.75
FeO* 4.28 4.04 3.87 3.74 3.54 4.10 3.58 3.87
MnO 2.38 2.89 2.97 2.07 2.52 2.27 2.23 2.77
CaO 31.44 33.15 33.04 27.31 28.82 30.06 33.47 31.70
Na20 9.77 9.34 9.18 8.94 8.53 9.50 8.58 9.08
ZrO; 10.59 10.14 10.84 9.18 8.80 10.12 9.73 9.69
Total 100.00 100.00 100.00 88.00 88.00 96.00 96.00 96.00

Oxides in wt%
Position: G - groundmass

Remark: eudialyte* - eudialyte group mineral. probably Ca-rich sergevanite

The chemical composition even the major elements
and the analysed trace elements and REE-s of the
NUH-H1 flake is almost the same as the D type
phonolite of Ua Pou (Legendre et al 2005a).
Clinopyroxenes of the NUH-H1 flake (Fig.12.)
show a very close composition to which can be
found in peralkaline phonolites of Ua Pou, mainly
their C- and D-types (Legendre et al. 2005a). Also
there is no knowledge of imported stone tools from
other, farther archipelagos of the Pacific ocean until
now (McAlister and Allen 2017). All this
information confirms that the provenance of the
studied phonolite flake is Ua Pou.

Conclusion

The investigated two artefacts are very similar in
their macroscopic properties. At the same time, a
detailed petroarchaeological analysis could find
essential differences in the raw material and
consequently in the potential source area as well.
NUH-V1 was made of basalt while NUH-H1 was
made of phonolite. The artefact made of basalt
agrees well with the composition of the tholeiitic
basalt occurring in the region of Vaitehii, within
them, the so-called Tekao type basalt, that is, the
flake originated from the local rock. Opposed to
this, the object from Ha’anihani bay was made of
phonolite, a rock type which does not occur on the
island of Nuku Hiva. It is only known from an
island about 40 km to the south of Nuku Hiva,
namely Ua Pou where it crops out in significant
quantities. According to the detailed petrographic
and geochemical analyses, the composition of the
phonolite artefact is very similar to that of the
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phonolite from Ua Pou, therefore we can conclude
that it originated from there.

In conclusion we can confirm that the raw material
of NUH-V1 flake have found in Vaitehhii | locality
made from the local tholeiitic basalt mining site. On
the contrary the flake have found in the Ha’anihani
bay made from phonolite, and the provenance of
this flake is Ua Pou.

Acknowledgements

Many thanks to Judit Antoni and Alfred Falchetto
to give us their stone tools for analysis, and also
thanks to Sandor Jozsa for preparing the thin
sections studied in this work.

References

ANTONI, J. & FALCHETTO, A., (2021): Vaitehii:
the cradle of the basalt adze-blades on Nuku Hiva,
Marquesas Islands, Archeometriai Miihely XVI111/1
55-74.
https://doi.org/10.55023/issn.1786-271X.2021-004

BENDO), ZS., SZAKMANY, GY.,
KASZTOVSZKY, ZS., T. BIRO, K., OLAH, 1.,
OSZTAS, A., HARSANYI, I, SZILAGYI, V.
(2019): High pressure metaophiolite polished stone
implements found in Hungary. Archaeological and
Anthropological  Sciences 11/5 1643-1667;
electronic version: https://doi.org/10.1007/s12520-
018-0618-6,

BISHOP, A.C., WOOLLEY, A. R. (1973): A
Basalt-Trachyte-Phonolite Series from Ua Pou,



https://doi.org/10.55023/issn.1786-271X.2021-004
https://doi.org/10.1007/s12520-018-0618-6
https://doi.org/10.1007/s12520-018-0618-6

Archeometriai Mithely 2021/XVIIL./1.

Marquesas Islands, Pacific Ocean. Contributions to
Mineralogy and Petrology 39 309-326.

BRADAK, B., SZAKMANY, GY., JOZSA, S.,
PRICHYSTAL, A. (2009): Application of magnetic
susceptibility on polished stone tools from Western
Hungary and the Eastern part of Czech Republic
(Central Europe). Journal of Archaeological
Science 36 2437-2444.

LEGENDRE, C., MAURY, R.C., CAROFF, M.,
GUILLOU, H. COTTENI, J. CHAUVEL, C.
BOLLINGER, C., HEMOND, C. GUILLE, G.,
BLAIS, S., ROSSI, P., SAVANIER, D. (2005a):
Origin of Exceptionally Abundant Phonolites on Ua
Pou Island (Marquesas, French Polynesia): Partial
Melting of Basanites Followed by Crustal
Contamination. Journal of Petrology 46/9 1925-
1962. https://doi.org/10.1093/petrology/eqi043

LEGENDRE, C., MAURY, R.C., SAVANIER, D.,
COTTEN, J., CHAUVEL, C., HEMOND, C.,
BOLLINGER, C., GUILLE, G., BLAIS, S,
ROSSI, P. (2005b): The origin of intermediate and
evolved lavas in the Marquesas archipelago: an
example from Nuku Hiva island (French
Polynesia).  Journal of Volcanology and
Geothermal Research 143 293-317.
https://doi.org/10.1016/j.jvolgeores.2004.12.001

McCALISTER A, ALLEN MS (2017) Basalt
geochemistry reveals high frequency of prehistoric
tool exchange in low hierarchy Marquesas Islands
(Polynesia). PLoS ONE 12/12 e0188207 1-28:
https://doi.org/10.1371/journal.pone.0188207

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

87

REVAY, Zs. (2009) Determining elemental
composition using Prompt y Activation Analysis
Analytical Chemistry 81 6851-6859.

SZAKMANY, GY., KASZTOVSZKY, ZS.,
SZILAGYI, V., STARNINI, E., FRIEDEL, O.,
BIRO, K. T. (2011a): Discrimination of prehistoric
polished stone tools from Hungary with
nondestructive chemical Prompt Gamma Activation
Analyses (PGAA). European. Journal of
Mineralogy 23 883-893.

SZAKMANY, GY., STARNINI, E., HORVATH,
F. BRADAK, B. (2011b): Investigating Trade and
Exchange Patterns in Prehistory: Preliminary
Results of the Archaeometric Analyses of Stone
Artefacts from Tell Gorzsa (South-East Hungary). —
in: TURBANTI-MEMMI, | (ed.): Proceedings of
the 37th International Symposium on
Archaeometry, 12th-16th May 2008, Siena, lItaly,
Springer-Verlag Berlin Heidelberg: 311-319.

SZENTMIKLOSI, L., BELGYA, T., REVAY, Zs.,
KIS Z. (2010): Upgrade of the prompt gamma
activation analysis and the neutron-induced prompt
gamma spectroscopy facilities at the Budapest
Research Reactor. Journal of Radioanalytical and
Nuclear Chemistry 286 501-505.
http://dx.doi.org/10.1007/s10967-010-0765-4.

WILLIAMS-THORPE, O., THORPE, R.S. (1993).
Magnetic susceptibility used in non-destructive
provenancing of roman granite  columns.
Archaeometry 35/2 185-195.



https://doi.org/10.1093/petrology/egi043
https://doi.org/10.1016/j.jvolgeores.2004.12.001
https://doi.org/10.1371/journal.pone.0188207
http://dx.doi.org/10.1007/s10967-010-0765-4

Archeometriai Mithely 2021/XVIIL/1.

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

88



Archeometriai Miihely 2021/XVIII/1.

89

KOZLEMENYEK

Konyvismertetés*®

Falko Daim - Kurt Gschwantler - Georg Plattner
Peter Stadler (Hrsg.)

Birgit Buhler - Viktor Freiberger

BUHLER, Birgit & FREIBERGER, Viktor:

Der Goldschatz von Sannicolau  Mare
(ungarisch: Nagyszentmiklés). Hrsg: Daim,
Falko; Gschwantler, Kurt; Plattner, Georg &
Stadler, Peter. Verlag des Romisch-Germanischen
Zentralmuseums, Mainz, 2018. 2 kotet, szoveg,
272 p. 47 tabla részben szines képekkel; tablakotet
560 p. tobbségében szines tablakkal.

A Karpat-medencében, de talan Europaban is alig
van olyan leletegyiittes, amit annyi orszag érezhet
joggal magaénak, mint a Nagyszentmiklosi kincs. A
mai Romania teriiletén 1799-ben eldkeriilt, azota
Bécsben 6rzott aranyedények keltezésérdl és
népességérél hagyomanyosan harom elképzelés
merilt fel: 7-8. szazadi késé avar O6tvosremek, 9.
szazadi bolgar aranyedények, honfoglalas kori
magyar, 10-11. szazadi fejedelmi készlet. Az
ohatatlanul is nemzeti érzésektdl athatott kutatasok
utan kiilondsen nagy jelentdsége van minden olyan
vizsgalatnak, amely archeometriai modszerekkel
ujabb, egzakt adatokat szolgaltat a kérdések
megoldasahoz. Az ezredforduléon az aranykincs
bécsi (1994) majd masodik budapesti kiallitasa
(2002) uj lendiiletet adott a kutatasoknak, a magyar

* doi: 10.55023/issn.1786-271X.2021-006
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allaspontot egyértelmiien jelezte mar a katalogus
cime is: A nagyszentmiklosi kincs — Az avarok
aranya. A magyarorszagi bemutaté alkalmat
teremtett a Kurt Gschwantler, Falko Daim, Peter
Stadler altal vezetett nemzetkdzi kutatasi projekt
1995 o6ta folydé munkdjanak és terveinek
ismertetésére is. Az egyedi aranytdrgyak esetében
kiilonosen fontos volt a roncsolasmentes eljaradsok
hasznalata, ezért XRF, ASEM (Atmospheric
Scanning Electron Microscopy) vizsgalatokkal
tartak fel az alapanyag, a kiilonb6z6 javitasok
forraszanyagainak az Osszetételét. Kovetkezd
Iépésben a komplexebb értelmezés érdekében
Viktor Freiberger megprobalta rekonstrualni az
edények gyartasi folyamatat, pasztazo
elektronmikroszkoppal meghatarozni az
atdolgozasra, kiegészitésekre utalé nyomokat is. Az
iivegmaradvanyok alapjan elkészitették a 19. pyxis
szamitogépes, szines grafikai rekonstrukcidjat is.
Az archeometriai eredmények értelmezéséhez a
kincs ikonografiai elemei, feliratai, régészeti,
miivészettorténeti  vonatkozasi  parhuzamaibdl,
széles meritésii adatbazist épitettek, a kétkotetesre
tervezett monografidhoz pedig megkezdték az
edények részletes fotdzasat, beleértve a pasztazo
elektronmikroszkopi felvételek készitését is. A
2005-ig (valdjaban 2006) futé projekt elsd
kotetében az archeometriai  vizsgalatok teljes
dokumentaciojanak a kozreadasat, a masodikban a
Karpat-medence és a Balkan késé kora kozépkori
torténetének  Osszefoglalasat tervezték. Oridsi
lendiiletet adott a vizsgalatoknak, hogy 2003-ban az
osztrak kutatasfejlesztési alap (Fonds zur Férderung
der wissenschaftlichen Forschung - FWF) egy
kifejezetten az  aranykincs  roncsolasmentes
vizsgalatai céljara atalakitott pasztazo
elektronmikroszkopot (SEM) telepitett a Bécsi
Egyetem Régészettudomanyi Intézetébe, mellyel
Mathias Mehofer elemezte a targyakat.

A projekt eredményeinek Osszefoglalod
megvitatdsara nemzetk6zi konferenciat rendeztek a
bécsi Kunsthistorisches Museumban 2010. oktober
7. és 9. kozott, ahol Viktor Freiberger és Birgit
Biihler is beszamolt az aranylelettel kapcsolatos
Otvostechnikai megfigyeléseikrol, készitéstechnikai
szempontll  tapasztalataikrol, az atdolgozasra,
kiegészitésekre utaldo nyomok értékelésérdl. A
konferencia sajnos csak 6t évvel késébb megjelend
kotetében kozreadott rovid beszamoldjuk is mar
egyértelmiien jelezte, hogy az uj archeometriai
vizsgalatok eredményei mar Onmagukban is
alapvetden 01j alapokra helyezik a Nagyszentmiklosi
kinccsel kapcsolatos kutatasokat. A két kutatd a
komplex vizsgalatok eredményei, a technoldgiai
eljarasok, eszkozlenyomatok alapjan  olyan
edénycsoportok kozott is szoros kapcsolatokat


https://doi.org/10.55023/issn.1786-271X.2021-006

Archeometriai Mithely 2021/XVIII/1.

mutatott ki, amelyeket a korabbi, inkabb régészeti,
mivészettorténeti megkdzelitésii  elemzések a
kincsen belill eltéré idészakokba soroltak. Az
edények készitése soran hasznalt eszk6zok, sajatos
otvostechnikai megoldasok példaul meglepé modon
egy csoportba kapcsoltak olyan, ranézésre
stilisztikai szempontbol egymastdl teljesen eltérd
targyakat, mint az alakos abrazolasu 2., 7. korsoé és
a 8. csésze, vagy az ugynevezett palcika indas (13-
16., 20-21.) talak, valamint a 19. pyxis. Példaul a 2.
és 7. sz. kancs6 hatterének kialakitasahoz teljesen
hasonld, konnycsepp alak(l szerszamot hasznaltak.
A 8. csésze vizszintes fogantytjan, valamint a 3., 6-
7. korsoknal is a térhatds ndvelésére a hatteret
gylrlis végli ponccal alakitottak ki, raadasul a 8.
csésze €s a 7. korso esetében az eszkdzlenyomatok
méretei ugyanazon szerszam hasznalatara utaltak.
Tobbségében a palcika indas csoporthoz sorolt
edényeken fordultak el6 a haromszdg alaku,
,nyilhegy” munkaszélii lenyomatok is (8., 10., 13,
14., 15., 16. és 20. edények). Mas esetekben pedig a
teljes formai hasonlosag ellenére is, mint a 9. és 10.
szamu talparosnal, egyetlen ponton sem Ilehetett
azonos szerszamok hasznalatat bizonyitani, sot,
még az elvileg hasonld feladatokhoz (pl. hattér
poncolasa) is gyakran kiilonb6z6 tipust eszkozoket
alkalmaztak, ami akar eltéré mithelyre is utalhat. Az
eredményeik alapjan a kincsleletben az eddig
feltételezettnél szélesebb korben és szorosabban
egymashoz kothetd targyak kapcsan azt gondoltak,
hogy a jelenség hatterében részben az altalanos és
hossza  id6n at alig valtozd6  kézmiives
hagyomanyok, az egymashoz szorosan kapcsolodo
mithelyek, "mihelykorok" allhattak. Masrészt ez
szerintik  jelzés arra nézve is, hogy az
aranyedények készitése soran nem telhetett el olyan
hosszii id6, mint azt kordbban gondoltak. Az
eredetileg  palacknak késziilt edények fiiles
korsokkd valo atalakitasa, a 8. csésze vizszintes
fiillel-, a 20-21. talak csattal vald kiegészitése, a 11-
12. poharakon megfigyelt, félbemaradt atalakitas
nyomai alapjan pedig felvetették azt a kérdést, hogy
mindezek Osszefiigghettek-e a targyak tulajdonos-
valtozasaival is.

A bécsi konferencia alaphangjat megado
archeometriai kutatdsok eredményeit jol kiegészitd
eléadasok koziil Egon Wamersnek a 19. pyxis
rekonstrukci6jahoz €s ujraértékeléséhez kapcsolodo
beszamolodja a kincslelet egészét is a korabbiakhoz
képest teljesen 0j Osszefliggésrendszerbe helyezte.
A kutaté mar tanulmanya cimében is jelezte, hogy
szerinte a Nagyszentmiklosi kincs nem tekinthetd
avar kori 6tvosterméknek, amikor a 19. pyxist a 8-
9. szazadi eur6pai mivészet kontextusaban
vizsgalta, kiilonds tekintettel a Bizanc-Alpok-Dél-
Karoling liturgikus miivészet és épitészet 800 koriili
évtizedekben keletkezett alkotasaira. A szines,
iivegberakast pyxisen lathaté ,¢letfa” ¢és griff
szerinte az adott korban mar egyértelmien
keresztény motivum, s a kereszttel diszitett,
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eredetileg  fedéllel ellatott edény liturgikus
hasznalatat feltételezte. Fiillel valo felszerelését,
ivoedénnyé  alakitdsat,  masodlagos  profan
hasznalatat mas kulturalis kontextushoz kototte. Az
altalanos  morfologiai, miivészettorténeti  és
ikonografiai szempontok alapjan a 19. pyxis a
(keleti) Alpok-Fels6-Olaszorszag-Adria régioban, a
9. szazad kozepénél nem késébb késziilhetett.
Megfigyelései szerint a Nagyszentmiklosi kincs 1-7
kors6ihoz hasonld edényeket a liturgidban a keleti
és a nyugati egyhazban egyarant hasznaltak a 9.
szazad elso felében. Ezért a kincs egészére nézve is
megfontolandonak tartja, hogy annak egyes részei
eredetileg a liturgia eszkozeiként egyhazi
felszereléshez tartozhattak, amelyek valamilyen
modon pogany kezekbe keriiltek, ahol sajat
céljaikra alakitottadk at. Mar ezen egyetlen edény
kulturalis kapcsolatainak részletes elemzése is
jelezte, hogy a leletek nem csak hogy nem
tekinthetdk  egységesen  7-8. szazadi avar
otvosremekeknek, de elrejtésiik sem torténhetett a
9. szazad el6tt, ami legalabb korban kozelebb allt a
bolgar kutatas altal sajat fejedelmeikhez kotott, 7-9.
szazadi kincs keltezéshez.

A Nagyszentmiklosi kincs komplex archeometriai
vizsgalatainak évtizedekre elnyald folyamatanak
fordulatai jelentésen befolyasoltak a végiil 2018-
ban megjelent monografidanak az eredeti tervektol
jelentdsen eltéré szerkezetét és tartalmat is. A
konyvet kézbe véve az izlésesen latvanyos, és a
tartalmat is tokéletesen kifejezd boritdt nézegetve
sz6 szerint is érezzlk a két, a papir mindségében és
a kotészetben is a mindségre torekvo kotet sulyat. A
tartalomjegyzék olvasasakor az eldzetes tervek
ismeretében némileg meglepd, hogy hiaba lapozunk
tovabb, abban valéban mindossze csak harom
tanulmany cime szerepel, minden tovabbi
Osszefoglald értékelés nélkill. A szovegkdtet rovid
bevezetdjében Falko Daim a projekt torténetének
rovid attekintése és a koszonetnyilvanitasok mellett
szinte csak utal arra, hogy a projekt eredményeit
értékel6, az elozetesen tervezett  tOrténeti
Osszefoglald munkat a  bécsi  konferencia
eldadasainak kotetével potoltak, az archeometriai
vizsgalatok eredményeinek kozlésével pedig meg
kellett varni a kiterjedt képanyag elkésziiléseét is.

Prohdszka Péter a Nagyszentmikldsi kincs
torténetét az eredeti iratok, jegyzOkonyvek
segitségével feldolgozo nyitd tanulmanya nem csak
a kincs darabjainak begytijtésével, elékeriiléskori
allapotaval kapcsolatban ad minden korabbinal
részletesebb képet, hanem az eldkeriilés helyét is
pontositja. Kitér a bécsi udvari kamara 1800-as
tovabbi kutatasainak aktaira is. A kincs eldkeriilési
helyét a korabban a Nagyszentmikloshoz tartozo, az
Aranka folyo altal olelt Sziget nevli részen
feltételezték, a mai utcahaldzat alapjan a Strada
Comorii 19. haz teriiletére esO részen, ahol azonban
Bélint Csandd 2004-es kutatasai nem hoztak
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értékelhetd eredményeket. Prohaszka Péter arra
hivja fel a figyelmet, hogy a kincs eldkeriilésének
koriilményeit részletesen leird jegyzOkonyvek
alapjan az aranytargyakat annak idején Neza Vuin
és fia arokasas kozben a hazuk udvaran talaltak,
ahogy azt a kovetkezd év kamarai kutatdsainak
jelentései is megerdsitettek. Igy a Szigetnek még az
I. Katonai felmérésen is lakatlan teriiletként vald
abrazolasa alapjan kizarhaté a leletek ottani
elokeriilése. Meggy6z6 érvekkel bizonyitja, hogy a
kincset az eddig feltételezettdl valdjaban joval
északabbra, a teleplilésnek az Aranka folyo
kanyarulataban mar a 18. szazad végén is lakott
részén talaltadk meg.

A jegyz6konyveknek az egyes targyak allapotara,
sériiléseire vonatkoz6é adatai fontos tdmpontot
jelentenek az archeometriai vizsgalatok adatainak
az értékeléséhez is. Birgit Biihler és Viktor
Freiberger a kotet gerincét adé munkdjukban
egységes szempontrendszer szerint csoportositva
irta le az alaposan megvizsgalt targyakat, a
mérések, megfigyelések adatait. Céljuk az volt,
hogy ezek segitségével majd tisztdzni lehessen,
hogy hogyan kapcsoldodnak egymashoz az egyes
targyak, ugyanabban a mihelyben gyartottak-e,
ugyanazokkal a mihelyfogasokkal, mikor ¢és
hogyan alakitottak at 6ket, milyen eszkéznyomok
figyelheték meg, az alapanyagok, forraszok
Osszetétele mennyire és miben tér el. Alapadatok
(méretek, suly, aranytartalom, 6rzési hely, leltari
szam) megaddsa utan a targy allapotanak részletes
leirasa  kovetkezik, kiilonds figyelemmel a
készitéssel és az estleges késobbi beavatkozasokkal
kapcsolatos nyomok elkiilonitésére. A technoldgiai
leirason  beliil kiilonvalasztva szerepelnek az
edénytestek kialakitasaval és a diszitésekkel, az
esetleges feliratokkal, az azokhoz hasznalt
szerszamokkal kapcsolatos megfigyelések. Ujabb
szakaszban targyalnak minden utdlagos
beavatkozasra,  atalakitasra  utald6  nyomot.
Kiilondsen fontos, és régészeti szempontbdl jol
hasznalhat6, hogy az onmagukban is rendkiviil
jelentds, minden  korabbi = megfigyelésnél
részletesebb adataikat egy-egy rovid Osszefoglalo
keretében még kiegészitik a szerszamlenyomatok, a
poncolt diszitések, tovabbi megmunkaldsra utald
jelenségek  kincsleleten  beliili ~ sszehasonlitd
elemzésével is. Az utdlagos beavatkozasok, az
atalakitasok, javitasok, a késoi korok
restauralasainak nyoma legjobban a forraszanyagok
eltérései révén kovethetd, ezért ennek vizsgalatara
nagy suly fektettek, miként az edények egyes
részeinek Osszetétel elemzéseire is. A részletes
adatsorokbol csak a legjellemzobb mérési pontok
eredményeit emelték ki, a teljes listat a kotet zaro
tanulmanyanak tablazatai tartalmazzak.

Mathias Mehofer a kincslelet targyait a mar
emlitett, az FWF tdmogatasaval vasarolt Zeiss EVO
60 XVP pasztazo elektronmikroszkophoz kapcsolt
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energia-diszperziv rontgenspektrométerrel (EDS)
elemezte. A méréfeliiletek mérete 30 pm x 20 pm
és 4 mm x 4 mm kozott mozgott. A specialis
igények miatt a késziiléket az elolrél a
mintakamraba iranyitott egyetlen kamera mellett a
bal oldalon kiegészitették még egy 90 °-kal eltolt
latészogli tovabbi kameraval is, a jobb oldalara
pedig egy 160 mm x 170 mm x 130 mm méretli
toldast tettek, hogy a nagyobb edényeket is sériilés
nélkil, biztonsagosan be lehessen helyezni (csak a
meéretkorlatokat igy is meghaladé 1. korsét nem
tudtdk megvizsgalni). A mérések el6készitését
tovabb nehezitette, hogy a mérési geometria
jelentdsen befolyasolja a képalkotas és az elemzés
pontossagat, ezért a dombort feliiletii targyakat
nagyon gondosan megtervezett modon kellett a
targyasztalra rogziteni. A méréseket
miitargyvédelmi okokbol minden esetben a targyak
feliiletén végezték, a szerzé nagyon korrekt moédon
felhivja a figyelmet ennek a modszernek ¢és
maganak az EDS elemzéseknek a korlataira, hogy a
kapott adatok minden esetben csak az adott pontra,
és nem a targy egészére vonatkoznak, a feliilet
korrézidja miatt csak tajékoztatd jelleglinek
tekinthetdk. Sajnos, azonban meg sem emliti azt, a
magyar kutatds altal mar az 1990-es években
megfigyelt tovabbi, a felilleten végzett mérési
eredményeket alapvetden befolyasold tényez6t, ami
a targyak készitésével, foleg hokezelésével fiigg
Ossze. Pedig mint arra az el6z6 fejezetben a
készitéstechnikai vizsgalatok szdmos targy estében
egyértelmiien ramutattak, az aranyedények nagy
részét az anyag alakithatésaga, lagyitdsa miatt
bizonyithatéoan jelent6s hd érte. (A homérséklet
szerepét a szerz0 csak a forraszoknal emelte ki, ahol
a felileti réteget a mérési pontokon savval
tisztitottak le.) Az aranykincs 21 edényének
vizsgalata soran (az 1. kors6 nem fért be a
mintakamraba, a 12. pohar pedig korabban
elveszett) Osszesen 1300 EDS mérés és 1526
részletes felvétel késziilt, ami targyanként atlagosan
65 elemosszetételt és 76 SEM képet jelent. Az
anyagosszetétel elemzések  eredményei a
tanulmanyhoz mellékelt tablazatokban vannak.

A monografia masodik kotete tartalmazza Birgit
Biithler és Viktor Freiberger Nagyszentmiklosi
kincs vizsgalataihoz kapcsol6do szempontjai szerint
készitett boOséges mennyiségli és nagyon jO
mindségll, a tovabbi kutatadsokat is jelentdsen segitd
szines fotokat és pdasztazd -elektronmikroszkopi
felvételeket. Az aranykincs Hampel Jozsef éltal
kialakitott =~ szamozasa  szerint  edényenként
csoportositott fototablak latvanyosan, a legaprobb
részleteket is megjelenitve, ugyanakkor jol
kovethetéen  tamasztjak alda a  szerzOparos
megfigyeléseit. Azonban a rendkivill informativ
képek sem potolhatjak (még a bécsi konferencia
el6adasaival kiegészitve sem), a kincslelet
egészének a projekt eredeti menetrendje szerint a
masodik kotetben tervezett 6sszefoglald értékelését,
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a térség ¢és a korszak beigért szintetizalo torténeti
bemutatasat. A valtozas okai kozott bizonyosan
vannak elére nem lathatdo tényezOk is, de ebben
felteheten szerepe lehetett éppen az 0j vizsgalati
eredmények minden korabbi megkdzelitésnek,
csoportositdsnak ellentmondd adatainak is. Ez
utobbiak kapcsan érdemesnek tlinik tovabbgondolni
Egon Wamersnek a 19. pyxisre vonatkozo, 9.
szazadndl nem korabbi kormeghatdrozasat ¢és
felvetését, hogy a kincs egyes részei eredetileg a
liturgia  eszkozeiként egyhazi  felszereléshez
tartozhattak, amelyek valamilyen médon pogany
kezekbe keriiltek, ahol sajat céljaikra alakitottak at.
Az utdlagos atalakitasok ténye a monografia adatai
alapjan egyértelmtien kovethetd. Viszont nem
szamoltak azzal a lehetGséggel, hogy a formai,
funkcionalis atalakitasokkal parhuzamosan az
alaptestekre a diszitések egy részét is jelentds
idokiilonbséggel vihették fel. Ez kiilondsen
szembedtld példaul a régészeti, miivészettorténeti
érvek alapjan kiilonb6z6 horizontokba sorolt 3., 6.,
7. korsok és a 8. csésze esetében, amelyeket
egybekapcsol a nagyon hasonlé formai- és
technikai hatterti palmettas ndvényi minta, a hattér
térhatasanak novelésére alkalmazott azonos (vagy
nagyon hasonlo) gytriisponccal késziilt diszités. Az
archeometriai vizsgalati adatok lancolata szerint
pedig az Aaltalanos formaktol eltéré S- és csepp
alaki eszkozlenyomatok alapjan még ehhez a
csoporthoz kotédnek a 2., 13-16., 19-21. edények
is. Mindezek pedig arra mutatnak, hogy az
aranytargyakon a motivumok egy részét a formai
atalakitasokkal egylitt  ugyancsak  késébb
készitették, mintegy azonos izléshez igazitva az
egyébként eltérd stilush és eredetii edényeket. A 3.,
6., 7. korsok ¢és a 8. csésze ndvényi
ornamentikajanak formaja, lapos domboritasa, a
hattér gytriisponccal vald kitoltése egyarant a
legszebb honfoglalas kori palmettas
otvostargyainkat idézi  (bezdédi tarsolylemez,
geszterédi  szablya stb.). A diszitdelemek
hasonlésagan tal példaul a rakamazi korongon a
szajaban palmettds indat, karmaiban két fiokajat
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tart6 sas lényegében a 2. korsonak a sasnak leveles
indat tartd6 nd parvalasztasra, naszra utalo
leegyszertsitett jelenete, ami azt is jelzi, hogy a
targyakon  lathatd  abrazolasok egy  része
gondolatisagban, jelképrendszerben is honfoglal6-
inkhoz kothetdk.

A monografia adatai (az olvas6 altal hianyolhato)
részletes torténeti-régészeti szempontl értékelése a
tovabbiakban rendkiviil j6 kiindulasi alapot jelent
majd a szakteriilet kutatdinak. Sajndlatos, hogy az
éppen magyar szempontbol rendkiviil fontos, a
leletegyiittessel  kapcsolatos — tovabbi  kutatasok
iranyat  hosszu  évekre  meghatarozo  miivet
megjelenése utan két évvel sem lehetett még elérni
egyetlen hazai konyvtdrban sem. Pedig Birgit
Biihler és Viktor Freiberger megfigyeléseit az
utobbi évtized kutatdsi eredményeivel kiegészitve
az mar igy is jol lathatd, hogy a kincs targyai
készitésének ideje, helye nem kothetd csak az
avarokhoz. Szamolni kell azzal, hogy a kiilonboz6
idészakokban készitett, egyenként is eltérd modon
formal6do, részben utdlag felvitt diszitések adjak a
széles korbol (akar ajandékként, rablassal, a
kalandozasok soran kolostorok kifosztasaval stb.)
Osszegyiijtott Nagyszentmiklosi kincsnek  sehol
masutt nem tapasztalhaté és megismételhetetlen
egyediségét, az egyes targyaknak, elemeknek az
Uraltél, Irantdl, Kaukazustél kezdve Bizancon,
Italian, az Alpokon at Anglidig kovethetd
parhuzamai ellenére is.

Az Ujabb adatok és megfigyelések arra s
ravilagitanak, hogy visszakanyarodva a magyar
kutatasban Laszlé Gyula, Vékony Géabor altal mar
korabban feltételezett keltezéséhez, megalapozottan
lehet szamolni a kincs 9. szdzadnal nem korabbi
elrejtésével, irds- és nyelvtorténeti érvek alapjan az
aranyedények akar 10—11. szazadi hasznalataval is.

Szabo Géza
Wosinsky Mor Mizeum, Szekszard
kaladeaa@gmail.com
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