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Abstract

Between the settlements dating from the Middle Palaeolithic in Romania, a special place is held by the
Mousterian from the Carpathian caves which provided lithic industries made of a great diversity of local rocks:
flint, chaille, chert, jasper, radiolarite, quartz, quartzite, quartzolite, andesite, basalt, diorite etc. So far, all the
specialized studies highlight the use of rocks other than flint, chaille or chert as a form of substitution of the
high-quality raw materials missing in a certain area. As the use of certain types of rocks provides particular
technological and typological features to the material culture from the Carpathian caves, we shall attempt to
understand to what extent the Mousterian dwellers of the Carpathian caves chose, for debitage, certain
categories of rocks with different mechanical properties and petrographic characteristics. The types of rocks
analysed in this article come from the following Mousterian settlements: Bordul Mare Cave from Ohaba Ponor,
Curata Cave from Nandru, Cioarei Cave from Borosteni and Muierii Cave from Baia de Fier. Besides the
prevalent use of local rocks, which denotes opportunistic behaviour and particular adaptability in relation to
resources existing around the settlements, we find there are differences in selecting the types of raw material.

Kivonat

A romaniai kozépso paleolitikus lel6helyek kozott fontos helyet foglalnak el a Karpatok barlangjainak moustiéri
rétegei, amelyek leletei olyan helyi kozetekbdl késziiltek, mint a tizko, kova, szaruko, jaspis, kvarc, kvarcit,
kvarcolit, andezit, bazalt, diorit, stb. Az eddigi tanulmanyok szerint a kiilonbozo, gyengébb mindségii kova- és
szaruko fajtak felhasznaldasat az tette sziikségessé, hogy az adott régiobol hianyoztak a jo mindségii
nyersanyagok forrasai. Mivel a kiilonbozé kézetek felhaszndldsa kiilonbozé eszkoztipusok és technoldgiai
Jellegzetességek felhaszndlasat teszi lehetévé, a cél annak megértése, hogy az itt él6 emberek miért valasztottik
az egyes eltéré mechanikai és kozettani jellemzokkel rendelkezd kozeteket. Az elemzett kozettipusok: a Bordul
Mare-barlang (Ohaba Ponor — Ohdbaponor, Hunyad megye), a Curata-barlang (Nandru — Nandor, Hunyad
megye), a Cioarei-barlang (Borosteni — Gorj megye) és a Muierii barlang (Baia de Fier — Gorj megye)
moustiéri lelohelyeirdl szarmaznak. Az eredmények arra utalnak, kézépsé paleolitikus kézosségek, opportunista
viselkedést és alkalmazkodoképességet mutatva, tulnyomo részben a kozeli nyersanyagforrasokat hasznaltak.
Ugyanakkor, bizonyos kiilonbségek is kimutathatoak a nyersanyag valasztas esetében.

KEYWORDS: MIDDLE PALAEOLITHIC, CARPATHIAN CAVES, RAW MATERIAL, PETROGRAPHIC ANALYSES,
MICROSCOPIC ANALYSES
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ELEMZESEK

Introduction Generally, man’s most favourite rocks in Prehistory

o ] to produce the tools are of the sedimentary siliceous
Among .the settlements of Romania in which type: flint, chaille, chert, jasper, radiolarite.
Mousterian cultural layers have been defined, a Romanian geologists call them quite frequently
special place is held by the Mousterian from the silicolites. Among the jaspers, there are two
Carpathian caves which provided lithic industries varieties, more commonly encountered in the
ma@e of a great diversi'ty ‘{f local rocks: ﬂint, Palaeolithic, named lydienne and phtanite.
chaille, chert, jasper, radiolarite, quartz, quartzite, Moreover, Romanian geologists include menilites
quartzolite, andesite, basalt, diorite etc. in this category (Papiu 1960).
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Fig. 1.: Geographic location of the researched caves

1. abra: A vizsgalt barlangok foldrajzi elhelyezkedése
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In addition to metamorphic rocks of the quartzite
type, the Neanderthal man from the Carpathian
caves, mainly the Cioarei-Borosteni Cave, also used
several types of igneous rocks. Among the igneous
plutonic rocks, we can mention the use of
quartzolites, granitoids and different types of
granites, granodiorites, syenites, monzonites or
diorites. Quartzolites are rocks with massively
compact texture, an often equigranular structure,
which are composed of 90% quartz along which
other various minerals may appear. Granites are
plutonic rocks made of quartz, alkali feldspars,
plagioclases and few mafic minerals. They have
holocrystalline structure and massive, sometimes
varved, texture. Granodiorites are rocks formed
mainly of quartz, plagioclase and alkali feldspar,
with massive texture. At macroscopic level,
granites and granodiorites differ from other rocks in
the abundant presence of quartz. Syenites are
plutonic rocks in which felsic minerals are almost
exclusively represented by alkali feldspars and
plagioclases. Monzonites are plutonic rocks in
which  felsic minerals are preponderantly
represented by alkali feldspars and plagioclases in
relatively equal proportions. Diorites are phaneritic
rocks comprised of plagioclases (andesine and
oligoclase) and mafic minerals. They are
echigranular and present a low to high granulation,
gray colour (the typical “salt and pepper” aspect)
(Mares et al. 1989).

Of the volcanic igneous rocks, rhyolites, basalts and
andesites were used. Rhyolites are volcanic rocks
composed mainly of quartz, alkali feldspar and
plagioclase. They have porphyric or microporphyric
structure. Basalts are aphanitic rocks made of mafic
minerals and plagioclase. They are dark-coloured
rocks, black or gray-black. When chloritized,
basalts have a greenish colour, and when oxidized,
they are reddish brown. They present various
textures: fluidal, vesicular, amygdaloidal etc.
Andesites are porphyric rocks composed mainly of
plagioclase and mafic minerals. They have variable
colours, generally gray, reddish brown or black
(Mares et al. 1989).

As the use of certain types of rocks provides
particular technological and typological features to
the material culture from the Carpathian caves, we
shall attempt to understand to what extent the
Mousterian dwellers of the Carpathian caves chose,
for debitage, certain categories of rocks with
different mechanical properties and petrographic
characteristics. The types of rocks analysed in this
article come from the following Mousterian
settlements: Bordul Mare Cave from Ohaba Ponor,
Curatda Cave from Nandru, Cioarei Cave from
Borosteni and Muierii Cave from Baia de Fier
(Fig. 1.). The reason for selecting these settlements
was influenced by two significant aspects: the
existence of a sufficient number of lithic industries
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and recent restudy of lithic ensembles which have
provided an accurate assessment of the proportion
of raw material used (Carciumaru 2000,
Carciumaru et al. 2000, 2002a, 2002b, Dobos et al.
2010, Nitu 2012). Furthermore, Mousterian layers
in these settlements are, chronologically speaking,
fairly close to each other (Carciumaru 1973, 1980,
1999, Nitu 2012), which allowed us to eliminate
several risks inherent in comparisons along
extremely large chronological levels and, at the
same time, favoured the individualisation of several
assumptions regarding communities which are
close in terms of time and their occurrence.

Physico-geographical potential

For a better integration of lithic ensembles from the
Carpathian caves considered in this study, we have
deemed it useful to make a short presentation of the
physico-geographical potential of the areas where
the caves are located and of the geochronology of
Mousterian layers in these particular caves.

Throughout the Hateg-Orastie Depression, drained
by the hydrographic basin of the Strei river and a
part of the Mures, there are some of the most
important caves inhabited by the Neanderthal man:
Bordul Mare Cave from Ohaba Ponor, Curatd and
Spurcata caves from Nandru (Fig. 2/1, 2).

Bordul Mare Cave, Pui commune, Hunedoara
County, is located at the foot of the Sureanu
Mountains (also known, in geological literature, as
the Sebes Mountains), at an absolute altitude of 693
m. Having the code number 2063/7, the cave has a
south-west oriented entrance which gives into a
wide and spectacular panorama of the Hateg
Depression (Fig. 2/1.).

According to recent micropalaeontological
determinations and the observations made on the
lamellibranches and gastropods discovered by us
during archaeological excavations, the limestone in
which Bordul Mare Cave was carved can be
assigned to the Upper Cretaceous and not to the
Jurassic, as previously thought. The Upper
Cretaceous often includes conglomerates caught
between layers of limestone, which, once released
by erosion, lie upon the limestones underlying these
layers (Gherasi et al. 1968, Muresan et al. 1980).
Thus we can explain the numerous and various
quartz and quartzite pebbles, alongside other types
of rocks, of different sizes, which can be
encountered on the limestone slopes near the
Bordul Mare Cave, rock that were extensively used
by the dwellers of the cave during the Mousterian.
Furthermore, we have discovered an extremely
revealing situation on the Fantana Socilor Plateau,
close to Bordul Mare Cave, where, among pebbles
of various rocks, including quartzite, we have found
such rocks as flint and chert (Carciumaru et al.
2011; Nitu, 2012).
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Fig. 2.: Bordul Mare Cave (1); Curata and Spurcatd caves from Nandru (2); Limestone spur in which the Cioarei
Cave is carved and panorama of Subcarpathian depression opening above the cave (3); Entrance to the Muierii

Cave and the Galbenu river Gorge (4).

2. abra: Bordul Mare-barlang (1); Curata- és Spurcata-barlang, Nandor mellett (2); Mészkdszirt a Cioarei-
barlanggal és a Karpatok el6terének panoramajaval (3); A Muierii-barlang bejarata és a Galbenu folyo attdrése

(4)

The particularity of the Hateg Depression is given
by the mountain massifs which border it to the
south (Retezat and Tarcu Mountains), west-
northwest (Poiana Rusca Mountains), and east-
northeast (Sureanu Mountains). At the same time,
the depression occupies a special place within the
orographic ensemble of southwest Transylvania,
with direct connections to surrounding mountain
units, provided by the rivers descending from the
heights, and to the more distant regions by the
couloir of the Strei river as far as its flowing into
the Mures and further, to the entire Basin of
Transylvania and the Hungarian Plain (Alfold). The
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Hateg-Orastie Depression is truly an area of
morphological, hydrographic convergence and,
hence, of convergence of communication means
with very large geographic units with natural
potential (Badea et al. 1987a, 1987b).

The Curatd (code 2277/1) and Spurcata (cod
2277/2) caves are located along the Petac river, a
tributary of the Cerna, which expands its
hydrograhic basin over a length of 65 km and an
area of 740 sq km in the Poiana Ruscd Mountains
(Fig. 2/2.).
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The Poiana Ruscd Mountains, flanking the Hateg-
Oragtie Depression to the west, are an intermediary
relief level between the depression area and the
high areas of the Southern Carpathians (Krdutner
1984).

Petrographically, the Poiana Rusca Mountains stand
out through the presence of metamorphic rocks
such as mica-schists, amphibolites, gneisses,
crystalline rocks (including quartzites) and
limestones which locally (in the areas of
Hunedoara-Runcu-Luncani or Nandru) reach 3,000
m in thickness. Igneous rocks such as granodiorites
and andesites are also present.

Alongside the valley of the Strei, the Cerna forms a
parallel couloir linking the depression with the
valley of the Mures river. This proves that
Palaeolithic communities had a clear opportunity to
penetrate, by its tributaries, deep into the
mountainous plateaux and, moreover, it provided
easy access to the wide valley of the Mures river
which represented, for the bunches of hunters, a
real gate towards the east and the west, once they
came out of the depression.

Two other caves, located south of the Southern
Carpathians, revealed important Mousterian
dwellings: the Cioarei Cave and the Muierii Cave.

The Cioarei Cave (code 2116/1) is situated along
the Bistricioara river, a tributary of the Bistrita, in
the vicinity of the Borosteni village, commune of
Pestisani, Gorj County, carved in a limestone spur
of Barremian-Aptian age, which descends from
Piatra Borosteni in the Valcan Mountains
(Carciumaru 2000, Carciumaru et al. 2000,
Carciumaru et al. 2002a, 2002b). The cave has a
strategic location, at the contact of the southern rim
of the mountain with the first depression groove
specific to the Subcarpathians of Oltenia, which
allows a wide panorama opening in front of the
entrance to the cave (Fig. 2/3.).

The valley of the Bistricioara, which penetrates
deep into the Valcan Mountains, crosses the
granitoid and granitic geological layers of the
Susita and Tismana type (Bercia et al. 1968), as
well as the Lainici-Paiug series composed of
quartzites, psamitic gneisses, sericite-chlorite
schists, cornean, crystalline limestones with
silicates, granogneisses, granitoid paragneisses,
dynamically metamorphosed rocks, etc. (Pauliuc
1937, Ghica-Budesti 1940). Among the granites of
the Susita and Suseni types, fully developed along
the southern rim of the Valcan Mountains, quartz,
granites and diorites stand out. The valley of the
Bistricioara also presents quartzites from the Tulisa
layers. Given the analyses conducted on the lithic
material at the Cioarei Cave, we believe that
geologists have wrongly defined the quartzite in
this area; the rock they refer to is actually
quartzolite. This confusion is due to the
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macroscopic similarities between the two rock
types.

The Muierii Cave (code 2051/1) was carved in the
Tithonic limestones which form the Garba crest in
the southwest of the Pardang Mountains. The
entrance opens to the southwest, along the gorges
formed by the valley of the Galbenu brook. The
cave is located upstream of Baia de Fier, Gorj
County, where the Galbenu brook exits the gorge in
the Subcarpathian depression (Fig. 2/4.).

Galbenu valley crosses geological layers attributed
to the Palacozoic magmatites composed of granites,
granitoids, granodiorites and gneiss facies. The
series of Tulisa, in the area crossed by the Galbenu
valley, appears to consist mainly of crystalline
schists, while the quartzites are not present, as in
the region crossed by the Bistricioara valley, where
the Cioarei cave from Borosteni is located (Bercia
et al. 1968). However, its use during the Mousterian
in the Muierii Cave remains an undeniable fact,
which implies the existence of other areas of origin,
near the cave.

Geochronology of Mousterian layers

Bordul Mare Cave

Bordul Mare cave revealed four Mousterian layers
(Roska 1924, 1925a, 1925b, 1930, 1933, 1943,
Nicolaescu-Plopsor et al. 1955, 1957a). We shall
not insist on numbering the layers over the course
of time for this has been dealt with in a recently
published article (Carciumaru & Nitu 2008).
Chronologically speaking, absolute dating exists
only for upper layers, i.e. layer III, the richest
Mousterian layer of the cave, and layer IV. For
layer III, there are several samples of C-14 dating
establishing the evolution boundaries between
45.500 + 3.500 /-2.400 (GrN 14.626) and 39.200 +
4.500 /-2.900 (GrN 11.618), while for layer IV
there is only one dating, namely 28.780 + 290 B.P.
(GrN 14.627). Sedimentation of layer III was
completed in the glacial stage between the
interstadial complex of Nandru (the Nandru 2 phase
- Brorup) and the interstadial complex of Ohaba
(Ohaba B climatic oscillation - Arcy-Kesselt). The
climate was dry and cold and the landscape was
dominated by a cold steppe, grass pollen reaching
almost 95% (Carciumaru 1973, 1980). A substantial
list of macromammal species confirms the cold
climate of this period: Ursus spelaeus, Equus
caballus  fossilis, Cervus  elaphus  fossilis,
Megaceros giganteus, Rhinoceros tichorhinus,
Rhinoceros antiquitatis, Bos (primigenius), Bison
priscus, Rangifer tarandus fossilis, Elephas
primigenius, Saiga tatarica, Capra sewertzovi, etc.
(Roska 1925a, 1925b, 1930, Gaal 1928, 1943,
Nicolaescu-Plopsor et al. 1955, 1957a). As regards
Layer IV, palynological studies have revealed the
existence of a wet temperate climate characteristic
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of the Ohaba interstadial complex (Arcy-Stillfried
B, Arcy-Kesselt) (Carciumaru 1973, 1980). The
large mammal fauna is consistent with this climate,
with species such as: Ursus spelaeus, Equus
caballus  fossilis, Ovis (argaloides), Rangifer
tarandus fossilis, Cervus elaphus fossilis, Canis
lupus, Canis vulpes fossilis (Roska 1925a, 1925b,
1930, Gaal 1928, 1943, Nicolaescu-Plopsor et al.
1955, 1957a).

For other older layers, dating was based on pollen
analyses, so that Mousterian II was estimated to be
prior to the age of 60.000 B.P. (Carciumaru 1973,
1980). In fact, we may consider this estimation as
valid considering that for Mousterian layers III and
IV the assumptions formulated by M. Carciumaru
(1973) were later confirmed by C-14 dating.
Although layer I did not reveal any palinological
spectrum, given the environment characteristics
during the sedimentation of the deposit which
overlaps this cultural layer, one may state that it is
contemporary with a glacial stage. The large
mammal fauna suggests this assumption, being
represented by the following species: Elephas
primigenius,  Rhinoceros  antiquitatis,  Equus
caballus fossilis, Hyaena spelaea, Ursus spelaeus,
Canis lupus, Canis vulpes fossilis, Capra. sp.
(Roska 1925a, 1925b, 1930, Gaal 1928, 1943,
Nicoldescu-Plopsor et al. 1955, 1957a). Layer II
was deposited in a landscape dominated by pine,
alongside spruce, juniper, willow, birch and then fir
and deciduous trees dominating the late glacial
stage that had preceded the Nandru interstadial
(Nandru 1-Amersfoort) (Carciumaru 1973, 1980).
The large mammal fauna was dominated by Ursus
spelaeus, Equus caballus fossilis, Canis lupus,
Canis vulpes fossilis (Roska 1925a, 1925b, 1930,
Gaal 1928, 1943, Nicolaescu-Plopsor et al. 1955,
1957a).

Curata Cave

Two Mousterian layers were identified in the
Curatd Cave, numbered from bottom to top
Mousterian I and Mousterian II (Nicolaescu-
Plopsor et al. 1957b; Nicoldaescu-Plopsor &
Paunescu 1959). Unfortunately, as presented by Al
Paunescu (2001), the samples of dating of the two
Mousterian layers are completely absurd, in the
sense that data obtained for the older layer are
younger than those corresponding to the upper
layer. We believe that this strange inversion of
dating is due to the alteration of numbering layers
from one excavation campaign to another. Seven
samples of dating were performed, with values
ranging between >36.300 B.P. (GrN 24.223);
29.940 + 420/ - 400 B.P. (GrN 13.249) and >
45.000 B.P. (GrN 23.407). If we take into account
the palaeoclimatic frame, the succession is as
follows: the older Mousterian layer deposited in the
interstadial complex of Nandru (Amersfoort-
Hengelo), while the second Mousterian layer is
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placed between the glacial stage, preceding the
Ohaba interstadial complex (Arcy-Stillfried B,
Arcy-Kesselt), and the end of this interstadial
complex (Carciumaru 1973, 1980).

Cioarei Cave

Cioarei Cave is the Mousterian settlement that has
been dealt with in the majority of the
interdisciplinary studies, so that the geochronology
of cultural layers can be assessed with much more
arguments than in other cases. Mousterian lithic
industries were identified in layers A-J, but high
densities of materials were recorded in layers E, F,
G, H and J (Carciumaru 2000, Carciumaru et al.
2000, Carciumaru et al. 2002 a, 2002b).

One may say that the cave started to be
systematically inhabited with the sedimentation of
layer E, although lithic tools were recovered from
subadjacent layers as well. Geo-chronologically
speaking, layer E deposited, at least in its upper
part, in the late stage of the warm period of
Borosteni (probably contemporary with the Eem
interglacial period — Riss-Wiirm), in a forest
landscape which dominated the surroundings of the
cave and which was characterised by various tree
species, among which hazel and hornbeam
prevailed (frequent taxa especially during the last
interglacial period) (Carciumaru 1977), while,
among the animals identified by M. Patou-Mathis
(2000-2001) one can mention Carnivores (477):
Ursus spelaeus (470), lynx (1), wolf (3), common
fox (3); Herbivores (52): Rhinoceros mercki (3) (a
fossil pointing to the last interglacial period), bison
(4), stag (18), buck (1), mouflon (1), boar (2),
Lagomorphs (2), Indeterminable (21).

For layer E, a few samples of C-14 dating have
been obtained, hardly exceeding 50,000 years,
which corresponds to the detection limit of the
method, giving the impression that they come in
contradiction with palinological estimations and
those resulted from the study of fossil mammals.
Here are the existing datings: GrN — 15.046: 50.900
+4.400 /- 2.800 B.P.; GrN — 15.047: > 47.000 B.P.
(charcoal); GrN 15.048: 51.900 + 5.300 / - 3.200
B.P. (unburned bones).

With different frequencies, the Cioarei Cave seems
to have been dwelt quasi-permanently until the end
of layer H, which represents, in fact, the most
intense stage of inhabitancy of the cave. Layer H is
deposited in a period in which stages of
environmental improvement alternate with others of
slight climatic recession, specific to the Nandru A
climatic oscillation (Amersfoort-Brorup), of which
Nandru 2 stage (contemporary with Brorup
interstadial) is less represented, following some
slight processes of disturbance. Mammal fauna
associations, present in this part of the deposit,
reveal the succession of sequences of cold climate
with Chionomys nivalis, Crocuta spelaea, Cervus
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elaphus, Equus sp., Capra ibex, Bovid, with others
of climatic improvement such as Hystrix
vinogradovi, Vulpes vulpes, Ursus arctos, Sus
scrofa, Cervus elaphus (Terzea, 1987; Patou-
Mathis, 2000-2001).

Two samples of C-14 dating indicate, for layer H,
the following ages: GrN — 15.054: 48.000 + 1.800/ -
1.500 B.P.; OxA — 3.840-41: 48.500 + 3.900 B.P.

After a certain period of time, during which layer I
is deposited, when the cave is practically
uninhabited, the Neanderthal man returns during
the stage of the sedimentation of layer J, completed
in the Nandru 3 phase (possibly palinologically
contemporary with Odderade interstadial), C-14
dated: GrN 15.053: 48.900 + 2.100/ -1.700 B.P.;
GrN 13.001: 43.000 + 1.300/ -1.100, which would
rather imply contemporaneousness with the
Moershoofd (Céarciumaru 2000).

Muierii Cave

The stratigraphic situation of the Muierii Cave from
Baia de Fier is extremely complicated, especially
since excavations were performed in several
galleries and the entrance to the cave. According to
the specialised literature, Mousterian lithic
ensembles were discovered mainly in the
Mousterian Gallery (two levels), but also in the
main gallery and the mouth of the cave as well
(Nicolaescu-Plopsor 1935-1936, Daicoviciu et al.
1953, Nicoldescu-Plopsor et al. 1957¢). As regards
dating, most was performed on Homo sapiens
bones found in the Mousterian Gallery that do not
appear to have a clear connection with the materials
discovered. There is only one dating for the
Mousterian level 1 in the Mousterian Gallery,
namely 42.560 + 1.310/ — 1.120 B.P. (GrN-16.977).
Several other samples of dating were performed
during a recent probing which did not reveal
Palaeolithic materials. Dating was correlated with
the stratigraphy established by C. S. Nicolaescu-
Plopsor in older excavations, the assumption being
that, as far as 0.90 m in depth, samples can be
correlated with an Aurignacian habitation, while
those below this depth with the Mousterian
habitation (Dobos et al. 2010). We consider that, so
long as dating hasn’t been carried out for real
cultural layers, they cannot be associated with the
archaeological findings of this cave, therefore we
shall not insist on them.

Rocks used in the Mousterian of
Carpathian caves

Bordul Mare Cave

According to the analysis of the entire lithic
ensemble from Bordul Mare Cave (Nitu 2012),
regardless of the archaeological level, quartzite
occupies in this settlement 90% of the rocks used.
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Depending on its prevalence in the collection, it can
be divided into several categories, according to
macroscopic characteristics. The most frequently
observed category is granular quartzite, with sugary
texture, medium granulation, generally vitreous in
fracture, whitish in colour, smooth cortex of the
same tint as the core of the pebble (Fig. 3/1.). This
is similar, in terms of granulation and texture, to
two other categories:

- granular quartzite, sugary texture, medium
granulation, whitish colour, yellowish or reddish
intrusions, yellowish or yellowish-brown smooth
cortex (Fig. 3/2.);

- granular quartzite, sugary texture, medium
granulation, gray or blackish-gray colour, vitreous
in fracture, smooth cortex of the same tint as the
core of the pebble.

Actually, differentiating in terms of colour is
relative since there are pebbles with medium
granulation and sugary texture which comprise
whitish, vitreous, gray, yellowish or reddish areas.
Technologically, we may say that the variants
above mentioned may be included in one category,
namely granular quartzite with medium granulation
and sugary texture, of various tints, with the
specification that the whitish-vitreous is more
common (Fig. 3/1,2,3.)

Alongside this type of quartzite, several categories,
though minor, are also present, such as granular
quartzite with sugary texture and high (Fig. 3/4.),
medium to low (Fig. 3/5.) or low granulation
(Fig. 4/1.), several types of compact quartzite with
fine texture, opaque (Fig. 4/2.) or vitreous in
fracture (Fig. 4/3.). Some type of quartzite can be
included in the category of filonian quartz and
others are very similar in aspect to sandstone
(Fig. 4/4.).

As already mentioned, granular quartzite, with
sugary texture and medium granulation is most
frequently used to the detriment of quartzite with
fine granulation and, obviously, with a more
compact structure. This can be explained by the
presence of a greater proportion of quartzite with
medium granulation in areas close to the cave.

The technical characteristics of different types of
quartzite present in the Bordul Mare Cave ensemble
are closely related by texture and granulation.
Naturally, debitage stigmata are generally hard to
notice. Granular quartzite with sugary texture and
medium granulation, which is predominant in the
collection, has, usually, percussion stigmata typical
of quartz, i.e. crushing at the impact point, what J.
P. Bracco (1993, 1997) called écrasement, or
convergent radial striae. The most frequently
encountered debitage accidents are of the Siret type
and hinged, very rarely plunging.
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Fig. 3.: Bordul Mare Cave, Mousterian III layer - 1a, 2a, 5a quartzites very rich in quartz; 3a quartzite with
various instances of mineralisation; 4a quartzite very rich in quartz minerals; 1 b, lc, 2b, 2¢, 3b, 3c, 4b, 4c, 5b,
5c images provided by the VHX 600 digital microscope (1b, 2b, 3b, 4b, 5b x 50; 1c, 2c¢, 3¢, 4c, 5¢c x 200)

3. abra: Bordul Mare-barlang, moustiéri III réteg — la, 2a, 4a kvarc szemecsékben gazdag kvarcit; 3a kvarcit
kiilonféle asvanyokkal; 4a kvarc szemcsékben gazdag kvarcit; az 1 b, 1c, 2b, 2c¢, 3b, 3c, 4b, 4c, 5b, S5c képek
VHX 600 digitalis mikroszkoppal késziiltek (1b, 2b, 3b, 4b, 5b x 50; 1c, 2c, 3¢, 4¢, 5¢ x 200)
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Fig. 4: Bordul Mare Cave, Mousterian III layer — la, 2a, 4a quartzites with disseminated quartz minerals; 3a
quartzite with minerals very rich in quartz; 1 b, lc, 2b, 2c, 3b, 3c, 4b, 4c, images provided by the VHX 600

digital microscope (1b, 2b, 3b, 4b x 50; 1c, 2c, 3c, 4c x 200)

4. abra: Bordul Mare-barlang, moustiéri III réteg —la, 2a, 4a kvarcit szort kvarc kristalyokkal; 3a kvarc
kristalyokban nagyon gazdag kvarcit; az 1b, 1c, 2b, 2c, 3b, 3c, 4b, 4c képek VHX 600 digitalis mikroszkoppal

késziiltek (1b, 2b, 3b, 4b x 50; Ic, 2c, 3¢, 4¢ x 200)

Studies on filonian quartz debitage assemblages
(very similar to what we call quartzite) have
revealed that the plunging debitage accident is
never represented in its classic form and is unlikely
that this type of accident exist (Mourre 1996, 1997).
Its presence in the Bordul Mare industry can be
connected to the special properties of the used
quartzite (Nitu 2012).

Quartzite with sugary texture and medium to low
granulation has rather diffuse debitage stigmata,
but, as in the previous case, a fracture can be
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sometimes noticed just below the point of impact.
Quartzite with sugary texture and fine granulation
or high granulation, often forms a percussion bulb,
which is sometimes prevalent in the case of
quartzite with high granulation. Generally, all types
of quartzite with sugary texture, regardless of
granulation, are more suitable for the debitage
process, while the products are rather typical,
especially with medium-granulation quartzite.
Flakes have sharp, usable edges, the only exception
being the pieces knapped from high-granulation
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quartzite, which have round edges, according to the
constituent quartz grains.

With compact quartzite with fine texture, debitage
is rather difficult despite its more homogeneous
structure. In fact, the pieces present numerous
hinged type accidents. The edges of the flakes are
more sharpened than with granular quartzite and
hardness is visibly higher. Despite these functional
characteristics which more common than at other
quartz types, it was probably used less because of
the difficulty to control percussion or because of the
low presence around the cave.

Siliceous rocks different from quartzite, though
present in a very small proportion in the Bordul
Mare  collection, are extremely  diverse.
Furthermore, it is difficult to place them in classic
categories used in archaeology, such as flint, jasper
etc. Differences can be noticed in terms of texture,
granulation, homogeneousness, cortex. Colour,
though a frequently wused characteristic in
differentiating this type of rocks, has no particular
significance because there are sufficient examples
of debitage products which incorporate several
colours in their structure.

Given this huge variety of rocks, we have turned to
a macroscopic differentiation according to texture
and homogeneity. Based on this principle, we have
determined the existence of the following
categories: flint, jasper, chaille, chert, radiolarite,
siliceous sandstone and volcanic rocks.

Some data on the existence of raw material sources
can be found in the geologic literature. Around the
settlements of Ohaba-Ponor, siliceous accidents in
spatic limestone, attributed to the Jurassic, were
encountered (Boldur & Stilla 1967). Chaille-type
rocks are mentioned in the Pui area, Arsului hills,
Luncani valley (Ciclovina), Piatra Rosie knob,
Tiflea, between Lautu and Cioclovina cave (Stilld
1985). Al. Codarcea and Gr. Réileanu (1961) note
the presence of siliceous accidents in the Hateg
Basin, Pui area.

Alfred Mamulea (1952, 1953) makes a very
interesting description of the cherts in the Hateg
Depression as light-yellow, almost white rocks,
caught in Callovian-Oxfordian layers, of high
hardness, fine and compact, often cornean structure.
Even if they do not derive from the gaize or
spongolite type of rock, like flint from limestone,
the chert of this region presents, to the centre of
concretions, a “porcelain, translucent” aspect which
reminds of the flint fracture. Chalcedony, sponge
and opal spicules, in intimate association, are
prevalent in their structure. Mesozoic deposits,
which comprise these rocks that seem to have often
satisfied the demands of Palaeolithic man, imposed
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by controlled debitage, stretch from Cioclovina to
Barul Mare, including various points located on the
southern rim of the Hateg Depression, such as
Valea Lupului, Serel, Coroesti and so on.

In order to identify lithic raw material sources other
than quartz or quartzite, the Bordul Mare area was
researched in 2008-2011, during the rescue
excavations performed in this cave. Unfortunately,
we did not manage to identify around the cave flint
pebbles or other similar rocks, such as jasper, chert,
etc., though we had expected to find them among
the quartzite-type rocks derived from the erosion of
the conglomerate deposits in the area neighbouring
Bordul Mare. This does not mean necessarily that
they did not exist when the cave was inhabited by
the Neanderthal man. Due to rapid dynamics of
landscape alteration and massive forestation of the
area, they may have been hard to recover nowadays
(Nitu 2012).

The next step was to analyse the water courses
which might have affected a horizon with siliceous
rocks. With the exception of smaller valleys around
the Bordul Mare cave that did not reveal flint,
jasper or chert, the only water crossing a pretty
wide area, which has the possibility of collecting
several types of rocks, remains the Strei. During the
exploitation of some gravel levels along this river
(Fig. 5/1.), several sources of flint, jasper
(Fig. 5/2.), but mostly chaille and chert (Fig. 5/3.)
were collected. Macroscopically, they only vaguely
resemble the raw material used at Bordul Mare and
there is a considerable distance between the river
and the cave. The rocks from Strei could have been
used by Palaeolithic communities by knapping
them from the banks of the Strei and bringing them
inside the cave. In this sense, according to
observations on lithic material, a part of the pieces
found in the settlement were brought to the site
after they had been knapped.

The current exploitation of the gravel from the Strei
river allowed us to make significant observations
regarding the economy of  Palaeolithic
communities. We were able to notice the existence
of an extremely wide variety of igneous and
metamorphic rocks: basalt, andesite, diorite,
rhyolite etc. (Fig. 5/1.). Furthermore, the Bordul
Mare collection includes several pieces of volcanic
rocks, of which one is knapped from andesite.
Apparently, the existence of these rocks on the Strei
did not particularly attract the humans since these
rocks were only exceptionally used. The best
example is Cioarei cave, where Mousterian
communities used different igneous and
metamorphic rocks, collected from the Bistricioara
river in the immediate vicinity of the cave.
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Fig. 5.: Raw material sources - 1. images of the Strei valley and abundance of existent rocks; 2. jasper; 3. chert;
4. flint found at Fantana Socilor, not far from the Bordul Mare Cave from Ohaba Ponor.

5. abra: Nyersanyagforrasok - 1. a Strei volgye és az elérhetd nyersanyagok gazdagsaga; 2. jaspis; 3. kova; 4.
tlizk6é Fantana Socilor kdzelében, nem messze a Bordul Mare-barlangtol, Ohabaponor kzelében.

Another assumption regarding the transportation to
the cave of the pebbles of siliceous rocks for
debitage purposes is related to the existence of
sources on top of Bordul Mare, thus pebbles could
be easily brought down to the cave instead of
carrying them up. Starting from data provided by a
participant in the 1954-1955 excavations, on top of
Bordul Mare there is a plateau called Fantana
Socilor where we have identified mainly flint,
macroscopically similar to that knapped inside the
cave (Fig. 5/4.). Fantana Socilor lies at an absolute
altitude of 945 m and has the shape of a plateau on
which quartz and, rarely, flint, chaille and chert
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pebbles are scattered, chert pebbles being
considerably bulky to suit a debitage that could
result in products similar to those of Bordul Mare
cave. Furthermore, several flint flakes, of Levallois
type, have been recovered from the slipped banks
of the plateau.

According to the observations made concerning the
lithic material from Bordul Mare Cave (Nitu 2012),
the raw material sources other than quartz and
quartzite may come from different places,
considering the great variety noticed in the entire
series.
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Fig. 6.: Images of the Petac valley at Nandru (1); quartzite with abundant quartz minerals alongside various
instances of mineralisation from the Curatd Cave (2) and various raw material sources of the jasper, flint, chert
etc. category from the Petac valley (3; scale 30 cm) (2b x50; 2¢ x200 — images provided by the VHX 600 digital
microscope).

6. abra: A Petac volgye Nandor mellett (1); kvarc szemcsékben gazdag kvarcit a Curata-barlangbol (2)
kiilonféle nyersanyagok a Petac volgyébdl (jaspis, kova, tiizkd) (3; a mérce hossza 30 cm) (2b x50; 2¢ x200 — a
mikroszkopos képek VHX 600 digitalis mikroszkoppal késziiltek).
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Both the conglomerate levels situated on the
plateaus over the cave, as the one from Fantana
Socilor, as well as along the valleys of certain
rivers, such as the Strei, which crosses the entire
depression, probably represented opportunities for
the Neanderthal man. The Mousterian communities
from Bordul Mare have a typical Middle
Palaeolithic behaviour, in which the use of the raw
materials present around the cave is a crucial
component, although, at small distances, they could
have found and used a larger variety of rocks.

Curata Cave

All the rocks used in this settlement are exclusively
local and can be found in large quantities along the
Petac valley (or Roatei valley), which flows at the
foot of the cave. The numerous research works we
carried out along this valley have allowed
unprecedented observations on the use of raw
material sources during the Mousterian and have
given us a solid base for the thought concerning the
interpretations that can be made on the strategies
adopted by the Neanderthal man. Although high-
quality siliceous rocks (jasper, chert, flint etc.) can
be found abundantly along the above-mentioned
valley, in the two Mousterian layers of the Curata
Cave, the quartzite has a slightly higher value than
the rocks from the flint, jasper and chert category.
We are in front of an unparalleled situation as far as
the Mousterian is concerned, because in all the
other settlements of Europe, the quartz and the
quartzite are not used in such a high proportion
except in the case when the high-quality siliceous
rocks are absent from the region. This observation
totally contradicts to the classical theories on the
behaviour of the Mousterian communities.
Moreover, the quartzite was selected and preferred
to the numerous types of magmatic and
metamorphic rocks present along the Petac Valley
(Nitu 2012) (Fig. 6.).

The question we must answer is why the Nandru
communities selected mainly quartzite to make
tools out a huge variety of rocks. We may assume it
was a very powerful cultural tradition, which would
be perfectly consistent with some of the definitions
of the Mousterian of Carpathian caves as “quartzite
Mousterian” (Mogosanu 1978), or it was some
specific activities which required the use of
quartzite tools. In order to understand this situation,
we have tried to approach this issue in a different
manner.

The first step was to collect various samples of
rocks from the Petac valley, including both
siliceous sedimentary rocks (Fig. 6/3.) and
metamorphic rocks. Each rock was tested. This
allowed us to make very interesting technological
observations. Siliceous sedimentary rocks are in
plenty, there are large-sized and very large-sized
pebbles (20-30 cm), so, quantitatively, one could
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make a great number of products out of each of
them. The same thing was noticed with igneous and
metamorphic rocks. The difference between these
rock types is technological: they react in a different
manner to the knapping procedure. Following the
testing of the pebbles, we noticed that sedimentary
siliceous rocks, flint, chaille, chert and jasper are,
more often, pretty hard to chip and require an
extremely rigorous control of the platforms and of
dosing the force exercised with a view to obtaining
mere flakes. Instead, quartzite has a structure which
is homogeneous enough to allow easier knapping of
any product (Fig. 6/2.). Consequently, the
explanation of the prevalent use of quartzite in the
Curata cave may be rather technological. The
quartzite used is quite compact, with average or
average-to small granulation. In fracture, it is
whitish-glassy or greyish. From a technical
perspective, the resulting tools have extremely
resilient cutting edges. The stigmata are close to
those characteristic to the vein quartz, yet there are
also items that have a bulb of percussion. The
communities in this settlement selected mainly a
rock category that can be processed more easily,
obtaining in this way different products necessary
for diverse activities with a minimum effort and
time consumption. From here, one can deduce the
ingenuity of the Mousterian communities that —
more often than not — have been characterised in a
simplistic manner in the archaeological literature.

Muierii Cave

Although the stratigraphic situation is quite
complicated in this settlement and Mousterian tools
have been discovered in several galleries, the entire
collection comprises almost exclusively quartzite
(98%), the rest of the materials were knapped in
flint, jasper and sandstone (Fig. 7.) (Dobos et al.
2010). This rock has obviously a local origin. For
years, specialised archaeological literature
postulated that raw material came mainly from the
valley of the Galbenu River, which flows in the
vicinity of the cave. At a first sight, this theory was
absolutely reasonable, but we were to discover,
during our own field research, that, surprisingly, the
situation in the settlement is much more
complicated. Ever since 2007, we have noticed a
great variety of volcanic and metamorphic rocks on
the Galbenu valley, but we haven’t been able to
identify any quartzite pebble (Fig. 7/1.). This
prompted us to return to the area each year,
however we haven’t found quartzite-type rocks on
the Galbenu valley. It is hard to conceive that the
prevailing raw material in the Muierii Cave may
come from great distances, especially since we are
talking about quartzite, but, up to the present, we
have not been able to identify the supply area of
this source. The geological map, however, shows
that the Galbenu valley does not intersect
geological layers rich in quartzite.



Archeometriai Mithely 2014/X1./2. 94

Sc

Fig. 7.: Muierii Cave — Images showing the abundance of magmatic and metamorphic rocks on the Galbenu
valley just outside the Muierii Cave (1); quartzites very rich in quartz minerals (2, 3); quartzites with rich quartz
minerals (4); disseminated quartz minerals (5); (2b, 3b, 4b, 5b x 50; 2c, 3¢, 4c, 5S¢ x 200) — images provided by
the VHX 600 digital microscope).

7. abra: Muierii-barlang — magmas és metamorf kézetek a Galbenu volgyében a Muierii-barlang eldtt (1);
kvarc szemcsékben nagyon gazdag kvarcit (2, 3); kvarc szemcsékben gazdag kvarcit (4); szortan jelenlevo
kvarc szemcsék (5); (2b, 3b, 4b, 5b x 50; 2c, 3c, 4c, 5¢ x 200) — a mikroszkopos képek VHX 600 digitalis
mikroszkdppal késziiltek).
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Fig. 8.: Cioarei Cave — Images showing the abundance of magmatic and metamorphic rocks on the Bistricioara
valley from Borosteni (1); quartzolites rich in quartz minerals (2); quartzolite rich in quartz (3); quartzolite with
biotite (4); alkali feldspar granite rich in quartz(5) (2b, 3b, 4b, 5b x 50; 2c¢, 3c, 4c, 5¢ x 200 — images provided
by the VHX 600 digital microscope).

8. abra: Cioarei-barlang — magmas és metamorf kézetek a Bistricioara volgyében a Cioarei-barlang el6tt,
Borosteni mellett (1); kvarcban gazdag kvarcolit (2-3); kvarcolit biotittal (4); kvarcban gazdag alkali foldpatos
granit (5) (2b, 3b, 4b, 5b x 50; 2¢, 3c, 4c¢, Sc x 200 — a mikroszkopos képek VHX 600 digitalis mikroszkoppal
késziiltek).
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Cioarei Cave

This settlement represents a special example of the
usage of a high diversity of magmatic rocks.
Furthermore, no item of flint, chaille, chert or other
siliceous sedimentary rock of this type was found.
Given the similar proportions of using the different
rock types on each level, considerations shall be
made for the entire lithic assemblage discovered.
The complex petrographic analyses carried out on
the lithic material collection from the Cioarei Cave
brought to light the use of 22 rock types
(Carciumaru 2000). However, they can be grouped
in a few distinct families. Half of the entire series is
processed from rocks included in the quartzolites
category (Fig.8.). The following category of
processed rocks is that of granites (almost 28%),
followed by diverse types of diorites (about 10%).
Other rocks were used in very low proportions:
monzonite, lamprophyre, gritstone, gneiss, rhyolite,
basalt, sideritic limestones.

All the rocks that were used can be found in
abundance along the Bistricioara valley, which
flows at the foot of the cave (Fig. 8/1.), and around
the cave. Although the diversity of the rocks
noticed along this valley is extremely significant, it
seems that, nevertheless, the Mousterian
populations preferred quartzolites, granites and
diorites. Macroscopically, the quartzolite in the
Cioarei cave is very similar to the quartzite defined
in other settlements and even to the vein quartz
defined by the French literature (Mourre 1996,
1997). Yet, in this collection, there is also another
rock type, which from a macroscopic viewpoint is
similar to quartzite and which any archaeologist
would have included in this category. We are
referring to the alkali feldspar granite, rich in quartz
(Fig. 8/5.). Without petrographic analyses, using
only macroscopic observations, this rock type
would be impossible to distinguish from quartzite.

Although all the rocks are local, they were used
differently. Quartzolite and granite were knapped
inside the site, while diorite pieces were knapped
outside the cave and brought into the site. In terms
of quality, the most representative tools are made of
diorite, while most of the quartzolite and granite
products are atypical.

Quartz, quartzite, quartzolite - similar, but
different

Throughout the time, Romanian archaeologists
have identified quartzites as being the prevalent raw
material used in Carpathian caves. Moreover, based
on this consideration, the material culture of this
settlement was defined, at one point, as “quartzite
Mousterian” (Mogosanu 1978). Obviously, this
classification lacks scientific arguments for a
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culture cannot be defined by the raw material used.
Furthermore, as we have shown in this study, there
has been a confusion regarding the raw material of
the Cioarei Cave: one of the rocks used is not
quartzite, but quartzolite. For these reasons, we
have considered it necessary to detail the
petrographic features and mechanical particularities
of quartz, quartzite and quartzolite.

Western archaeological literature (Bracco 1997,
Mourre 1996, 1997, Collina-Girard 1997, Lombera-
Hermida 2008, Colonge & Mourre 2009, Lombera-
Hermida et al. 2011), based on the French
geological terminology (Foucault & Raoult 1992),
is using more and more, when referring to
Palaeolithic industries, especially in France and
Spain, industries which are known in Romania as
quartzite, the term quartz. Since in the geological
literature, quartz is considered as a mineral and
quartzite is included in the category of
metamorphic rocks in petrographical point of view,
the ‘abusive’ use of the term quartz for rocks which
are rich in quartz as well creates not only confusion,
but also limits the identification of raw material
sources used in various settlements in lithic
debitage.

V. Mourre (1996, 1997) admits that,
macroscopically, quartzite can easily be confused
with common quartz. In French literature, quartz is
presented in two forms: hyaline quartz (also known
as rock crystal, which implies the mineral state of
quartz) and filonian quartz (Mourre 1996, 1997,
Lombera-Hermida 2008; Lombera-Hermida et al.
2011). Also, V. Mourre (1997) interprets the notion
of hyaline quartz as the mineral named quartz
(unanimously known as rock crystal), with a well-
defined crystallisation system and translucent
aspect. We do not understand why it has to be
called hyaline when, in fact, this name has no
justification so long as it expresses an aspect which
defines its specific hyaline (vitreous=glass)
structure. Quartz as a mineral with hyaline structure
has no other variety to justify the addition of this
feature.

J. Collina-Girard (1997) presents an interesting
scheme based on the different cooling speed, which
explains the inclusion of hyaline quartz into the
category of filonian quartz (Fig. 9/1.). The symbol
used for hyaline quartz suggests the form of
crystallisation of quartz as a mineral (probably
produced hydrothermally). In the vein imagined by
the author, inside a package of granites (obviously,
admittedly, with a fairly high proportion of quartz,
beside other minerals), two other categories of so-
called filonian quartz are presented to us:
macrocrystalline white quartz and microcrystalline
sugar quartz.
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Fig. 9.: 1 Formation of a quartz vein (scheme acc. to J. Collina-Girard, 1997 and the image added by us);
Quartz mineral (rock quartz) in the typical crystallisation shape (2a) and rolled pebble shape (3a) with
microscopic images of composing pure minerals (2b, 3b x50; 2¢, 3¢ x200); Filonian quartz (4a, 5a) from the
Bordul Mare Cave, Mousterian III layer (4b, 5b x50; 4c, 5¢ x200 — images provided by the VHX 600 digital
microscope).

9. abra: 1 Kvarc ér képzddése (J. Collina-Girard, 1997 nyoman); kvarc (hegyikristaly) jellemzd kristalyos
alakja (2a) és gorgetett kavics formaja (3a) az asvanyok mikroszkopos képével (2b, 3b x50; 2c, 3¢ x200);
tomeges kvarc bekérgezddés (4a, Sa) a Bordul Mare-barlangbol, moustiéri III réteg (4b, 5b x50; 4c, 5¢ x200 — a
mikroszképos képek VHX 600 digitalis mikroszkoppal késziiltek).
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They, apparently, do not represent more than layers
in different stages of diagenesis, which did not
reach the similar stage of the formation of quartz as
a mineral. Unfortunately, there is no mention of the
mineralogical composition and the degree of
diagenesis of the matrix which holds the quartz
crystals of the categories proposed under the names
of  macrocrystalline white quartz and
microcrystalline sugar quartz, in other words, of
whether these layers are made exclusively of quartz
or contain other minerals as well. This is an
extremely significant aspect for, if they were
exclusively made of quartz crystals, the term
filonian quartz would be justified. But, since quartz
is only prevalent, alongside other minerals as well,
we find it more appropriate to use the term quartzite
as metamorphic rock.

If we were to start from the scheme proposed by J.
Collina-Girard (1997) (Fig. 9/1.), we could
consider that what he calls hyaline quartz is the
mineral form of quartz, its automorphic state,
produced in hydrothermal conditions. The forms of
monocrystalline agglomerates of xenomorph quartz
crystals would include macrocrystalline white
quartz and microcrystalline sugar quartz, with all
their rather variable features owing to precipitation
conditions of the silica caused by the saturation
degree, temperature and pressure which account for
the diversity of types of siliceous rocks produced in
such conditions. Naturally, we can accept
xenomorph quartz formed at high temperatures
which would have a cryptocrystalline structure and
a more transparent aspect as opposed to that formed
at lower temperatures, not exceeding 400°C, which
contains larger crystals, giving the rocks a more
granular structure. Since cooling speed varies in
such situations, the texture of products is as such,
with great variations (Lombera-Hermida et al.
2011). Towards the boundaries of the vein,
temperature is expected to decrease more rapidly
and the frequency of crystallisation nuclei gradually
lowers up to the point when they get lost in the
mass in which other minerals mix as well,
constituting the matrix of that particular rock. This
results in the formation of a rock which has similar
features to the metamorphic rocks.

Under such circumstances, we believe that
accepting the term of filonian quartz (and by no
means that of quartz only, for it would be mistaken
for the mineral) may be an acceptable option,
without eliminating that of quartzite, where
necessary.

Our research performed using the Keyence VHX-
600 digital microscope, with the capacity of
penetration into and identification of mineralogical
and petrographic features, on lithic materials
defined as quartzites from the studied caves,
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allowed several observations. In order to justify the
term of filonian quartz, we identified certain
samples in which quartz crystals are very rich, close
to the rock crystal in terms of their way of
dispersion (Fig. 9/2,3 ). Consequently, we separated
from the materials considered so far as quartzites
certain pieces that may be included in the category
of the filonian quartz (Fig. 9/4, 5). Let us mention
that this petrographic re-categorisation of these
particular lithic tools is based, in this situation,
strictly on the specified microscopic observations.
Unfortunately, in the studies on Palaeolithic lithic
tools from industries defined on quartz carried out
in France or Spain we have not identified
microscopic observations which would allow us to
draw pertinent comparisons and justify, ultimately,
the petrographic classifications invoked. Therefore,
we consider that, as one can notice in the
illustration of materials, in France in particular,
assigning many of them to the category of quartz is
exaggerated and subject to relativity, so long as it
relies only on macroscopic observations. In this
sense, we can provide several examples from caves
we have researched in Romania, quartzite rich in
quartz, which macroscopically, in the French
acceptation terminology, seems more tempting to
assign to filonian quartz, but microscopically has no
sufficient features to justify such assignation
(Figs. 3-4.).

Quartzite should be regarded as a category of
different rocks because petrographically this type of
rock differs genetically from many other rocks.
Quartzite is defined as a metamorphic (Mares et al.
1989) and sedimentary rock which underwent
processes of metamorphosis. Quartzite derived
from metamorphism is also named metaquartzite,
as opposed to orthoquartzite which is a rock of
sedimentary nature. This later one derives from
siliceous sandstones which contain a high
proportion of quartz. In our country, such an
example could be the Kliwa sandstone (Papiu
1960). The petrographic study of the Kliwa
sandstone showed that it is composed of 90-97%
granular  quartz and  corresponds,  both
mineralogically and chemically, to quartz-arenites
(Grasu et al. 1988). These terminological
differences on quartzites were noticed by
archaeologists as well. D. Colonge and V. Mourre
(2009) state it is necessary to use the correct
terminology by employing the terms of
orthoquartzite, metaquartzite, quartz-arenites or
quartzose arenites. A great variety of often
macroscopically different rocks can fall into the
category of the quartzites. Furthermore,
microscopic analysis performed on them revealed
differences between quartzites in terms of a more
abundant or less evident presence of quartz
minerals (Figs. 3-4.).
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Following determinations based on thin sections of
raw material sources used by the Neanderthal man
who lived in the Cioarei cave, the name quartzolite
was adopted for several of the rocks used (Fig. 8.)
(Carciumaru et al. 2000). Quartzolites are rocks
derived from metamorphism with a low degree,
having a blastopsamitic or blastopsephitic structure
(Pavelescu 1980). Macroscopically, they are very
similar to quartzites, but, in the present study, we
have revealed the existence of extremely different
rocks, of the granite type, rich in quartz, very
similar to quartzites, which can only be
distinguished  through complex petrographic
analyses (Fig. 8/5.).

Conclusions

At first sight, the situation of raw material sources
used by Mousterian communities of Carpathian
caves seems pretty simple and typical of the Middle
Palaeolithic: the prevalent use of local rocks, which
denotes opportunistic behaviour and particular
adaptability in relation to resources existing around
the settlements. By deeper analysing the situation in
the four settlements, we find there are differences in
selecting local rocks. Therefore, we shall try to
explain the particularities of each settlement and,
consequently, the behaviour of Mousterian
communities.

Perhaps the most interesting case of raw material
selection is the Curatd Cave. Traditionally,
prehistorians understand by selection of certain
rock categories the use of high-quality raw material
such as flint. In the Curata Cave, the situation is
reverse, quartzite being the most commonly used
rock, despite the abundance of rocks generally
considered by archaeologists as more appropriate
for debitage. As we have demonstrated in this
study, the intentional choice of quartzite to the
detriment of other siliceous sedimentary rocks
(some of them of very good quality) is obvious, so
far a unique element for the Mousterian in Romania
and perhaps Europe. This can be explained by the
special technical properties of quartzite on the
Nandru valley as opposed to other rocks.
Furthermore, the selection in terms of the
morphology of quartzite pebbles and their sizes
(which are quite similar) is remarkable. The
majority of intact or fragmented pebbles have an
elongated morphology, slightly flattened. For
instance, in the Mousterian II level, an intact pebble
and a “tested” one have the same length and height,
with an indistinguishable 1 mm-difference, only the
thickness differs a little: 107/82/49 mm and
106/83/62 mm. Therefore, we can speak about a
selection of morphology and size of raw material,
taking into account that there are, around the cave,
pebbles of quartzite of various sizes (Nitu 2012).

In the Bordul Mare Cave, located quite close to the
Curata Cave (approximately 50 km), the prevalent
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use of local rocks of the quartzite category is
obvious, without a rigorous selection of these. In
addition to them, flint pieces seem to have been
brought to the site, probably from close distances,
considering that the area offers the necessary
resources. The lithic industry is characterized by the
efficient exploitation of quartzite or vein quartz
sources from the vicinity of the cave, but also the
identification of the more profitable rock sources
from the flint category, situated not far away.

To the south of the Southern Carpathians, where
raw material resources of good quality are absent,
the prevalent use of igneous and metamorphic rocks
is obvious. For example, in the Cioarei Cave,
highly diverse magmatic rocks were used, while
tools of the flint, jasper, chaille category are absent,
to the extent that the first ones can be found on the
valley of the Bistricioara, which flows at the foot of
the cave. Of the 22 types of existent igneous rocks,
the Neanderthal man preferred to knap half of the
lithic ensemble out of quartzolite-type rocks,
without remaining indifferent to granite (almost
30%) and even diorite (10%). We must say that
alkali feldspar granites rich in quartz (Fig. 8/5.) can
be easily mistaken, at first sight, for quartzites, as
they probably borrowed plenty of mechanical
properties which made them suitable for the
debitage process. One may thus assert that
Mousterian people from the Cioarei Cave prove
undeniable opportunism as regards the almost
exclusive use of rocks supplied by the nearest
valley (quartzolite, granite, diorite, monzonite,
lamprophyre, grit stone, gneiss, rhyolite, basalt),
even though they do not seem the most appropriate
for knapping.

In the Galbenu Valley, along which one can find
the Muierii Cave, the magmatic and metamorphic
rocks are about the same as those from the
Bistricioara Valley, except for quartzites. However,
the most frequently used rock of all during the
Mousterian is quartzite. It may have been taken
from the neighbourhood. It is very interesting that
the inhabitants of the Muierii Cave had a different
behaviour than those of the Cioarei Cave, in the
sense that they did not use the igneous rocks
present along the nearby valley, even though
quartzite was absent from the immediate vicinity of
the cave.

The presence of these options fully demonstrates
the selection capacity of the Neanderthal man,
doubled by a high opportunism, but also the
conceptual contradictions still dominating the
interpretation of the Neanderthal man’s behaviour,
which should constitute a subject for reflection.
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Abstract

Interdisciplinary approaches to archaeology allow the application of new scientific methods in the study of
archaeological objects, and make it possible to examine a large number of artefacts including stone tools, with
petrological-geochemical (archaeometrical) methods. However, as of today, a complex but easy-to-use, simply
accessible register of the archaeometrical research results has not been developed yet. The project presented in
this paper endeavours to fill this gap for archaeological stone tools.

The experimental work proposed here is based on the comprehensive analysis of 1200 stone tools from the
Middle Bronze Age Vatya Culture from sites all over the Central Carpathian Basin. The new type digital
database (“Archaeometric Stone Tool Database”) has been developed on the basis of the results. This database
is aimed to combine the archaeological and geological data of polished and ground stone tools studied by
scientists in various archaeometric centres in the Carpathian Basin. The unified database includes data of
diverse archaeological and geological analyses performed on polished stone tools.

This integrated system is planned to be accessible via the Internet and hopefully it would facilitate a rapid flow
of information, easy and quick data management, allow for new type data selection and statistical analysis,
provide options for immediate database queries, groupings and clusterings. Parallelisms would be thus
minimalised, while new extensions to the system could be added by professionals with specific access rights
granted. For the realization of the defined objectives and the long-term viability of the system, a flexible and
effective informatic background with constant updates and safe operation are required. For the operation of the
proposed project, the system should gain the full acceptance, consent and approval of the research centres with
further clarification of the operating conditions and requirements.

Kivonat

A természettudomanyok régészeti kutatasokban valo megjelenésével nagy szamu régészeti targy, eszkoz, ezen
beliil kéeszkoz keriilt feldolgozasra régészeti, valamint kozettani-geokémiai (archeometriai) modszerekkel. Ez
utobbiak egységes, jol attekintheto, kénnyen hozzaférheto rendszerezese, nyilvantartasa nem tortéent meg. Jelen
tanulmany ennek megoldasat kivanja elosegiteni a kozet anyagu régészeti kéeszkozékre vonatkozoan.

E kisérleti munka alapjat a Karpat-medencében kézponti fekvésii kozépso bronzkori vatyai kultura tobb mit 1200
kéeszkozének feldolgozasa jelentette. Ennek vizsgalati adatainak alapjan szerkesztettiik meg azt az uj tipusu
digitalis adatbazist (,, Archeometriai Kdeszkoz Adatbazis™), amely a kiilonbozé archeometriai miihelyekben
feldolgozadsra keriilt csiszolt kbeszkdzok és szerszamkidvek régészeti és geologiai szempontu adatait szeretné
egységesiteni Karpdt-medencei szinten.

Ez a terveink szerint interneten hozzdférhetd rendszer lehetévé tenné az informdciok gyors aramlasat, az adatok
kénnyti kezelését, statisztikai elemzését, a kiilonféle lekérdezések, csoportositisok lehetéséget. Hasznalataval
kisziirhetok lennének a parhuzamossagok, mikézben maga a rendszer meghatarozott hozzaférési joggal
rendelkezé szakemberek szamara bévitheté lenne. Mindennek redlis megvalositasahoz egy olyan rugalmas és
fejleszthetd informatikai alap sziikséges, amely nem éviil el és biztositia a fenti célok hosszutavi
megvalosithatosagat. A javasolt rendszer mitkodtetéséhez a szakmai mithelyek egyetértése és megallapodasa
sziikséges, a miikodtetés feltételeinek és koriilményeinek tisztazasa mellett.

KEYWORDS: CARPATHIAN BASIN, VATYA CULTURE, ARCHAEOMETRIC DATABASE, POLISHED STONE TOOLS,
GROUND STONES

KULCSSZAVAK: KARPAT-MEDENCE, VATYAI KULTURA, ARCHEOMETRIAI ADATBAZIS, CSISZOLT KOESZKOZOK,
SZERSZAMKOVEK
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Introduction

Adopting the described geological approach to the
study of archaeological objects, one can get answer
to specific questions that would otherwise remain
unarticulated. Results obtained in this way can
largely contribute to the interpretation and
evaluation of cultural landscapes (including
lifestyle, scope of action, level of technical
development, etc.) (Petd, 1999; Peté - Kelemen,
2000; Szakmany, 2009).

Bearing this in mind, the Institute of Archaeology,
Research Centre for the Humanities, Hungarian
Academy of Sciences and the Department of
Mineralogy and Geology of the University of
Debrecen has initiated a successful inter-
institutional cooperation for the joint research of
stone artefacts from the Middle Bronze Age Vatya
Culture, starting in 1995. The results are plentiful
and mutually beneficial (Farkas—Pet6, 2008;
Horvath, 2004; Horvath et al. 1999; 2000a; 2000b;
2001; Pet6 et al. 2002).

We focused on the following questions:

— What types of mineral resources and rock
materials were used by this centrally located,
advanced Bronze Age culture?

— What is the provenance/source of raw materials
used for polished stone tools and implements?
(collection sites, countertrade)

— Based on the amount and manufacturing of the
artefacts, what could be the level of technical
development?

— What were the basic economic/subsistence
practices of the community and what functional
relevance can be assigned to the rock materials
applied for these activities?

Several problems arose while analysing the
complete stone tool assemblage, probably not
unknown for those who deal with similar type of
archaeological evidence:

— since stone implements from the Bronze Age are
generally considered to be of secondary
importance, no standardized, all-encompassing
inventory of the objects is available

— the items are distributed among several different
museums

— repositories and registers are diverse

— access rights, legal, personal and other terms of
use are not clearly defined

— strict limitations are set to the sampling of stone
tools (for purposes of raw material tests)

One of the most difficult problems we faced during
our research work was the lack of a uniform, easily
accessible and standardized register of the objects.
The systematic analysis of more than 1200 items
made it indispensable to develop a consistent
system of records, so as to make the published data
transparent and generally available, allowing for
multidisciplinary approaches and multifaceted data
comparisons (e.g. geological vs. archaeological).

The basis for database development: the
stone tool assemblage of the Vatya
Culture

Importance of the Vatya Culture

Relics of the Middle Bronze Age Vatya culture are
of special importance from several aspects. This
prehistoric culture seems to have occupied the
Central Danubian Region (Fig. 1.), taking control
of the main transport routes along the line of the
Danube and the related minor river systems. The
strategic habitat of the people fit well with their
lifestyle and subsistence practices, which were
supposedly based on agricultural activities and land
cultivation.  Site excavations reveal diverse
settlement types and traces of a complex, stratified
society. In the Hungarian context, we can talk about
a well-researched, properly described material
culture. Archaeological evidence — including the
respective stone tool assemblage — is abundant and
homogenous, showing a typical tell culture with
identifiable, distinctive characteristics (Bona,
1992).

While most of the published literature discusses the
Bronze Age with prime focus on metallic
instruments and elaborate pottery, our research
work is novel in the sense that it emphasizes the
prolonged importance of stone tools used either as
weapons, stabbing and cutting implements (sickle,
arrowhead, axe, scraper); or as moulds, corn and
paint grinding stones. Several hundreds of the
mentioned instruments were identified among the
findings of the Vatya Culture — as opposed to the
limited set of bronze tools that would rather have
functioned as weapons, external ornaments or status
symbols. A detailed study of the stone implements
allows for a comparative analysis with material
evidence from earlier periods.
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Fig. 1.: Habitation area of the Vatya culture (Middle Bronze Age) in the Carpathian Basin and its presumable
lithicl raw-material source areas

1. abra: A vatyai kultira (k6zépsé bronzkor) elterjedési teriilete a Karpat-medencében és kodeszkdzeinek

feltételezhetd nyersanyagforras teriiletei
Key:

© Metabasic/serpentinized ultrabasic-basic rocks:
Rohonc (Rehntitz) Window, Bernstein, Austria; Zelezn}‘/
Brod (?) (Bohemia), Zelesice(?), Czech Republic;
Pernek(?), Little-Carpathians, Slovakia;Ophiolite of
Maros zone (??); Vardar-zone (??)

@ Basalt: Balaton Highland

© Dolerite-metadolerite, metadolerite-gabbro: Biikk
Mts. - Szarvaskd; Zarand Mts. (?)

O Andesites: Matra Andesite Formation: Visegrad Mts.,
Borzsony Mts., Cserhat Mts., Matra Mts. (?), ,,Komlo
andesite’”: Mecsek Mts.

© Diorite: Zarand Mts.(?)
@ Granite: Velence Mts.; Moragy Hills
@Red sandstone: Balaton Highland; Mecsek Mts.

OHarshegy type sandstone: Buda Mts. (Harshegy
Sandstone Formation)

© Neogene sandstones: Budafok Formation, Buda Mts.,
edge of Tétényi Highland, Budafa Formation, southern
foreland of Mecsek Mts.

©® Metamorphic pebbles (amphibolite-, mica-schist,
gneiss, phyllite, metasediments, quartzites): Pleistocene
gravel in the Pest Plain.

Limestone, marl, siliceous rocks : Transanubian Range
and its foreland

Applied archaeometric methods

Stone artefacts studied in the current work are
curated in 12 museums and local historical
collections.
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Jelkulcs:

©  Metabazit/szerpentinesedett  ultrabazit-bazit:
Rohonci-ablak, Bernstein, Ausztria; Zelezny Brod (?),
Zelesice(?), Csehorszag; Pernek, Kis-Kéarpatok
Szlovakia(?); Maros menti ofiolit(??); Vardar-6v (??)

@ Bazalt: Balaton-felvidék

© Dolerit-metadolerit, metadolerit-gabbré: Biikk
hegység, Szarvaskd; Zarandi-hegység (?)

® Andezitek: Matrai Andezit Formdci6: Visegradi-
hegység, Borzsony, Cserhat, Matra(?), ,,Komloi andezit™:
Mecsek

© Diorit: Zarandi-hegység(?)
O Granit:Velencei-hegység; Moragyi-rog
@ Voros homokkovek: Balaton-felvidék; Mecsek

OHarshegyi-tipusii  homokkévek:  Budai-hegység
(Harshegyi Homokké Formacio)

© Neogén homokkovek: Budafoki Formacio, Budai-hg.,
Tétényi-fennsik pereme, Budafai Formacio, Mecsek D-i
elétere

In order to identify the potential raw material
sources the available literature was analysed,
sample collections were studied and geologists
were consulted, too. Apart from these we have tried
to visit and sample the possible raw material
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Table 1. Summary table of the Vatya culture compiled on the distribution of the stone tool according to stone type

1.tablazat: A vatyai kultra vizsgalt kdeszkozeinek Osszesitett, régészeti-kdzettani tablazata
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Table 2.: Appliciation of subjective reliability index relevant for the presumable raw-materials source areas

2. tablazat: Szubjektiv megbizhatésagi index alkalmazasa az egyes nyersanyagtipusok szarmazasi helyére

vonatkozdan
REAW ALATERIAL PRESUMABLE SOURCE AREA(S) INDEX
- Ophiolite sequence of Eastem Alps
- Bohemian Massif, Zelezni: Brod 2
METABASITE SERPENTINIZED - Pernelk, South Slovakia (in many cases)
BASIC-ULTRABASIC ROCKS - Vardar-zone
- Ophiolite sequence of Eastern Alps, -
Bohone{Rehnitz} Window (Bemstein) {in some cases)
i - Tapolca Basalt Formation, Balaton
Baha :—Iigklljland and Little Hungzarian Plain 3
- Tardos= Gabbro-. Szarvazko Basalt
DOLERITEMETA-DOLERITE Formation, Buikk Mi=. 5
METADOLERITE-GABERO - Maros-zone G
- Vardar-zone
- Marra Andesite Formation: Visegrad 1
ANDESITES Mi=., Borzsany, Czerhat, Matra Mis. =
Komla andesite” Meacsek Mtz 3
DIORITE —_Za.ré.pd l;ts. . Maros zone (South ¥
Transilvania) £
- Velence Granite Formation, Velence 4
GRANITE o
- Mordgy Granite Tormation 4
Fazekasboda-Moragv
- Balatori-highland Fed Sandstone 4
PERMIAN RED SANDSTONE Lo -
- Jakabhe gy Sandstone Formation 1
-Eovazoszolos Formaton -
HARSHEGY-TYPE SANDSTONE - Harshegv Sandstone Formation 3
- Budafol Formanon, Tordkbalint 1
NEQGENE SANDSTONE Formanon =
- Budafa Formation k)
MESOZOIC LIMESTONE - Transdanubian Eange 2
EOCENE LIMESTONE - 5z6c Limestone Formation. Bakony 1
M=, Gerecse M=, =
MIOCENE LIMESTONE Stos T o Tolation 3
- Pecsszabolcs Formation
MARL - Buda Marl Formation 2
METAMORPHIC GRAVELS
[amfibolite-, mica-zchist, gneiss, - Plaizstocens gravel in the Pest Plain 4
phsillite. metasediments, quartrite)

outcrops in Hungary, in the Carpathian Basin and
abroad as well. Regarding serpentinites for example
we have taken samples for comparison from the
vicinity of Felsdcsatar, Bernstein and DobS$ina and
from the Mountains in Czech Republic.

In order to characterize the petrography of the stone
tools macroscopic and microscopic analyses were
performed.

During the detailed macroscopic analysis, similar
stone types of almost identical genetic
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characteristics were identified in the museums.
Samples representing the selected groups were
further used as etalons and made as many
investigations on them as possible. Some of the
etalons were reserved for comparison as well. In
case the group was not homogeneous the material
of several tools were analysed.

In the course of our work a new sampling method
was worked out involving drilling with a micro-
crown-driller and cutting sheets that although
causes destruction on the tool but it can be
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eliminated and the method yields a sample of
representative  size  for  macroscopic  and
microscopic analyses and also for other
instrumental analytical methods. According to our
experience, the results of this method can be used
for wider interpretation than the results of
completely non-destructive surface analyses.

Macroscopic and microscopic analyses of the stone
tools were carried out in the laboratory of the
Department of Mineralogy and Geology, University
of Debrecen.

Mineral composition of crystalline material was
measured by X-ray analysis at the X-ray Laboratory
of the Geological Institute of Hungary (today,
Geological and Geophysical Institute of Hungary).

Major element analysis of the archaeological stone
tools was carried out at the Department of
Mineralogy and Geology, University of Debrecen
while the trace element composition determination
was performed at the Department of Inorganic and
Analytical Chemistry, University of Debrecen.

As a further development of the methods started by
the construction of the Lithotheca by Katalin T.
Bir6 and Viola Dobosi (T. Bir6 — T. Dobosi, 1991,
T. Bir6 et al. 2000) the tool and material groups
were documented in detail and their samples were
stored in an etalon collection in the course of
several years of a multi-level research. Samples
taken for comparison were handled in a similar
way.

Stone tools of the Vatya Culture

People using stone tools tried to use the most
suitable stone types from the available ones
considering the function of the tool to be made.
Although they might have tried to make tools of
similar function from various rock types slowly he
could identify the most suitable raw material for
each function. These are presented in the
summarizing table compiled based on the
distribution of the stone tool according to stone
types (Table 1.).

This reveals that polished stone tools are made
dominantly of harder, more resistant and well
polishable igneous and metamorphic rocks while
for grinding stones hard, coarse grained quartz
containing sedimentary rocks were selected.

Chopping tools used in the process of grinding were
made of metamorphic sandstone or quartzite
pebbles.

Moulding forms used for bronze moulding were
made predominantly of fine grained but porous
volcanogenic sandstone as these rocks could be
shaped well and enabled the gas release of the
moulds excellently.
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Regarding the origin of the raw material of the
stone tools, the results suggested that people in the
Vatya Culture had a very developed stone industry
and they could have acquired the stone types
appropriate for raw material from nearby sources,
mostly within or near the district of their residence
area. Only a few rocks of more distant localities
were identified. Their place of origin was probably
along the trading routes connecting the cultures.

In our opinion the raw material mostly originated
from the Vatya culture residential area (with 50 km
of transport distance range) while in the case of
imported raw material the maximum transport
distance could eventually reach 350 km (Fig. 1.).

In the case of several potential raw material sources
either the accurate and costly analysis of all
potential localities has to be carried out or we have
to assume that the probability of material
acquisition decreases with increasing distance.

Due to the objective difficulties during the
identification of raw material source localities and
to the limited financial possibilities the overall
description and source research of the associations
was possible with various efficiencies. Based on
these, the probability of the source localities of the
given stone groups was characterized by a
reliability index for which the following reliability
categories were set: 1. unknown source locality; 2.
the material originates presumably from one of the
given localities; 3. the material originates very
likely from one of the given localities, however, the
accurate identification of the locality is uncertain
(identification is possible at formation level); 4.
source locality can be exactly identified with good
reliability at locality district level; 5. source locality
can be exactly identified. In our case the highest
value was 4 and the source of most of the materials
was identified at formation level (Table 2.).

Archaeological databases

There are several examples for the classification
and presentation of archaeological stone tools in the
literature providing a good basis for our work.

The Lithotheca Compartment of the Hungarian
National Museum (T. Bir6 & T. Dobosi, 1991; T.
Bir6 et al., 2000) rock types are put on display that
were once employed as raw materials for the
manufacturing of chipped and (to a lesser extent)
polished stone tools deriving from identified and
researched Palaeolithic—Neolithic cultures.

Early versions of the Lithotheca information
database ran under MS-DOS. With the launch of
Visual Basic, the database was moved to Windows,
using an MS Access database. Advancements in the
digital inventory management and computerized
registration system of the Hungarian National
Museum made it necessary to convert the complete
Lithotheca-database to a Java-based application
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running on Oracle relational database management
system, generally used by the Museum Registration
System in Hungary (MNYR) (T. Biro, 2005).

As seen from the information recorded on the
Lithotheca datasheets (rock type, lithogenetics,
geological age, colour, etc.), the database is a useful
tool for archaeologists of geological interest. It
helps in the visualisation of the most frequent lithic
raw materials, based on their textural-structural
characteristics. For a subset of samples, complex
geochemical profiles are displayed. Abbreviations
used on the datasheets are explained in the Key of
Symbols.

The MissMarble Database published by Judit
761dfoldi  contains the analysis results of
archaeological and geological marble samples
utilizing the advantages of the architecture of the
client server (Z61dfoldi et al., 2008).

Other findings, e.g. the material of ceramics are
also accessible in databases (Z61dfoldi et al., 2010).

Archaeometric Stone Tool Database

The taxonomic classification of the exceptionally
rich stone tool assemblage attributable to the Vatya
Culture made it necessary to compile a new,
integrated digital database accessible for both
archaeologists and geologists who work in joint
research programmes launched on
petroarchaeological-archaeological topics. Further
project aims included: improved reliability, easy
data management and optimized applicability.

These criteria assume a new, integrated digital
resource system that contains detailed, accurate and
scientifically sound information applicable for
multiple-target search and user-defined sample
identifications. In an international context, the
database should provide options for comparative
analysis with assemblages from contemporaneous
cultures, and for relative/statistical comparisons
with assemblages from earlier and later cultures.

The structure of the database

Our database has to contain the petrogenetically
very heterogeneous raw material of every stone tool
of a complete culture (Table 1) requiring an
approach different from the databases mentioned
above.

When a smaller field (stone type, tool type) is
included in a database the standardizing of the
records is viable and can be very useful as in the
case of the MissMarble Database (Z61df6ldi et al.,
2008). This helps data recording as well as the work
of the users when working with the database or
search it (e.g. application of keywords). The more

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

109

heterogeneou the information in the database,
however, the more difficult will be the
establishment of such standards.

One of the advantages of our database is the diverse
complexity of archaeological and geological data;
however, it makes the application of simple,
uniform descriptions and thus simple searching
strategies hard.

In our database each record — for example in the
case of the archaeological description of a tool or
the petrographical characterization of a raw
material — has the possibility to contain a detailed
scientific description providing a tinged depiction
of the tool more suitable for comparison.

The division of the database according to tool or
stone types for simpler handling was rejected
because in our opinion the inclusion of all types of
data in one database is more valuable and
informative for the end-users.

Collation and classification of the data are possible
in this system as well for example by stone tool
types (e.g. displaying only the datasheets of stone
axes) or by raw material types (e.g. pyroxene
andesite). Collation can be even finer if performed
on the basis of several keywords (e.g. stone axe +
pyroxene andesite + Szazhalombatta). If the
database is extended further — it will contain not
only the data of the Bronze Age Vatya Culture —
datasheet searches can be refined according to other
aspects as well (e.g. culture, archaeological age).

Structure of the database tables

In order to illustrate the structure of the database
and the filling of the records (Fig. 2.) we are
presaenting here one of the completed datasheets.

The database is technically comprising two distinct
but complementary parts that can be used jointly or
separately. The order of data recording is
determined by the softwer setting. In the case of
compulsory fields it is not possible to move on until
data are entered. In case we have no available data
for the field, no data has to be entered or the field
has to be lined through to move on to the next field.

The first dataset contains archaeological data for
the identification of each item (Fig. 2.):

This includes the name of the archaeological site
with the county and the country names; the
inventory/record number(s); the stone tool type
(polished/ground stone/other); function (e.g. stone
axe, grinding stone), location of its current storage
(museum, private collection) and the name of the
archaeological culture. Date of collection or
excavation together with the name of the
collector/excavation supervisor or the donator can
also be given.
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Fig. 2.: Archacometric Stone Tool Database: sheet of database with the query possibilities

2. abra: Régészeti kdeszkozok 0sszehasonlitd kdzetgylijteménye: adatbazis adatlap a lekérdezhetd adatokkal

Archaeological description of the tool is given
according to its function as accepted in the
archaeological literature.

Dimensions of the tool are contained in a separate
field.

The description can be completed by a drawing or
macroscopic image of the tool and these have to be
indicated by entering the appropriate word
(Drawing and/or Image). Photos and drawings can
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be displayed directly by clicking on

Drawing/Image script on the datasheet.

the

Another field called other also belongs to the
archaeological datasheet. This may contain such
information and notes regarding the tool that would
not be part of the archaeological description.

The second part of the datasheet is composed of the
petrographic and other geological data of the tool
containing the following fields:
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In the stone tool raw material field the material is
identified by the name of the rock. As a rule the
name runs from the most general rock name to the
more specific ones separated by a hyphen (e.g.
andesite — pyroxene andesite) in order to make
queries easier.

In the field location of origin of the raw material the
potential or most probable locations of origin can
be given. Since their identification is difficult in
many cases, the probability of the identification (as
an estimated percentage) is also given (e.g. Matra
Andesite Formation: from the volcanic formations
of the Visegrad Mts.: 80 %).

If the collection location of the raw material can be
recognised or supposed with reasonable certitude
we can note here whether the material was collected
from a rock outcrop, debris or river load.

In the sampling field we can indicate whether
sampling from the material of the tool was possible
(e.g. chopped fragments, thin-sections) for further
analyses/comparisons and the place of its storage
can be given as well.

The petrographic description of the raw material is
divided into two sub-fields: the first contains the
macroscopic and the second contains the
microscopic  descriptions. The  microscopic
description is also divided into further two parts:
describing the textural characteristics and the
mineral composition of the rock. The authors
consider the most detailed description as best in
order to provide appropriate basis for complex
analyses.  Standard  petrographic  description
routines are applied; however, there is no standard
for rocks of different genetics. When searching, the
datasheets can be selected according to rock types
based on the rock name field (e.g. selecting the
amphibole or pyroxene andesite within the
andesites).

Tables belonging to the petrographic part are the
following: microscopic images, geochemical data
tables. Evaluation diagrams can be indicated on the
datasheet and can be accessed directly in the
database.

The field called other — similarly to the
archaeological part — is used for giving
complementary notes for the descriptions (e.g.
further analyses required, similarities to other raw
material).

The references at the bottom of the datasheet
include the archaeometric literature associated with
the given stone tool or with the methodology of the
analyses.

The Windows/Access based version made by the
authors contains the datasheets of 865 polished
stone tools and ground tools (Table 1) of the Vatya
Culture analysed from the aspect of both
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archaeology and petrography. The vast amount of
data was easier to manage and analyse statistically
in this form making the characterization of the
stone artefacts of theVatya Culture much easier.

Software background, query options, potentials
for database expansion

The intelligent, Windows-based project database
provides a flexible framework for the inclusion of
additional resources, selective data entries, content
upgrades, dynamic queries, multi-target requests,
multifunctional  applications, statistical  data
analyses and comparisons. A bilingual (Hungarian-
English) version of the database is currently under
development.

An open source web application to the database is
in scope for the second project phase, to make the
system generally accessible for use. With the
contribution of entitled researchers inland and
abroad, it would function as a “virtual research
environment” for professionals. Particular interest
of experts from the neighbouring countries (i.e.
from the Carpathian Basin and its immediate
environs) is expected.

The idea of re-writing the program for a web
application ruled out the original concept of
developing a CD version of the database system
(installable on PCs), considering that a web-based,
dynamic and interactive context is more fit for the
age and perfectly meets the project aims. This
solution implicitly eliminates a number of problems
(data  redundancies, data  expansion, data
obsolescence), while includes several extra built-in
functions that would otherwise be unavailable. All
the more, by adopting the database to a platform-
independent medium, it would no longer be of
limited use to Windows, but becomes accessible
through any operational systems (e.g. Linux, Mac
0S-X, BSD etc.) or any devices with internet
connection (including mobile tools).

The system is run by Drupal CMS (content
management system), using PHP-based
programming language and MySql datastore
service that allows for safe and sound operation,
high-quality performance and unobstructed access.

The user-friendly layout of the system offers easy
navigation, flexible data management and effective
display of numerous types of content. Using the
“Views” toolbars at the top of the page, specific
fields (i.e. data elements) and individual items can
be selected, database tables can be compiled,
queries can be made through filtration against
various node attributes, requested information can
be tagged — all viewed either on screen or in print
version.

Due to constant developments to the core
operational system, several customary problems
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associated with such systems are eliminated, while
performance data are registered, system errors are
detected and repaired trough dynamic system
updates.

Different authority levels — represented by different
user roles with defined permissions to the system —
can be created. Thus, any user with a special role
assignment has access to a specific set of functions.
Visitors with no registration to the website
(“anonymous users”) would have no problems in
searching for information or navigating in the
database, while any content management or edition
function (data addition, data removal, page
reorganization, creation of tables etc.) requires
proper administrative rights. Thus, “authenticated
users” like professionals, experts and researchers
can get involved in active database expansion (by
adding, processing or revising data) regardless of
their actual geographical location.

Converting the database into a web-based, open-
access integrated resource system allows for
harnessing the community potentials of diffuse and
populous user groups. Thus, new features and
functions can be added to the system, far beyond
the “simple access” to the database. Various user
groups can be formed, from special interest groups
to communities of professionals, who can actively
participate in constant content profiling, updating,
and dissemination — for the benefit of the public.

This would open the way for creating an integrated
knowledge base, a kind of online lexicon
(somewhat like Wikipedia), where the reliability of
information would be safeguarded by entries
written, edited, revised and updated by researchers
or professional experts.

Interactive communication panels are also rendered
as notable sources of information. Informal
discussion forums, e.g., might function as virtual
platforms to debate specific issues, articulate and
answer questions, introduce new topics, identify
problems, reinterpret and re-evaluate established
results.

Research expeditions, even complete
archaeological excavation projects can be
documented, published and archived through user-
customized image galleries, blogs and weblogs that
might be of importance in education too.

Summary

During the systemizing of the numerous stone and
tool material of the Vatya Culture the idea of a new
database was raised that could be useful for both
archaeologists and geologists. As a result, the
Archaeometric  Stone  Tool Database was
established comprising currently of the 865
polished and ground stone tools of the Vatya
Culture studied and analysed from archaeological
and petrographic points of view.
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The database is suitable for storing archaeological
and archaeometric data (e.g. archaeological or
petrographic descriptions) in a modern, expandable
form that is accessible internationally and can be
developed continuously. Various data types can be
viewed from the tables of the database (e.g.
archaeological drawing, microscopic photos,
analytical results). International accessibility
presumes bilingual storage of the data; however, the
database can operate with even more languages. A
further advantage of the system is the reduction of
the necessity of destructive analyses.

Due to the lack of development sources, only the
downloadable Windows/Access based version of
the database can be accessed, however, its
operation is good in its present form as well and
proved to be a great help regarding data
management, queries and statistical evaluation of
the high number of stone tool material of the Vatya
Culture.

If practice verifies the usefulness of this system
then its example can be the basis of other
archaeometric databases.
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PETROGRAPHICAL AND GEOCHEMICAL INVESTIGATION OF GRINDING
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Abstract

The present study reports results of petrographical and geochemical analyses on grinding stone fragments from
the archaeological site Balatonoszod — Temetdi diil6 (Hungary). Balatondszéd — Temetdi diilo is the largest
excavated and longest-lived site of the Baden Culture in Hungary (more than 200.000 m?) (Fig. 1.). In the site
objects of the Balaton-Lasinja Culture and the Boleraz Culture were found too. Altogether 500 finds (made of
stone) turned up, among them 11 finds (grinding stones and their fragments) made of basaltic lapilli tuff.

Applying detailed petrographical and geochemical methods as well as comparing literary data, We concluded
that the raw material of the grinding stones (and fragments of grinding stones and other non-specific fragments)
made of basaltic lapilli tuff most probably originate from the young basaltic pyroclastics of the Balaton-
Highland and the Little Hungarian Plain, namely from any of the following localities: Hajagos-hill (Diszel),
Csobanc, Kereki-hill, Szigliget, Uzsa, pyroclasts cropping out between Bazsi and Tatika.Hajagos-hill (Diszel)
and Uzsa have been discussed as possible source for archaeological finds (from the same excavation) made of
basaltic material (Péterdi et al. 2011).

Kivonat

Balatondszod - Temetoi diilo lelhely a Baden kultura Magyarorszdagon eddig feltart legnagyobb és leghosszabb
eletii telepiilése (teriilete meghaladta a 20 hektart). A lelohelyen a Balaton-Lasinja kulturanak és a Bolerdz
kulturanak is keriiltek elé onallo objektumai. Az asatas soran 500 db kozet-anyagu lelet keriilt napvilagra, ezek
kozott 11 db bazaltos lapillitufabol késziilt orléko, illetve orloko-toredeék is talalhato.

Részletes petrogrdfiai és geokémiai modszerek alkalmazadsaval, valamint irodalmi osszehasonlitas segitségével
megallapitottuk, hogy a bazaltos lapillitufabol késziilt Grickovek (6rickd-toredékek) és egyéb, jellegtelen
toredékek nyersanyaga — a juvenilis (vulkani) elegyrészek mindsége és megjelenése, a benniik eldfordulo
piroxén-kristalyok dsszetétele, a kizetiiveg Osszetétele, a kitérés sordan felszakitott idésebb kozet-tormelék
mindsége és az utolagos karbondtos cementdcio alapjan — nagy valosziniiséggel a Balatonfelvidek (illetve a
Kisalféld) fiatal bazaltos piroklasztitjaibol szdarmazik, nevezetesen a kovetkezd leldhelyek valamelyikérdl:
Hajagos/Diszel, Csobanc, Kereki-hegy, Szigliget, Uzsa, a Bazsi és Tatika kozott felszinre bukkano piroklasztitok.
Ezen lelohelyek kéziil a Hajagos/Diszel és Uzsa a régészeti lelohelyrdl elokeriilt bazalt-anyagu régeszeti leletek
(csiszolt kdeszkozok) lehetséges forrasteriiletekent is felmeriilt (Péterdi et al. 2011).

KEYWORDS: COPPER AGE, BADEN CULTURE, STONE TOOL, GRINDING STONE, PETROGRAPHY, GEOCHEMISTRY,
BASALTIC LAPILLI TUFF, BALATONOSZOD

KULCSSZAVAK: REZKOR, BADEN KULTURA, SZERSZAMKO, ORLOKO, PETROGRAFIA, GEOKEMIA, BAZALTOS
LAPILLITUFA, BALATONOSZOD

Bevezetés, régészeti hattér, a kutatds célja onallo objektumai. Eszakon a Boleraz kultura
telepiilésének magja, délebbre az atmeneti és a
klasszikus badeni kultira telepiilésének magja
talalhatd. A Balaton-Lasinja kultara és a Baden
kultira anyaga tobb helyen keverve keriilt eld,

Balatondszod-Temet6i diild lelhely a késé rézkori
Baden kultira Magyarorszagon eddig feltart
legnagyobb és leghosszabb életll telepiilése. A
feltart és a hozza kapcsolodo regisztralt lelhely anélkiil, hogy a metszetben késSbbi bedsds vagy

egyiittes teriilete meghaladta a 20 hektart (1. abra). bolygatdas nyoma lett volna megfigyelhetd.
A leléhelyen a kozépsé rézkori Balaton-Lasinja (Horviéth et al. 2006, Horvath 2010)

kultaranak és a Boleraz kultiranak is kertltek el6
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1. abra: Balatondszod-Temetdi diil6. Az asatasi
teriilet és kozvetlen kdrnyezete. Készitette:
Viemann Zsolt (www.szekely-kiado.hu ortofoto
hattérkép alapjan, Horvath et al. 2006).

Fig. 1: The archaeological site (Balatondszod —
Temet6i diil6) and its surroundings (by Zsolt
Viemann, on the basis of the orthophoto of
www.szekely-kiado.hu, Horvath et al. 2006)

A tovabbiakban a kiilonbozé kultardk csiszolt
kéeszkozeit (és szerszamkoveit) egylitt, 0sszevonva
targyaljuk, mivel barmelyik itt targyalt korszak
csiszolassal megmunkalt leleteirdl annyira keveset
tudunk, hogy az eszkozok  szétvalasztdsa
tipologiailag vagy nyersanyag alapjan egyel6re nem
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lehetséges, a lel6helyen pedig a legtobb korszak a
késé rézkorral atfedésben jelentkezett, vagyis a
néhany, potencialisan a kozépsé rézkorba vagy
korai bronzkorba is sorolhat¢ lelet kora és kulturalis
besorolasa bizonytalan.

Az asatas soran 500 db kézet-anyagu lelet keriilt
napvilagra. Ezek régészeti tipizalasat Horvath
Tiinde végezte el. A leletanyagban 11 db bazaltos
lapillitufabol késziilt 6rléko, illetve 6rloko-toredék
is talalhato.

Munkank célja a Balaton6szod — Temet6i dild
lelohelyrdl (1. abra) elokeriilt kdeszkdzok részletes
kézettani és geokémiai vizsgalata; a nyersanyagok
szarmazasi helyére vonatkozo kdovetkeztetések
levonasa.

Vizsgalati modszerek

A leleteket makroszkopos (azaz szabad szemmel és
kézi nagyitoval végzett) megfigyelések alapjan
nyersanyaguk alapjan csoportokba soroltuk. A
csoportok egy, vagy néhany jellemzd (€s régészeti
szempontbol ~ kevésbé  értékes,  toredékes)
példanyabol vékonycsiszolat késziilt a részletes,
petrografiai (polarizacios) mikroszkopos
vizsgalatokhoz. A  mikroszkopos  vizsgalatok
eredményét (asvanyos Osszetétel, kozetszovet)
elektron-mikroszondas asvanykémiai vizsgalatok-
kal egészitettik ki. A kapott adatokat a
szakirodalomban ko6z6lt kordbbi leirasok és
elemzések adataival vetettiik dssze.

Az elektron-mikroszondas (EPMA) vizsgalatok az
MTA Geokémiai Kutatd Intézetében, Budapesten
késziiltek (Oxford Instruments INCA Energy 200
tipusi  energiadiszperziv  elemzd  rendszerrel
felszerelt JEOL  Superprobe 733  tipust
elektronmikroszondaval, 15 kV gyorsitofesziiltség
¢és 4 nA mintadram értékek mellett).

A vizsgalt mintakrol és az elvégzett vizsgalatokrol
az 1. tablazat tajékoztat. Az attekinthetdség
érdekében a tovabbiakban a mintapéldanyokra — a
bonyolultabb objektum és szelvényszam helyett — a
tablazat ,,mintajel” oszlopaban talalhato jellel, vagy
a kézetvaltozat megnevezésével hivatkozunk.

Objektum Mintajel = Kézet Vékony- SEM / 1. tablazat:
csiszolat EPMA Mintadarabok és elvégzett
49/7 szelvény  BOT 7 Bazaltos lapilli-tufa + + vizsgdlatok.
) Table 1.:
(1. viltozat) Samples and analyses

B 2677 BOT 7/b Bazaltos lapilli-tufa + +

(2. valtozat)
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2. abra: Makroszkdpos fotok: a) bazaltos lapillitufa (1. valtozat BOT 7); b) bazaltos lapillitufa; gradalt rétegzés
(1. valtozat BOT 7); c) bazaltos lapillitufa (2. valtozat BOT 7/b); d) bazaltos lapillitufa; gradalt rétegzés

(2. valtozat BOT 7/b).

Fig. 2: Macroscopic photos: a) basaltic lapilli tuff (type 1, sample BOT 7); b) basaltic lapilli tuff: graded (type 1,
sample BOT 7). ; ¢) basaltic lapilli tuff (type 2, sample BOT 7/b); d) basaltic lapilli tuff: graded (type 2, sample

BOT 7/b).

A petrogrdfiai (makroszkopos és
mikroszkopos) és az elektron-
mikroszondas vizsgalatok eredményei

Makroszkopos jellemzoik alapjan a lapillitufak két
csoportba sorolhatok.

[Megjegyzés: a leletek allapota nem tette lehetévé
az Osszes lelet Osszetevoinek pontos méret- és
arany-vizsgalatat,  ezért  azokat  becsléssel
allapitottuk meg. Az atlagos szemcseméret, illetve a
lapilli-tartalom egy-egy lelet anyagan belil is
valtozott, ezért cikkiinkben a leginkabb jellemzd
kézettipus megjelolését, azaz a lapilli-tufat
hasznaljuk].

1. valtozat (4 db):

Barna, sziirkésbarna, 1débb feliileten sziirke,
szemcsevazu piroklasztit. A feliileten néhol fehér,
karbonatos bevonat alakult ki (2a abra). A
szemcseméret valtozo: a durvabb szemcsés részen
az atlagos szemcseméret 1-1,5 mm, de 4 mm-es

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

szemcsék is el6fordulnak, a finomabb szemcsés
részen a szemcsék mérete 0,5-1 mm. (2b dbra) A
szemcseméret valtozasa folyamatos, nincs éles
réteghatar a durvabb és a finomabb szemcsés rész
kozott, azaz gradacio figyelheté meg. A szemcsék
szogletesek, vagy nagyon gyengén kerekitettek,
sziniikk valtozatos (fekete, sziirke, vOrosbarna,
zbldessziirke vagy fehér).

2. valtozat (7 db):

Barnas-sziirkés szinili, szemcsevaza piroklasztit, a
matrix ~mennyisége nagyobb, mint az 1.
valtozatban. A feliileten néhol fehér, karbonatos
bevonat alakult ki. A koézet az 1. valtozathoz
hasonldéan gradalt, de a szemcseméret durvabb,
mint az 1. valtozatnal (2c dbra): a durvabb
szemcsés részen az atlagos szemcseméret 2-3 mm,
de 12 mm-es szemcsék is el6fordulnak, a finomabb
szemcsés részen a szemcsék mérete 0,5-3 mm. A
szemcseméret valtozasa folyamatos, nincs éles
réteghatar a durvabb és a finomabb szemcsés rész
kozott. A szemcsék altalaban szogletesek, a kisebb
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szemcsék kozott nagyon gyengén kerekitettek is
el6fordulnak, sziniikk wvaltozatos (barna, sziirke,
zbldessziirke). A nagyobb, lapilli-méretli szemcsék
némelyike mallott. Ude (vagott) feliileten a
nagyobb, tobb mm-es lapillik némelyikének belsd
szerkezete is lathato: sotét alapanyagban legfeljebb
0,5 mm-es, szogletes, fehér vagy sotétsziirke
»porfirok™ lathatoak (2d abra).

Mikroszkopos jellemzok:
1. valtozat:

A kozet bazaltos lapillitufa: oligomikt, kdzepesen
osztalyozott, szemcsevazu.

Uralkod6 mennyiségben kézettormeléket tartalmaz,
amely kozepes vagy durva szemcseméretii (a
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szemcsék mérete néhany szaz pm-es, mm-es),
altalaban kerekitetlen, ritkan kerekitett szemcsék
formajaban van jelen (ami kis mértékid, akar
helyben  tortént athalmozasra  utalhat). A
kozettormelék uralkodéan blokkos megjelenésii,
valtozatos szdvetli, gyakran mandulakoves bazalt-
tormelék:  sotétsziirke, fekete  kozetiivegben
gombolyli karbonatos szemcsék (mandulakovek),
illetve olivin utani karbonat-pszeudomorfézak
figyelheték meg (3a-b abra). Gyakoriak a szinte
teljesen iiveges, holyagiireges (mandulakdves)
szilankok: s6tét szindi tachilit és alarendelt
mennyiségben vilagos szinli szideromelan is. A
kozetiiveg a tormelék-szemcsék szegélyén gyakran
atalakult (palagonitosodott) (3a-b abra).

L0 mm

L0 mm

3. abra: a-b) Petrografiai-mikroszkopos foto (a: 1N, b: +N): szoveti kép: kvarc (Q), szideromelan (Sm) és
tachylit (T) kézetliveg-szilankok patitos karbonatos matrixban (1. valtozat, BOT 7); c¢-d) Petrografiai-
mikroszkopos foto (c: 1N, d: +N): szoveti kép: tachylit kdzetiiveg-szilankok patitos karbonatos matrixban.
Olivin utani kalcit pszeudomorfoza (C) palagonitosodott szegélyti tachylitben. (2. valtozat, BOT 7/b).

Fig. 3: a-b) Photomicrograph (a: IN, b: +N): rock texture: quartz (Q), sideromelane (Sm) and tachylite (T) rock
glass sherds in sparitic carbonate matrix (type 1, sample BOT 7); c-d) Photomicrograph (c: 1N, d: +N): rock
texture: tachylite rock glass sherds in sparitic carbonate matrix. Calcite pseudomorph (C) after olivine in a

palagonite rimmed tachylite (type 2, sample BOT 7/b).
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4. abra: a) SEM-fotd: szoveti kép: bazaltos kozetdarabkak, kvarc- és kalifoldpat-szemcsék karbonatos
matrixban (1. valtozat, BOT 7); b) SEM-foto: klinopiroxénbdl és plagioklaszbol all6 kristalyos bazalt
kézetdarabka (1. valtozat, BOT 7); ¢c) SEM-fotd: iiveges bazalt kézetdarabka kiilonboz6 kitdltést
holyagiiregekkel (1. valtozat, BOT 7) ; d) SEM-fot6: a c)-n lathato iiveges bazalt kézetdarabka nagyitott képe:
klinopiroxén- €s plagioklasz mikrolitok a kézetiivegben (1. valtozat, BOT 7); ) SEM-fotd: metaiiledék
kézetdarabka (1. valtozat, BOT 7); f) SEM-foto: karbonatosodott olivinszemcse idiomorf spinell-zarvannyal. A
szemcsében még van iide olivinfoszlany (1. valtozat, BOT 7). A szamok mérési pontokat jeldlnek; g) SEM-foto:
iiveges kézetdarabka klinopiroxén- és plagioklasz-mikrolitokkal, kalcitos kitoltésti holyagiiregekkel (2. valtozat,
BOT 7/b). A szamok mérési pontokat jeldlnek; h) SEM-foto: klinopiroxénbdl és plagioklaszbol allo kristalyos,
holyagiireges bazalt kzetdarabka (2. valtozat, BOT 7/b).

Fig.4: a) SEM-photomicrograph: rock texture: basaltic rock fragments, quartz- and alkali-feldspar grains in
sparitic carbonate matrix (type 1, sample BOT 7); b) SEM-photomicrograph: crystalline basaltic rock fragment
made from klinopyroxene and plagioclase (type 1, sample BOT 7); ¢) SEM-photomicrograph: glassy basaltic
rock fragment with amygdales with different filling (type 1, sample BOT 7); d) SEM-photomicrograph: the
glassy basaltic rock fragment (see on picture Fig. 4.c): klinopyroxene and plagioclase microliths in the rock glass
( (type 1, sample BOT 7); ¢) SEM-photomicrograph: metasediment rock fragment (type 1, sample BOT 7); f)
SEM-photomicrograph: olivine grain turned to carbonate, with an idiomorph spinel inclusion. In the grain there
is a relict part of the original olivine (type 1, sample BOT 7). The numbers are measuring points; g) SEM-
photomicrograph: glassy basaltic rock fragment with klinopyroxene and plagioclase microliths and amygdales
filled with calcite (type 2, sample BOT 7/b). The numbers are measuring points; h) SEM-photomicrograph:
crystalline basaltic rock fragment made from klinopyroxene and plagioclase with amygdales (type 2, sample
BOT 7/b).

A bazalttormelék mellett alarendelt mennyiségben a Kéregzarvany (nagyméretii kvarcit sok opak
vulkani fazisok el6tt képzodott kozetek feltépett szemcsével) is talalhato a kdzetben.

tormelékei is megtalalhatok a kézetben: kisfoki
metaszediment  (agyagk6?)-szemcsék, savanyl
vulkanittormelékek  (vilagos  szini  liveges
alapanyagszemcsék, szegélyiikkon voros limonitos-
hematitos elszinez6déssel), valamint szogletes, A makroszkoposan lathatd gradacio a csiszolatban
valtozo szemcseméretii (altaldban néhany szdz pm- is megfigyelhetd.

es) kvarcszemcsék ¢és nagyméretl (mm-es),
atalakult, idiomorf-hipidiomorf, tablas-léces

A kotbanyag patitos karbonat, helyenként
limonitos-hematitos, valdsziniileg késébbi
cementacio terméke.

2. valtozat:

megjelenésti kalifoldpatszemcsék is megjelennek a A koézet bazaltos lapillitufa: osztalyozatlan, a
kézetben (4a dbra). El6fordulnak iranyitott, szemcsék  altalaban  kerekitetlenek (a  kdzet
folyasos  szoveti — metaiiledék-kézettormelék- megjelenése breccsas jellegil), szemcsevazi, bar
szemcsék is (4e abra). helyenként a matrix keril talsulyba.
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2. tablazat: elektron-mikroszondas (EPMA) eredmények: régészeti leletek (1. valtozat), klinopiroxének
Table 2. Results of EPMA: archaeological finds (type 1), clinopyroxenes.
bazaltos lapilli-tufa — 1. valtozat
klinopiroxén klinopiroxén klinopiroxén
(kristalyos (porfiros, kristalyos kézettormelék (iiveges
kozettormelékben) alapanyagiban) kozettormelékben)

SiO, 41,72 42,82 43,96 = 48,39 49,09 46,16 @ 46,47 @ 48,30 @ 42,68 41,47 42,64 @ 46,57
TiO, 425 3,57 327 2,19 1,53 2,55 1,86 | 220 | 4,15 4,63 3,53 2,26
ALO; 10,05 10,14 8,12 5,41 4,39 7,55 5,90 5,39 11,01 9,94 10,19 6,21
Cr,0; 0,00 0,03 0,00 0,05 0,32 0,02 0,16 0,26 0,25 0,19 0,35 0,00
FeO 9,44 8,12 9,51 7,37 6,41 7,18 7,85 7,22 8,35 7,89 7,45 7,74
MnO 0,36 0,26 0,28 0,19 0,28 0,10 0,25 0,05 0,17 0,10 0,05 0,06
MgO 10,55 | 10,96 11,57 14,55 1491 12,90 14,77 13,78 11,59 1123 11,37 14,05
CaO 22,26 22,56 21,58 21,77 22,43 22,53 21,71 22,13 22,27 22,58 22,21 22,06
Na,O 0,53 0,59 0,76 0,37 0,30 0,77 0,51 0,34 0,56 0,46 0,58 0,39
summa 99,16 = 99,05 = 99,05 100,29 99,66 = 99,76 = 99,48 @ 99,67 101,03 98,49 9837 = 99,34
Si 1,606 | 1,636 1,686 1,799 1,832 1,734 1,755 1,807 1,599 1,598 1,634 1,758
AL(IV) 0394 = 0364 0314 0201 0,168 0266 0245 0,193 0401 0,402 0,366 0,242
Al (VD) 0,062 = 0,093 0,053 0,036 0,026 0,069 0,018 | 0,045 @ 0,085 0,049 0,094 @ 0,034
Ti 0,123 0,103 0,094 = 0,061 0,043 0,072 = 0,053 0,062 0,117 0,134 0,102 0,064
Cr 0,000 = 0,001 0,000 = 0,001 0,009 | 0,001 0,005 0,008 = 0,007 0,006 @ 0,011 0,000
Fe 0,303 | 0259 0304 0229 0200 0,225 0,247 0,225 0,261 0,254 0,238 0,244
Mn 0,012 = 0,008 = 0,009 0,006 0,009 = 0,003 0,008 | 0,002 0,005 0,003 0,002 = 0,002
Mg 0,605 = 0,624 0,661 0,806 0,829 0,722 0,831 0,768 = 0,647 = 0,645 0,649 = 0,790
Ca 0,918 = 0,923 0,887 = 0,867 = 0,897 = 0,907 0,878 0,887 0,894 = 0932 0912 0,892
Na 0,040 0,044 0,056 0,027 0,022 0,056 0,037 = 0,025 @ 0,041 0,034 = 0,043 0,029
Al (tot) 0,456 = 0457 | 0367 0237 0,193 0,334 0,263 0,238 048 0451 0460 0,276
Mg-érték 0,666 =~ 0,707 = 0,685 0,779 = 0,806 = 0,762 = 0,771 0,773 | 0,713 0,717 = 0,732 | 0,764
A/ AIY 016 026 017 018 015 026 007 023 021 012 026 0,14
Uralkodé6 mennyiségben a valtozat is pszeudomorfozak lathatoak (3c-d abra).
kézettormeléket tartalmaz, amely altalaban durva El6fordulnak olivin 4talakulasabol keletkezett
szemcsés (mm-es  szemcseméretil), blokkos mélyvords, teljes egészében iddingzitesedett
megjelenési,  mandulakdves  bazalt  (sotét szemcsék is. Gyakoriak a szinte teljesen liveges,
(sotétsziirke, fekete) kozetlivegben karbonatos holyagiireges (mandulakdves) szilankok: sotét szinii

mandulakévekkel, 3c-d abra). A bazalt-tormelék
egyes szemcséiben opakasvany dusulas figyelhetd
meg, egy-egy szemcsében olivin utani kalcit

tachilit és alarendelt mennyiségben vilagos szinii
szideromelan is.
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3. tablazat: elektron-mikroszondas (EPMA) eredmények: régészeti leletek (2. valtozat), klinopiroxének

Table 3.: Results of EPMA: archaeological finds (type 2), clinopyroxenes.

bazaltos lapilli-tufa — 2. valtozat

klinopiroxén

(kristalyos kézettormelékben; *: mikrofenokristaly)

klinopiroxén

121

(iiveges kozettormelékben)

SiO, 49,16 | 43,89 44,96 43,09 4399 4594 42,19 42,04 42,12 47,11 47,82 4587 42,95 41,84
* *
TiO, 1,62 335 330 3,57 399 | 263 | 409 478 432 226 221 | 283 371 | 418
ALO; 464 859 9,19 | 9,06 967 | 7,80 | 10,19 1094 992 600 @ 555 | 694 | 10,61 10,76
Cr,0; 055 050 050 023 035 062 035 010 016 017 031 | 034 | 028 | 0,17
FeO 6,62 690 734 778 817 | 581 7,62 7,79 7183 | 676 666 702 | 748 | 869
MnO 000 007 022 030 0,13 | 030 025 021 007 025 000 011 039 | 0,14
MgO 14,88 12,44 12,00 12,07 11,97 13,13 | 11,13 1091 11,97 1428 14,02 13,75 10,74 | 10,5
Cao 2220 22,71 22,52 22,19 | 2231 | 22,35 2247 22,62 22,49 2238 22,60 2229 | 22,68 @ 223
Na,O 040 044 079 041 079 061 049 0,72 024 048 032 049 | 033 | 048
summa 100,0 = 98,89  100,8 98,70 101,3 99,19 | 98,78 100,1 = 99,12 99,69 = 99,49 = 99,64 = 99,17 | 99,06
Si 1,827 | 1,670 1,678 1,650 1,640 1,728 | 1,616 = 1,591 1,607 1,767 1,792 1,726 1,634 1,604
AL (IV) 0,173 | 0330 0,322 0,350 0360 0272 0384 0,409 0393 0233 0208 0,274 0,366 0396
Al (VD) 0,030 0,055 0,082 0,058 0,065 0,073 0,076 0,078 0,054 0,032 0037 0034 0,109 | 0,09
Ti 0,045 | 0,096 0,093 0,103 0,112 0,074 0,118 0,136 0,124 0,064 0,062 0,080 | 0,106 0,12
Cr 0,016 = 0,015 0,015 0,007 0,010 0,018 0,011 0,003 0,005 0,005 0,009 0,010 | 0,008 0,005
Fe 0205 0219 0229 0249 0254 0,182 0,244 0246 0249 0212 0208 0220 | 0237 0,278
Mn 0,000 = 0,002 0,007 0,010 0,004 0,010 0,008 0,007 0,002 0,008 0,000 0,004 0,013 0,005
Mg 0,824 0,705 0,667 0,688 0,665 0,736 0,635 0,615 0681 0,798 0,783 0,771 | 0,609 0,599
Ca 0,884 0,926 0900 0910 0,891 0,900 0,922 0917 0920 00899 00907 0,899 | 0,924 0,916
Na 0,029 | 0,032 0,057 0,030 0,057 0,044 0,036 0,053 0018 0035 0023 0,036 0,024 0,036
Al (tot) 0,203 0385 0404 0409 0425 0,346 0,460 0488 0446 0265 0245 07308 | 0476 0,486
Mg-érték 0,801 0,763 0,744 0,734 0,724 0,802 0,722 0,714 0,732 0,790 0,790 0,778 | 0,720 0,683
AM/AIY 017 017 025 0,17 018 | 027 020 | 0,19 0,14 014 018 0,12 030 | 023
A Kkozetiiveg a tormelékszemcsék szegélyén A kotéanyag patitos karbonat, a kozetet teljesen

gyakran atalakult (palagonitosodott) (3¢-d abra). A
szemcséket uralkodéan vulkani eredetli tormelék
alkotja, kevésbé oligomikt, mint az 1. valtozat, csak
nagyon kevés kisfokt metamorfit jelenik meg.

Kéregzarvany (tobb mm-es kvarcit sok opak
szemcsével) is talalhat6 a kdzetben.
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atitatja, valoszinileg kés6bbi cementacio terméke.

Elektron-mikroszondas vizsgalatok eredményei:

A Dbazaltos kozettormelékek kristalyossagi fokuk
alapjan két csoportba sorolhatok, mindkét csoport
megtalalhaté mindkét valtozatban.
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Az  els6  csoportba  teljesen  kristalyos,
intergranularis vagy porfiros intergranularis szovetii
kézettormelékek tartoznak, amelyek f6 alkotoi
titAnaugit  Osszetételiit  klinopiroxének  (TiO,-
tartalom:  3,27-4,78%, Al,Os-tartalom: 8,12-
10,94%, 2-3. tablazat) és Ang,-Oszetétell
plagioklaszok, illetve az alapanyagukban szintén
titAnaugitos, = de  valtozatosabb  Osszetétell
klinopiroxének (TiO,-tartalom: 1,53-4,15%, Al,O;-
tartalom: 4,39-11,01%, 2-3. tablazat) és Ang,.go-
Osszetételli plaigoklaszok (4b,h abra). Nagyon
ritkdin  60-80 um-es  nagysagl, idiomorf
klinopiroxén (titinaugit) mikrofenokristalyok is
el6fordulnak (TiO,-tartalom: 2,63-3,99%, Al,O;-
tartalom: 7,80-9,67%, 2-3. tablazat, 4h abra). Az
egykori alkali bazalt olivin feno- és xenokristalyai
karbonatosodtak, helyiiket 5-7%-os vastartalma
kalcit toltotte ki. A kalcitos szemcsék eredetét nem
csak a bazaltos tormelékekben vald megjelenésiik
¢és alakjuk bizonyitja, néhany szemcsében ugyanis
még eléfordulnak nagyon kis méretii, iide (Fog;-
Osszetételil) olivin-reliktumok ¢és az olivin-
kristalyokra  jellemzé  idiomorf krom-spinell
zarvanyok is (28-30% Cr,O;-tartalommal, 0,9%
TiO,-tartalommal)  (4f abra). Néhany kdzet-
darabkaban titanomagnetit-kristalyok is talalhatok
(TiO,-tartalom: 16,36-17,36%, FeO-tartalom: 62-
91-66,70%).

A masodik csoportba szinte teljesen iiveges
tormelékszemcsék  (tachilitek, szideromelanok)
tartoznak, = amelyekben  karbonatos  (illetve
azonositatlan szilikatos) kitoltésti holyagiiregek,
valamint igen apré6 (10-50 pm-es), idiomorf
klinopiroxén- és plagioklasz-kristalyok vannak
(4c-d, g abra). A koézetiiveg Osszetétele alkali-
bazaltokra jellemzé (4. tablazat). A klinopiroxén
ebben a tipusban is titanaugit (2,21-4,63% TiO,-
tartalommal és 5,55-10,76% Al,Os-tartalommal,
2-3. tablazat), a plagioklaszok Ang;.7-0sszeté-
teliek. Az iivegben ritkan bontott szegélyl albit-
szemcesék is megjelennek (An, ;Abgs 701, 5).

A Kkétféle bazaltos kozettdrmelékben el6fordulo
klinopiroxének és plagioklaszok Osszetétele nagyon
hasonld, alkali-bazaltokra jellemzd tipusu, az
iveges tormelékek kozetiivegének Osszetétele is a
differencialt (alacsonyabb magnézium-tartalmu)
alkali-bazaltokra jellemz6 (7. abra).

Az 1. valtozatban nagyobb szamban megjelend (a
2. valtozatbol szinte teljesen hianyzo6) metaiiledékek
kvarcot, kalifoldpatot (Ang,AbygoOrs99) €s ezek
bomlastermékeit tartalmazzak (4e abra).

A matrix vastartalmu  kalcit (5-7%  FeO-
tartalommal), amely lényegében megegyezik az
olivin utani alalakokat alkot6 kalcit vastartalmaval,
bar a vas eloszlasa nem egyenletes, aprobb
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foltokban magasabb, illetve alacsonyabb a kalcit
vastartalma.

Lehetséges forrasteriiletek

A szerszamkdvek (pl. o6rlékdvek) készitéséhez
alkalmas  nyersanyagnak  csak  alacsonyabb
mindségi kovetelményeknek kell megfelelnie, mint
egy csiszolt kdeszkoz (kébalta) nyersanyaganak.
Eppen ezért nem valdszinii, hogy ez a nyersanyag
tavoli forrasteriiletrdl szarmazna. A régészeti
lel6helyrél  elékeriilt bazalt anyagi kobaltak
vizsgalataval (Péterdi et al. 2011) ellentétben ezért
a Karpat-medence neogén bazaltos vulkani tertiletei
koziil részletesen nem vizsgaltuk az aldbbiakat:
Grazi-medence (Ausztria), Burgenland (Ausztria),

Nograd — Medves-fennsik, Kozép-Szlovakia
(Selmecbanyai-hegység) (Szlovakia), Persanyi-
hegység, (Romania), Banat (Romania);

mindazonaltal a késébbiekben utalunk egy-egy
teriilet jellemz6 tulajdonsagara, amely alapjan - a
foldrajzi tavolsag mellett - kizarhatd a lehetséges
nyersanyagforrasok koziil.

A Balaton-felvidéki és kisalfoldi bazaltvulkanok
nagy része nem csak lavakdzeteket, hanem
piroklasztitokat is produkalt, gyakran nagyobb
mennyiségben, mint lavakdzeteket. Ulrike Martin
¢s Németh Karoly 6sszefoglalé munkéja (Martin &
Németh 2004) alapjan sorra vettik az egyes
lel6helyeket. Terjedelmi okokbdl jelen dolgozatban
csak a potencialis nyersanyagforrasként szoba
johetd lelohelyeket mutatjuk be részletesebben.

Asvanykémiai elemzési eredmények
értelmezése — osszehasonlitas a lehetséges
Sforrasteriiletekkel

Klinopiroxén a bazaltos kézettormelékekben

A régészeti leletek anyagaban megjelend bazaltos
kézettormelékekben talalhatd klinopiroxének titan-
aluminium-aranyai  jol illeszkednek az 1:4
egyenesre (a kristalyos és az iiveges tipusban
egyarant) (5.abra). Ez az arany jellemz6 a
lelohelyrél eldkeriilt bazalt anyagi kobaltak
nyersanyagaban el6forduld klinopiroxénekre is
(Péterdi et al. 2011), valamint a Balaton-felvidéki
bazaltokban = megjelend titanaugit-kristalyokra
(Dobosi 1989, Kothay 2009). [Megjegyezziik, hogy
a rendelkezésre allo irodalmi adatok alapjan
ugyanilyen arany jellemz6 a Grazi-medence
bazaltjainak alapanyagaban és
mikrofenokristalyként megjelend klinopiroxénekre
is (Dobosi et al. 1991). A nodgradi bazaltok
titanaugitjai kozott az 1:4-aranynal kisebb értékek
is nagy szamban megfigyelheték (egészen 1:8-
aranyig) (Dobosi 1989), a Palhegy bazaltjaiban
pedig magasabb (1:3, 1:2) arany jellemz6 (Dobosi
etal. 1991).]
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5. abra: Asvanykémia.
Klinopiroxének Ti-
tartalma az Al-tartalom
fliggvényében (régészeti
leletek). (Jelolések: cr:
kristalyos kézetdarabka,
glassy: iveges
kézetdarabka.)

Fig. 5: Mineral-chemistry.
Ti-content as a function of
Al(total)-content of
clinopyroxenes
(archaeological finds).
(Notations: cr: crystalline
rock fragment, glassy:
glassy rock fragment.)

6. abra: Asvanykémia.
Klinopiroxének Ti-
tartalma magnézium-szam
fliggvényében. (régészeti
leletek). (Jelolések: cr:
kristalyos kézetdarabka,
glassy: iiveges
kézetdarabka.)

Fig. 6: Mineral-chemistry.
Ti-content as a function of
the mg-number (mg ) of
clinopyroxenes
(archaeological finds).
(Notations: cr: crystalline
rock fragment, glassy:
glassy rock fragment.)

7. abra: Bazaltos
lapillitufakban és tufakban
megjelend kozetiiveg-
szilankok Osszetétele. TAS
(Total Alkali-Silica)-
diagram (régészeti leletek;
geologiai leléhelyek a
Balaton-felvidéken
(Németh et al. 2003;
Martin & Németh 2004)).

Fig. 7: Chemistry of the
glass sherds in basaltic
lapilli tuffs and tuffs. TAS
(Total Alkali-Silica)-
diagram [archaeological
finds; geological sites on
the Balaton-Highland
(Németh et al. 2003;
Martin & Németh 2004)]
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4. tablazat: elektron-mikroszondas (EPMA) eredmények: régészeti leletek, kdzetiiveg (liveges kdzettdrmelék)

Table 4.: Results of EPMA: archaeological finds, rock glass (glassy rock fragments)

bazaltos lapilli-tufa — 1. valtozat

SiO, 4715 4548 4578 4584
TiO, 2,67 2,55 2,77 2,78
AlLO, 17,61 17,7 16,79 16,83
FeO 9,43 8,74 10,75 10,7
MnO 0,17 0,03 0,14 0,26
MgO 4,63 4,68 4,09 3,86
CaO 11,1 11,26 9,73 9,77
Na,O 4,98 442 4,58 4,61
KO 2,51 2,41 2,92 3,04
summa 10025 9727 | 97,55 97,69

bazaltos lapilli-tufa — 2. valtozat

4589 4636 445 46,9 4579 46,79
2,82 2,35 2,39 2,61 2,58 2,69
17,07 18,03 17,52 18,48 16,92 17,65
9,7 10,01 9,83 10,44 10,37 10,56
0,44 0,09 0,21 0,29 0,22 0,21
431 439 423 3,68 3,74 3,63
9,95 10,77 10,82 9,62 9,15 8,97
4,84 3,83 4,1 3,81 2,94 3,58
2,85 2,78 2,83 3,07 3,03 3,27
9787 98,61 96,43 98,9 94,74 9735

A régészeti leletek klinopiroxénjeinek magnézium-
szama (0,67-0,81) is a Pannon-medence fiatal
bazaltjaira  jellemzé tartomanyba  (0,69-0,86,
Dobosi  1989) esik, ¢és ezekhez ugyancsak
hasonloan a titan-, illetve aluminium-tartalom
novekedésével a magnéziumszam csdkken (Dobosi
1989; Dobosi et al. 1991, Kothay 2009) (6. abra).
A lel6helyrdl elokeriilt bazalt anyagli kdbaltdk
nyersanyagaban el6forduld klinopiroxének
magnézium-szama is gyakorlatilag ugyanebbe a
tartomanyba esik (0,71-0,84, Péterdi et al. 2011).

Az AlYWAI-arany a  vizsgilt  mintak
klinopiroxénjeiben 0,07-0,30 kozott valtozik, az
atlagérték 0,19. Ezek az értékek egybeesnek a
Balaton-felvidéki bazaltok piroxénjeire jellemzd
AIV/ATY értékekkel (arany: 0,04-0,57 kozott, atlag:
0,29, Dobosi 1989), valamint a leldhelyrol elokeriilt
bazalt anyagu kobaltak nyersanyagaban eléforduld
klinopiroxénekre jellemzd értékekkel (arany: 0,06-
0,40 kozott, atlag: 0,20, Péterdi et al. 2011).
[Megjegyezziik, hogy a rendelkezésre all6 irodalmi
adatok alapjan a nogradi bazaltokra jellemzd
AIY/AIY értékek magasabbak (arany: 0,40-1,02
kozott, atlag: 0,60, Dobosi 1989), a Grazi-medence
és Palhegy (Burgenland) bazaltjaira azonban a
Balaton-felvidékihez hasonlo, alacsony értékek a
jellemzoek, kivéve Stradner Kogel leldhelyet, ahol
a nogradi bazaltoknal is magasabb értékek
jellemzoek (Dobosi et al. 1991).]

Kézetiiveg a bazaltban

A régészeti leletekben megjelend bazaltos
kézetiiveg darabok (tachilitek) Osszetétele a TAS
(total-alkali-silica) — diagramon a tefrit-bazanit,
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illetve a trachibazalt tartomanyba esik (7. abra). A
Balaton-felvidéki bazaltos piroklasztitokban
eléforduld kézetiivegszilankok Osszetétele szintén
lefedi ezt a tartomanyt, de a fonotefrit, bazaltos
trachiandezit mezdébe is nagymértékben atnyulik
(7. abra, Németh et al. 2003; Martin & Németh
2004). A koézetiiveg szilankok osszetétele egy-egy
lel6helyen beliil is nagy valtozatossagot mutat (lasd
pl. a szentbékkalai vagy tihanyi kozetiiveg-
Osszetételeket, 7. abra). A teriilet piroklasztitjai
kozott a  legdifferencidltabb  kdzetiivegek
tefrifonolitos Osszetételiick (Martin & Németh
2004).

Kizart nyersanyagforrasok

A régészeti leletek nyersanyaganak forrasteriiletei
kozil a kozetiivegszilankok kémiai 0Osszetétele
alapjan kizarhato: a Horog-hegy és a Fekete-hegy.
(Martin & Németh 2004)

A felszakitott  kézettdrmelékben  megjelend
mezozods karbonatos kdzetek miatt kizarhato: a
Horog-hegy, a Kis-Hegyestii, Hegyesd, a Bondoro-
hegy, Szentbékkala és a Harasztos-hegy.

Akkrécios lapilli-tartalom miatt kizarhato: a
Bondoro6-hegy, a pulai 3. facies, a Kissomlyo 1.
egysége €s a Sag-hegy. (Martin & Németh 2004)

A felszakitott kdzettormelékben megjelend nagy
mennyiségli permi vorés homokkd miatt kizarhato:
a tihanyi freatomagmas egységek nagy része (PH 1-
3). (Martin & Németh 2004)
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Amfiboltartalom alapjan kizarhato: Balatonboglar
(Martin & Németh 2004); valamint Fonyod (Vitalis
1904).

Lherzolit- és amfibolit-zarvanyok alapjan kizarhato:
a szigligeti 1. egység. (Martin & Németh 2004)

A matrix nagy aranya miatt (matrixvaza tufak,
lapillitufak) kizarhato: Szentbékkala, a szigligeti 1.
egység, Szentgyorgy-hegy, az uzsai 1. egység, Sag-
hegy, Egyhazaskesz6, a Gérce-Sitke kozotti
dombok és a Somld. (Martin & Németh 2004)

A matrix nagy muszkovittartalma miatt kizarhato: a
zankai Var-hegy, a Horog-hegy, a Kissomlyo 2.
egységének finomszemcsés rétegei, Egyhazaskeszo,
Hercseghegy és a Somlo. (Martin & Németh 2004)

A tachilitekben csapdazodott iszaptormelék illetve
vulkani hamu alapjan: a Véndek-hegy és a Harmas-
hegy. (Martin & Németh 2004)

A lapillik kozepes vagy jo kerekitettsége,
koptatottsaga alapjan kizarhato: a tihanyi 1. és 2.
maart kitoltd egységek (ML 1-2), valamint a
Kissomly6 2. egységének durvaszemcsés rétegei.
(Martin & Németh 2004)

A leirasok alapjan a kozetiiveg szilankok kozott a
vilagos  szinli  szideromeldn  iivegszilankok
tulstlyaval jellemezhetd piroklasztitok, amelyekben
tachilit nem, vagy csak alarendelt mennyiségben
talalhato a kovetkezék: a Halap, a Badacsony, a
szigligeti 2. egység, az uzsai 1. egység, a Tatika, a
Sag-hegy és Gérce-Sitke. (Martin & Németh 2004)

Kizarhatd még a pulai 1. facies a vulkani liveg
szilankok aldrendelt mennyisége miatt €s a pulai 4.
facies a nagy mennyiségli kristalytormelék (olivin,
piroxén) miatt. (Martin & Németh 2004)

[Megjegyezziik, hogy a rendelkezésre allo irodalmi
adatok alapjan az alabbi - a régészeti lelohelytdl
nagyobb tavolsagban fekvo - geologiai leléhelyek is
biztonsaggal kizarhatok:

Grad (Szlovénia) - akkrécios lapilli-tartalom miatt;
a Tobajhoz kozeli Kalvaria-hegy (Bindergberg,
Ausztria) - amfiboltartalom alapjan; Harspatak
(Limbach, Ausztria) - mivel a kézetiiveg-szilankok
kozott  tachylit nem, vagy csak alarendelt
mennyiségben talalhat6. (Martin & Németh 2004)]

Nyersanyagforrasként szoba joheto (és ki nem
zarhato) lelohelyek

A régészeti leletek anyagara hasonlit a
Hajagos/Diszel, a Csobanc, a Kereki-hegy, a
szigligeti 3. egység, az uzsai 2. egység, a Bazsi és
Tatika kozott felszinre bukkano piroklasztitok (lasd
alabb).

A nyersanyagforrasként szoba johetd lelohelyek:

- Hajagos/Diszel: durvaszemcsés, gradalt lapillitufa
és finomszemcsés tufa rétegcsoportok valtakoznak.
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A bazisos, kissé mikrohdlyagiireges, foként tachilit
kozetiiveg-szilankok ~ mérsékelten  kerekitettek,
szegélyiikk atalakult. A szogletes szideromelan
kézetiiveg-szilankok mennyisége alarendelt, a
benniik megjelend mikrolitok gyengén iranyitottan
helyezkednek el. Ujra feltépett, athalmozott
lapillitufa klasztok (egy korabban konszolidalodott
lapillitufa  tormelékei) is el6fordulnak. A
durvaszemcsés  lapillitufakat  késébb  attord
lavakdézetek kontaktusan kialakult peperitekben
nagyon vékony (kevesebb, mint 1 mm-es) hilési
szegélyli, legfeljebb néhany cm-es méretl
bazanittormelék talalhato. (Martin & Németh 2004)

- Csobanc: rosszul rétegzett, gyengén osztalyozott,
gyakran szemcsevaza lapillitufa és lapilliké. Nagy
mennyiségli juvenilis elegyrészt tartalmaz, gazdag
er6sen palagonitosodott vulkani iivegszilankokban.
Az eredeti matrix valdsziniileg kimosodott, a helyét
kalcit foglalta el. A matrixban aleurit- ¢és
homokszemcsék is vannak, az iszapdarabok kozott
néhany lapilliméreti is el6fordul. (Martin &
Németh 2004) A gyenge osztalyozottsdg ¢&s
rétegzettség miatt ez a leldhely csak a régészeti
leletek 2. valtozatanak nyersanyagforrasaként
keriilhet szoba.

- Kereki-hegy:  jol  rétegzett  piroklasztitok,
gazdagok megnyult, vagy blokkos, mérsékelten
mikroholyagiireges, tefrites Osszetételi vulkani
ivegszilankokban. A felszakitott kd&zetdarabok
kozott neogén sziliciklasztos iiledékek tormelékei
fordulnak el6. (Martin & Németh 2004) A régészeti
leletekben taldlhaté iivegszilankok kozott foként
blokkos, nem megnyult alaktiak talalhatok, de
emiatt a leldhely nem zarhat6 ki biztonsaggal a
potencialis nyersanyagforrasok koziil.

- Szigliget, 3. egység: finomtol durvaszemcsésig
valtozd szemcseméretli, rétegzett, felszakitott
kézettormelékben gazdag, iiveges lapillitufa és
tufapadok. Mélységi kézet-zarvanyok ritkak. A
kozet foként felszakitott kozettormelékekbdl all,
ezek a sekély prevulkani sorozatbdl (neogén
sziliciklasztos kozetekbdl) eredeztetheték. Az
osztalyozatlan ~ matrix  diszperz  eloszlasban
kvarcszemcséket tartalmaz. Akkrécids lapillik
nincsenek, de kvarcszemcsékb6l allo csomok
gyakoriak. El6fordulnak nagyméretii, megsiilt
szegélylli neogén iiledékdarabok is. Az egység
legfels6 részén juvenilis elegyrészekben gazdag
piroklasztitok talalhatok. A szemcsevazl, gyakran
kalcittal cementalt, inverz gradalt lapillikovek
lencséket formalnak. Masutt lencsékben normal
gradacio is megfigyelhetd. Ez utdbbiakban
koptatott lapillikddarabok talalhatok, amelyekbdl
gyakran hianyzik a hamu-szemcseméretii matrix, és
karakteresen inverz gradaltak. (Martin & Németh
2004)

A vulkani iveg-szilankok szogletesek, a nem
holyagiireges valtozatoktol az erdsen
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hélyagiiregesekig valtozatos mértékben
holyagiiregesek, Osszetételiik tefrites, fonotefrites.
(Martin & Németh 2004) A régészeti leletek
lehetséges nyersforrasai az egység legfelsd részén
megjelend, juvenilis elegyrészekben gazdag
kozetek.

- Uzsa, 2. egység: vords, gyengén rétegzett, salakos
lapillitufa és tufabreccsa, nagyszamu, fluidalis
szovetll, valtozatos mértékben holyagilireges lava-
tormelékkel. Ez az egység nagy 1éptékben gradaciot
mutat. (Martin & Németh 2004)

-Bazsi és Tatika kozott: kis vulkanoklasztos
egységek, amelyekben a vulkanogén klasztok
szogletes, nem, vagy csak  mérsékelten
holyagiireges, fekete, bazanitos dsszetételd, teljesen
kristalyos vagy tachilites szoveti tormelékek,
gyakran akar cm széles palagonitos szegéllyel,
finomszemcsés, homogenizalt aleuritos, homokos
matrixban. (Martin & Németh 2004)

Fontosnak tartjuk megjegyezni, hogy ezen
lelohelyek koziil a Hajagos/Diszel és Uzsa a
régészeti  leldhelyrél  eldkeriilt bazalt-anyaga
régészeti leletek (csiszolt kdeszkdzok) lehetséges
forrasteriileteként is felmeriilt (Péterdi et al. 2011).

A leirasok  részleges  volta  miatt a
nyersanyagforrasok  kozil ki nem  zarhatd
lel6helyek:

- Tihany, 4. freatomagmas egység (PH 4): a
kézettormelék aranya 80% koriil van, a feltépett
klasztok kozott sok a neogén sziliciklasztos
tormelék, a perm vords homokkd-tormelék aranya
10% alatt marad.

- Pula, 2. facies: vastagabb pados, durvaszemcsés
lapillitufa, nagyrészt inverz gradalt rétegekkel. A
kézetiivegszilankok Osszetétele tefrites,
fonotefrites, szogletes alaktiak, mérsékelten
holyagiiregesek és mikrolitszegények.

- Kab-hegy:  holyagiireges, salakos lapilliket
tartalmazo lapillitufak.

- Gulécs: kevés, rosszul feltart piroklasztit, ezek
vulkani tiivegszilankokat, iszapké ¢és aleurolit-
toredékeket tartalmazo lapillitufak.

- Gérce-Sitke: a tufagyiiriben eléfordulé matrixban
szegény, vulkani livegszilankokban gazdag, kalcit-
cementalt kdzetvaltozatok.

Koszonetnyilvanitas

Koszonetiinket fejezziik ki a Balatondszod-Temet6i
dilo leldhely feltarasat vezetd Horvath Tiindének, a
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leletanyag  rendelkezésre  bocsatasaért,  Sagi
Tamasnak az alapos és aprolékos lektoralasért,
valamint a vizsgalatok finanszirozasaban nyujtott
segitségért az OTKA K 62874 és K 100385 szdmu
kutatasi programjanak.
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ADISZITO KOVACSHEGESZTES (PATTERN-WELDING) SZEREPE
2-10. SZAZADI KARD- ES KESPENGEKBEN — KORHUEN
REKONSTRUALT VASANYAGOK MARATASI VIZSGALATA

THE ROLE OF PATTERN-WELDING IN 2-10TH CENTURY KNIFE AND SWORD
BLADES — ETCHING TESTS ON RECONSTRUCTED MATERIALS
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Abstract

Pattern-welding is a well-known technique that was widely employed in sword-manufacturing. The pattern-
welding technique derives from piled composites in which the deliberate piling of steel and wrought iron
together was employed. During the 2-10th century, the base material for typical pattern-welding was not steel,
as it is often supposed, but phosphoric iron; the combination of phosphoric iron and wrought iron or steel was
widely used. The surface pattern became visible after etching. In this paper we try to find the answer for the
question: In which material combination and etching technology did the most contrastive and visible pattern in
pattern-welded objects appear?

We smelted iron blooms of different base material (phosphoric iron, wrought iron and steel), from which pattern
welded specimens were forged. We carried out etching tests on metallographic samples cut out of the pattern
welded specimens using six different acids (which could be available in the 2-10th century) under two different
conditions concerning acid concentration, temperature and etching time. Macro images were taken of the etched
surface. The histograms of the images were analysed using Photoshop CS3. Based on the contrast difference
between the two layers and the homogeneity of the colour of each layer a preference list of the material
combination and etching technology could be made. The most visible pattern appeared after the etching of the
pattern welded sample made of the combination of phosphoric iron and tempered steel using 20% hydrochloric
acid for 10sec on 70°C.

Kivonat

A diszité kovacshegesztés (,pattern-welding”) technologiaja a réteges kompozit (,, piled composite”) készitésébol
fejlodott ki, amelynek soran felvaltva egymasra helyezett lagyvas és acél lapokat kovacshegesztéssel hoztak
anyagzaro kapcsolatba. A 2-10. szazad kozott diszito kovacshegesztéssel késziilt kard és késpengeéknél, a szebb
mintazat elérése érdekében, foszforvas és un. lagyvas, vagy acél kombindciojaval dolgoztak. A feliilet kikészitése
soran maratdssal tették szabad szemmel lathatova a rétegeket. Jelen cikkben valaszt keresiink a kérdésre: Vajon
milyen anyagparositdassal és milyen maratasi technoldgiaval volt elérheté a legmarkansabb, legkontrasztosabb
mintazat a diszité kovacshegesztés esetében?

Gyepvasérc kohositasaval vasbucakat allitottunk eld, amelyekbdl kiilonbozd anyagparositasok mellett diszité
kovacshegesztéssel probatesteket kovacsoltunk. A probatestekbol vett mintakbol készitett metallografiai
csiszolatokon maratasi kisérleteket végeztiink hat kiilonbozo, a 2-10. szazad kozétt elérheto, vagy esetleg
elerhetd savval, két kiilonbozo toménység, homérséklet és maratasi idé mellett. A maratott feliiletrol fényképeket
keszitettiink, amelyeket képfeldolgozo szoftverrel értékeltiink ki, igy a kiilonbozé rétegek kontrasztossaga és
egyazon reteg szinének homogenitasa alapjan, objektiv modon rangsoroltuk éket. A legmarkansabb mintdzatot a
Jfoszforvas és nemesitett acél kombindcidjan, 20%-os toménységii, 70°C-os hémérsékletii sosavval torténs 10
mdsodperces maratas mellett tapasztaltuk.

KEYWORDS: ARCHAEOMETALLURGY, 2-10TH CENTURY, PHOSPHORIC IRON, PATTER- WELDING, ETCHING, ACIDS
PATTERN

KULCSSZAVAK: ARCHAEOMETALLURGIA, 2-10. SZAZAD, FOSZFORVAS, DISZITO KOVACSHEGESZTES (PATTERN-
WELDING), MAROSZEREK, MINTAZAT
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Bevezetes

A diszit6 kovacshegesztés

A diszité kovacshegesztés az elmult évtizedekben
Wra reneszanszat ¢éli. Manapsdg azonban - a
torténelmi hitelességtél rendszerint eltavolodva -
ezzel az eljarassal leginkabb késeket és kardokat
készitenek, melyek elnevezésére a koztudatban
altalaban damaszkolt, damaszkuszi acél, damaszt
vagy damaszk penge kifejezést terjedt el. Az eljaras
megnevezése a régi magyarban a domockolés volt
(Halmanyi & Riedel 1986, p. 78.). Az angolban
szintén ,damasc”, vagy ,damascus steel”, a
németben pedig ,,damast”, ,damaszener Stahl” a
gyakran hasznalt koznyelvi kifejezés. Célszerii
tisztazni a kiilonbséget a damaszkuszi acélként
ismert anyag és a damaszkolas, mint technologia
kozott is. El6z6 esetében a pengéket allando
karbontartalmu,  hipereutektoidos  (C>0,8wt%)
anyagbol készitették, a feliileti mintazatot a maratas
utan megjelend, toredezett szekunder cementit halo
eredményezte, mig a damaszkolasnal tobbféle,
kiilonboz6 karbontartalmu, illetve - mint jelen
tanulmanyban is lathatd6 — nagysagrendekben
kiilonboz6 foszfor-tartalmi anyaggal dolgoztak.

Az angol archeometallurgiai szakirodalomban
azonban a  ,pattern-welding”  szdOsszetétel
hasznalatos. Ennek alapjan, a technoldgia
megnevezésére a szerzOk a diszité kovacshegesztés
elnevezést hasznaljak. Ez a szodsszetétel nemcsak
az eljaras lényeges technoldgiai 1épésére, hanem a
funkcidjara is utal.

A diszit0 kovacshegesztés a kelta id6kben
kezd6dott un. réteges kompozit készités (,,piling”
vagy ,piled composites”) -eljarasaig vezethetd
vissza (Pleiner 1993, p. 117-118, p. 125-126, 12.
abra, Lang & Ager 1989, p. 86-87, Jones 1997, p.
1-2, Jones 2002, p. 145, Williams 2012, p. 62.).
Lagyvas (,wrought iron”, C<0,2wt%) + acél
(,,steel, C>0,2wt%) lapokat felvaltva helyeztek
egymasra, majd a tombdt kovacshegesztéssel
hoztdk anyagzaré kapcsolatba, amelynek soran
nagymértékii  atkovacsolas, képlékeny meleg-
alakités tortént (1d. Buchwald 2005, p. 283, Anstee
& Biek 1961, p. 86, Jones 1997, p. 4-5; Williams
1997, p. 75, Edge and Williams 2003, p. 203; Lang
2011, p. 267). Szemben a korabeli vaskohaszat
primer termékével a vasbucaval, az igy kapott
radban mar egyenletesebb volt a karbon eloszlasa,
illetve az atkovacsolas miatt az éles bemetszést
okoz6 salakzarvanyok is felaprozodtak. Kezdetben
tehat a rétegezés célja elsGsorban a mechanikai
tulajdonsagok javitasa volt, nem pedig a diszités.

Az els6 évezred masodik felében foként az északi
german népek (norvégek, danok, angol-szaszok,
stb.) korében volt igen elterjedt a kiilonbozo
keménységli acéllemezekbol hajtogatassal,
kovacshegesztéssel eldallitott kardok készitése. A
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kardnak kivételes szerepe volt a fegyverek kozott, a
harcosnak lehetdleg karddal a kézben kellett
meghalnia, ha a Valhallaba akart jutni, elvesztése
pedig valosagos tragédia volt (Magnusson &
Palsson 1969, p. 272). Ezeknek az igen nagy
becsben tartott kardoknak a mintazata is komoly,
mar-mar mitikus szerephez jutott; rendszerint
kigyok tekerg6zésére, sarkany er6t ado leheletére
asszocialtak bel6le.

A diszité kovacshegesztés technoldgiaja akkor
fejlodott ki az egyszeri réteges kompozit
készitésbol, amikor un. foszforvasat (,,phosphoric-
iron” vagy ,,P-iron”, C<0,2wt% és
0,2wt%<P<1,5wt%, ilyen anyagot ma mar az
iparban nem hasznalnak) kezdtek felhasznalni a
réteges rudak elkészitéséhez. Egy réteges kompozit
rad altalaban hét rétegbdl allt (Jones 1997, p. 1-2,
Thalin-Bergman 1979, p. 124). Ezeknek a rudaknak
a mintazatat tobbnyire tovabbi megmunkalassal
(megcsavarhattdk Oket a hossztengelytik kortil,
levaghattak vagy forgécsolassal anyagot
valaszthattak le roluk a hosszuk mentén)
kiilonlegesebbé, maratassal pedig lathatova tették
(Anteins 1973, p. 1319, Thélin-Bergman 1979, p.
124, Méder 2001, p. 282-287, p. 50-51, p. 54-57,
Anstee & Biek 1961, p. 88).

Annak ellenére, hogy a kdztudatban ma leginkabb
az a nézet terjedt el, hogy lagyvas és acél rétegek
eredményezik a mintdzatot, mar az 1980-as
években fény deriilt arra, hogy a diszitd
kovacshegesztésben kizardlag foszforvas + lagyvas
vagy foszforvas + acél anyagparositasokat
hasznaltak (Tylecote & Gilmour 1986, p. 251-252,
Buchwald 2005, p. 283, Hoyland & Gilmour, 2006
p- 77-79). Vizsgalatainkban sarkalatos ujszeriiséget
jelent, hogy foszforvasat hasznaltunk diszitd
kovacshegesztésre. Ennek korabban a legfébb
akadalya maganak a kovacsolhat6 foszforvasnak az
eléallitaisa és a diszité kovacshegesztés nagy
tapasztalatot igényl6 technologiaja volt.

Diszité kovacshegesztéssel elsé sorban kardpengék
vércsatornaja  késziilt, mégpedig vagy teljes
szelvényében, vagy pedig lagyvas vagy acél magra
rakovacsolt diszitd kovacshegesztéssel eldallitott
szalagok rakovacsolasaval (Jones 1997, p. 4-5, 8.
abra, Jones 2002, p. 146, Williams 2012, p. 62). A
kardok kozponti magjahoz (amelybe a vércsatorna
volt bekovacsolva) altalaban maga is tobb diszitd
kovacshegesztéssel  elballitott  rad  sokféle
kombinacioban torténd kovacshegesztésével késziilt
(Tylecote & Gilmour 1986, p. 146-262, 103. abra,
Jones 2002, p. 145-146, Lang & Ager, 1989 p. 88—
89, 7.2. abra). Ehhez a kozponti maghoz két
oldalrél a kard ¢élét szintén kovacshegesztéssel
hoztak anyagzar6 kotésbe (Anteins 1973, p. 13-19,
Jones 2002, p. 147, Maryon 1960, p. 26-32, Bohne
& Dannheimer 1961, p. 108-109). A diszitd
kovacshegesztéssel késziilt kardpengék jellegzetes
kialakitasat az 1. Abra mutatja.
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1. abra: Kardpengék, amelyek tobb diszité kovacshegesztéssel késziilt rad vagy szalag és az élek
kovacshegesztésével késziiltek. A kozponti mag késziilhetett teljes szelvényében (feliil baloldalon) diszitd
kovacshegesztéssel vagy egy magra rakovacsolt diszitd kovacshegesztéssel késziilt szalagokbol (feliil
jobboldalon). Csavarassal és anyaglevalasztassal kialakitott mintazat (alul) . A cikkben szereplé abrak

mindegyike a szerzok sajat munkaja.

Fig. 1.: Pattern-welding applied to historical sword blades. Top left: “true pattern-welding” and its most
common combinations. Top right: pattern-welded panels overlapping a homogeneous core and their usual
variations. Bottom: patterns intrinsic to the discussed technique revealed through twisting and subsequent
grinding (splitting) of an alternately banded laminate. All the figures in this paper are created by authors.

Kardpengék esetében a diszitd kovacshegesztést
(féként csavart mintazattal) a 2. szazad végétdl a
10-11. szazad forduldjaig hasznaltak (Lang and
Ager, 1989 p. 89-106, 7.2. tablazat, Anteins 1973,
p- 59-63, Hosek et al. 2011, p. 100, Gilmour 2007,
p- 258-259, Williams 2012, p. 62).

Diszitd kovacshegesztéssel, foszforvas + lagyvas,
illetve foszforvas + acél anyagparositassal és az
alapanyagokbol késziilt probatestek mechanikai
anyagvizsgalatidval foglakozo legutobbi kutatdsaink
eredményei alapjan megallapitottuk, hogy a
foszforvas, bar szilardsaga a nemesitett acélokéhoz
hasonloan nagy, szivossaga joval elmarad azokétol

(rideg ¢és torékeny), a rossz mechanikai
tulajdonsagok  pedig a  beldlik  diszitett
kovacshegesztéssel eldallitott probatesteknél is

megjelentek (az erre vonatkozd cikk jelenleg
elbiralas alatt). Attol fogva tehat, hogy foszforvasat
kezdtek hasznalni a réteges kompozit készitésben,
feltételezhet6en az elsddleges cél mar a diszités
volt, nem pedig a mechanikai tulajdonsidgok
javitasa.

A mechanikai tulajdonsagok javitisa céljabol
torténd  réteges kompozit  készitési  eljaras
alkalmazasa vélhetben az egyre jobb és
megbizhatobb mindségben eldallithatd bucavas,
mint alapanyag miatt idovel csokkent, de
fennmaradt ¢és egylitt 1étezett a  diszitd
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kovacshegesztéssel. Az ezredfordulo utan a kardok
alapanyagként kizarolag acélt hasznaltak fel. A
diszité kovacshegesztés visszaszorulasanak oka az
lehetett, hogy az acélt, amelynél nemesitéssel
(edzésbol és megeresztésbdl allo hokezeléssel) jobb
mechanikai tulajdonsdgok érhetdk el, egyre
konnyebben és megbizhatobban tudtak eldallitani.

A feliilet kikészitése

Mivel tanulmanyunk, vizsgalataink kdzponti témaja
a diszitd kovacshegesztésen kiviil a mintazatot

el6hoz6 maratas, kiilonosen fontos az erre
rendelkezésre allo, korabeli anyagok
meghatdrozosa. A  diszitd kovacshegesztéssel

késziilt pengék feliilletén a mintdzatot az elézbleg
fémtisztara  csiszolt feliillet savval  torténd
maratasaval tették lathatova. Erre a kozépkorban
tobbféle sav is rendelkezésre allt. Nyilvanvaloan,
céliranyos szakmai leirasok, direkt moddon
értékelhetd forrasok tobb évszazadokon at tartd
szinte teljes hidnya miatt a vizsgalt idoszakkal
kapcsolatosan leginkabb azt hatarozhatjuk meg,
hogy egyaltalan milyen savakat hasznalhattak
marodszerekként a korabeli ,,szakemberek”, talan
maguk a kovacsok.

A kénsav (,vitriol” - H,SO,4) 6sidok oOta ismert
vegylilet, sumer és asszir feljegyzések éppugy
emlitik, mint Dioscorides (Kr.u. 1 sz.) gérég orvos,
vagy Idésebb Plinius (Kr.u.23-79), rdémai
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polihisztor (Karpenko & Norris 2002, p. 997-998).
A kénsavrol koraiszlam forrasokbol tudjuk, hogy
fémmaratasi célra is hasznaltdk a Kozel-Keleten.
Ya'qub ibn Ishaq al-Kindi mar a 9. szdzadban
lejegyezte Kardok és fajtaik cimli miivében, hogy a
kardpengéket vitriollal, azaz kénsavval vontak be,
amely a felilleti mintdzat maratdssal torténd
el6hivasara szolgalt. A 10-11. szdzad forduldjan €16
Ab@’ 1-Rayhan al-Biriin szintén megemlékezett
errél az eljarasrol Gylijteményes konyv az ékkovek
ismeretérdl cimii irasaban (Fehér 2000, p. 21-24).
Eurdpaban is koran ismerhették az emlitett savat,
hiszen a festéshez mar az dkortol hasznalatos Rubia
tinctorum (festbbuzér) gyokerébdl a szinezékét
fermentalassal, és kénsavas, vagy ltigos hidrolizissel
allitottak el (Teophilus 1986, p. 51-52). A vitriol
egyik legkorabbi kozépkori eurdpai emlitése
talalhatd — a fekete festékként hasznalt
Hatramentum”-mal szembedllitva — egy 8. sz. végi
latin nyelvil festékonyvben az n. luccai kéziratban
(Compositiones ad tingenda musiva) (Stillman
1960, p. 185).

A salétromsav (HNOs) kora kozépkori ismertsége
parhuzamos lehetett a kénsavéval. Mindkettd
tudomanyos igény{i beazonositasat Abti Musa Jabir
ibn Hayyan (kb. Kr. u. 721 — 815. latinosan Geber),
a mai Iran teriiletér6l szarmazo arabiai tudos,
polihisztor, alkimista nevéhez szokas kotni. Geber
milveiben talalkozhatunk tobbek ko6zott olyan
kémiai technologidk korabeli megfogalmazasaval,
mint a leparlas, kristalyositas, porkolés, elgbzolés.
Kisérletez6 munkassaga mutatkozik meg abban is,
hogy a kénsav, salétromsav, soésav (HCI), citromsav
(C¢HgO7) és borkésav (C4H¢Og) ,.felfedezése”
mellett 6 adta meg az aranyat old6 ,kiralyviz”
(aqua regia) harom rész sosavat és egy rész
salétromsavat tartalmazo receptjét. (Datta 2005, p.
40) Az eurodpai irdsokban ugyanez a 13. szazadi
Pseudo-Geber néven emlegetett (az elnevezés nem
véletlen), ismeretlen alkimista miveiben (Summa
perfectionis magisterii) jelenik meg, leirva azt is,
hogy a kiralyvizet kénsavban oldott szalmiakso,
ammoniasé (sal ammoniacum, NH4Cl) segitségével
allitottak el6 (Karpenko & Norris 2002, p. 1002).
Egy korai 14. szazadi is szerepel ,,sal armoniacum”
formaban az ammoniaso. A fennmaradt recept arrél
tanuskodik, hogy az ammoniasé vizes oldata
korrodalhatja a vasat. (,,Aqua corrosiva: Nota quod
aqua corrosiva minuens corporum pondera fit ex
sale armoniaci et coperosa in equali portione
distillando aquam per alembicum [...] Aqua
solvens argentum: Aqua solvens argentum et
quidem alia metalla fit ex vitriollo romano et sale
armoniaco in equali portione et haec aqua dissolvit
ferrum...” Newman 1991, p. 73-74.)

Az ecetsav (CH;COOH) az oOkorban és a
kozépkorban kozismert volt. Az orvoslasban tobbek
kozott fogfajas ellen, vérzés megallitasara és sebek
fertétlenitésére hasznaltak, mig a gasztronémiaban
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élelmiszerek izesitésére, befézésére és tartdsitasara.
Egyszeri eldallithatosaganak kdszonhetden olcso €s
konnyen elérhetd volt az alacsonyabb tarsadalmi
rétegek szamara is (Weiss 2004, p. 28.).

A csersavrol (C14H;(09 + 2H,0) Teophilus
Presbyter (kb. 1070 — 1125) De diversibus artibus
cimli munkdjaban olvashatunk. Egy tintakészitési
receptben lejegyzett novény, a Ligna Spinarum egy
tiskés fafajtat jelol, melynek kérgében magas a
csersavtartalom (Teophilus 1986, p. 56.).

A, rozsdaatalakitoként” is ismert foszforsav
(H5PO4) — a voroses-barna rozsdat (Fe,O;) fekete
ferro-foszfatta (FePO,) alakitja - szabad allapotban
a természetben nem talalhatdé meg, de soi
gyakoriak. ErGs oxidaloszer, mint pl. a salétromsav
a foszfort foszforsavva alakitja.

Természetesen a fent Osszefoglalt kémiai jellegli
irasok, mivek — amelyek, mint lathato, a vizsgalt
iddszakot tekintve alapvetden keletieck — megléte
nem ekvivalens a korabeli, fémmaratast végzo
szakemberek hasznalhat6 savakat illetd, alapvetden
empirikus ismereteivel. Mindazonaltal a
gylimolcsok erjedése altal kozismert lehetett az
ecetsav, citromsav, borkdsav (szOlésav), a fak
gubacsaibél a csersav, illetve hasznalhattak
kénsavat, salétromsavat, sdsavat is, annak pontos
definialasa nélkiil. Vizsgalataink alkalmaval hatféle
savat alkalmaztunk, kiilonb6zé toménységben,
egymassal nem keverve.

Célkitiizés, kérdésfelvetés

Jelen cikkben osszefoglalt kutatasunk célja az volt,
hogy valaszt keressiink a kérdésre: Vajon milyen

anyagparositassal €s milyen maratasi
technologiaval volt elérhetd a legmarkansabb,
legkontrasztosabb mintazat a diszitd

kovacshegesztés utani feliiletkikészitésnél?

Modszerek és eredmények

A mintak elokészitése

A torténelmi hitelességet szem el6tt  tartva
vasbucakat allitottunk elé gyepvasérc kohositasaval
rekonstrukcios kisérletek soran, amelyeket a feltart
fajszi tipusu, 10. szazadi bucakemencével (Gomori
2002, p. 79-80.) végeztiink (részletes leirds a
munka alapjaul szolgalo korabbi
probakohdsitasokrol: Thiele & Ban 2010, Thiele
2010, Thiele & Dévényi 2011, Thiele 2011, Thiele
2012). Foszforvasat nagy foszfortartalmii bels6-
somogyi gyepvasércbol allitottunk eld. A kohdsitas
kozben torténd kis mennyiségli égetett mész
beadagolassal csokkentettiik a vasbuca
foszfortartalmat (tal nagy foszfortartalom esetén a
vasbuca nem kovacsolhatd, torékeny). Lagyvasat
szintén ebbdl a gyepvasércbdl nyertiink nagyobb
mennyiségli égetett mész beadagolasaval. Acélt a
lagyvas ujrakohositasaval kaptunk (a lagyvas
cementaldodott).
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1. tablazat: Az alapanyagokbodl és a diszitd kovacshegesztéssel késziilt rudak szovetszerkezete és kémiai

Osszetétele

Table 1.: Microstructure and chemical composition of specimens from rods made of base materials and by

pattern welding

Alapanyagokbol Jelolés Szovetszerkezet Kémiai 0sszetétel
késziilt rudak
C (wt%) P (wt%)

Lagyvas I Ferrites, kevés perlittel 0,05 0

Foszforvas P Ferrites, vékony ferrit- max 0.2 0.6-1.1
perlites savokkal

Normalizalt acél Sn Widmanstatten (perlit és kb. 0.6 0
proeutektoidos ferrit)

Nemesitett acél Sh Megeresztett martenzit kb. 0.6 0
apro6 karbidkivalasokkal

Foszforvas + PIt8

lagyvas

Foszforvas + PSnt8

normalizalt acél

Foszforvas + PSht8
nemesitett acél

Az eldalitott 2-3 kg-os vasbucédkat téglatestté
kovécsoltuk. Az acél téglatest karbontartalmat
tobbszori hajtogatassal és kovacshegesztéssel tettitk
egyenletesebbé (a hajtogatasra utald savok
megfigyelhetdk a 3.abra Sn- ¢és Sh-jeli
metallografiai csiszolatain is). A téglatestek egyik
feliiletét fémtisztara csiszoltuk.

Hordozhato XRF miiszerrel (p-XRF) 15-20 pontban
torténd méréssel az alapanyagok foszfortartalmat,
szikraprobaval pedig a karbontartalmat
ellendriztiik.

Az  ellenérzott kémiai  Osszetételli  harom
alapanyagbol négy kiilonboz6 anyagu
10x10x60mm befoglaldo méretii, lagyvas (I),
foszforvas (P) és két acél rudat kovacsoltunk (a
rudak valojaban {itdmunka probatestek voltak egy
masik kutatashoz). Az egyik, Sn-jelii acélrad
hoékezelése normalizalas (a kovacsolasi
hémérsékletrél szabad levegén hilt le), mig a
masik, Sh-jeli acélridé nemesités volt (900°C-rol
vizben edzettik, majd 300°C-os megeresztési
hémérsékleten 1 oran at hoén tartottuk). Diszitd
kovacshegesztéssel egy 8 rétegli, csavart mintazat,
foszforvas + normalizalt 1agyvas anyagparositassal
(P1t8), valamint két, szintén 8 rétegii, csavart
mintazati foszforvas + acél anyagparositassal
10x10x60mm befoglalé méretii rudat készitettiink.
Az egyik, foszforvas + acél anyagparositassal
késziilt PSnt8-jelii rad hokezelése normalizalas,
mig a masik, PSht8-jelii acélradé nemesités volt. A
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U.a. mint az alapanyagoké.

rudak az 2. abran lathatdoak. A mardszer 2%-os
nital volt. A karbontartalmat a szovetszerkezet
alapjan képelemz6 programmal (Photoshop CS3)
szamitottuk ki.

A foszforvas pontos foszfortartalmat energia-
diszperziv rontgenspektrométerrel felszerelt
pasztazo elektronmikroszkopos (SEM-EDS)
vizsgalat segitségével hataroztuk meg. Az emlitett
vizsgalatok eredményeit az 1. tdblazat foglalja
Ossze. A metallografiai csiszolatokrol késziilt
makro-képeket (20 db 50-szeres nagyitasu kép
Osszeillesztésével késziilt képek) mutatja a 3. abra.

2.abra: Az alapanyagokb6l ¢és a  diszitd
kovacshegesztéssel késziilt rudak. A feliilet polirozva
€s 2%-os nitallal maratva (fekete-fehér abra).

Fig. 2.: Rods made of base materials and by
pattern welding. The surface is polished and 2%
Nital etched (black and white figure).
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3. abra: Az alapanyagokboél és a diszitd kovacshegesztéssel késziilt rudakbol keresztmetszetben kimunkalt

mintak metallografiai csiszolata (fekete-fehér abra).

Fig. 3.: Metallographic macro-photographs of specimens from rods made of base materials and by pattern

welding (black and white figure).

Maratasi kisérletek

Maratasi kisérleteket csak a diszitd
kovacshegesztéssel késziilt rudakbol szarmazod
mintakon végeztink. A rudakbol kimunkalt
metallografiai  csiszolatok  feliilletét  P320-as
csiszolopapirral felérdesitettiik, igy rekonstrualva a
korabeli koszoriiléssel és csiszolassal elérhetd
feliileti érdességet. A kisérleteket 2% és 10%-os
csapvizzel  higitott, 20°C-os és  70°C-os
citromsavval, ecetsavval, foszforsavval, kénsavval,
salétromsavval és sosavval végeztiik el, a mintakat
10 illetve 60 masodpercig maratva. Osszesen 114
maratasi kisérletet végeztink el (I1d. 4. abra és
2. tablazat). A harom mintat ugyanabba a
kétkomponensii miigyanta korongba agyaztuk be,
igy biztositva legalabb az anyagparositdsokra az
azonos maratasi paramétereket.

Minden maratast kdvetden makro-fotdt készitettiink
a kapott feliileti mintazatrol. A fénykép elkésziilte
utan, a kovetkez6 maratas elott a feliiletet P320-as
dorzspapirral tisztara csiszoltuk. A fényképezés
soran tlikorreflexes fényképezogépet hasznaltunk
igyelve arra, hogy a fényképek azonos
koriilmények (azonos fényviszonyok, azonos
fényképezdgép-beallitasok, azonos targytavolsag,
stb.) kozott késziiljenek. A képeket tablazatba
rendezve foglalja Ossze a 4. dbra.
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Az eredmények értékelése és
kovetkeztetések

Az elkésziilt fotok alapjan egymashoz viszonyitva
értékelni kellett a maratds utan kapott feliileti
mintdzat jellemzdit. Ahhoz, hogy objektiv ragsort
allithassunk fel, két paramétert fogalmaztunk meg:

A paraméter: A vilagos és soOtét rétegek kozotti
fényesség-kiilonbség (kontraszt)

B paraméter: A rétegeken belili vilagossag-
homogenitast

Ezeket a paramétereket képfeldolgozd szoftver
segitségével (Photoshop CS3) hataroztuk meg
minden fekete-fehérre konvertalt képen. A szoftver
segitségével a kozépsd és az egyik szomszédos
réteg kozel teljes teriiletén minden egyes képpont
(kb. 150 000 képpont, 1d. ,,Pixels” az 5. abran)
vilagossagat megmértiik, a mért értékek atlagat (Id.
,Mean”a 4. abran) és szoérasat (1d. ,,StdDev” a 5.
abran) kiszamitottuk. A két réteg atlagos
vilagossaganak  elGjeles  kiillonbsége az A4
parametert (ha a foszforvas réteg a sotétebb, akkor
az el6jel negativ), a rétegek vilagossaganak
szorasanak atlaga pedig a B paramétert adta. Az A
és a B paraméterre kapott értékeket a 2. tablazat
foglalja Ossze.
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Kénsav Saletromsav Sosav

pshtg| psnts | Pit8 | pshis| psnts | Pit8
T T +

pshtg | Psnts | Pits
T

Pshtg | Psntg | Pit8

Pshts |Psnts | Pits | Pshtg |Psnts | Pits

72 E e E—

4. abra: A maratott mintakrol késziilt makro fotok.
Fig. 4.: Macro images of etched specimens.

=7

2. tablazat: Az A és B paraméterek értékei az egyes fotokra

Table 2.: The parameter ,,A” and ,,B” for each macro photos of etched specimens

Citromsav Ecetsav Foszforsav Kénsav
PSh I PSn [ Pl PSh I PSn I Pl PSh I PSn [ Pl PSh I PSn I

7% & 11,8 349 (
105
20°C B 133 17,7 I
2% A -38 -9.1 -22.9 1,9 13 2
o5
WC B 18,2 258 13,7 19,6 174 2
20% A - - - - -6.4 315 40,1 -19.9 8.1

105
Aaec B - - - - - - 11,8 19.7 19,3 10,6 16,6 1
20% A -12,1 0,7 459 -28.2 313 |
6lls
2000 B 272 245 32,7 224 26,4 1
% A 386 20,5 |
10s

e B 237 20,9 2
2% A -45,9 -17.9 -33.4 -26,2 -26,8 -12.7 -8,2 -2.6 32 4,6 -34.6 -z
ills

T0°C B 18,6 19.7 12,8 17,7 19.4 15,2 27,7 18.4 24 22 228 2
20%% A -52,6 -14.8 -34.1 -41,3 =337 =343 46,4 26,4 1
10s
ec B 18,1 20,5 12,5 iz 229 16,5 18,4 21,7 2
20% A -48,1 -26,1 -49.2 =573 -14,1 -23.4 21,2 14.9 -3.6 473 49.9 4
s

T0°C B 15,1 232 15 10,5 18 14,7 23,8 214 3.5 15,9 20,6

Ezzel a modszerrel az elkészilt képekhez két
szamot rendelhettiink. A mintdzat markanssagat
akkor tekintettiik elegenddnek, ha az 4 paraméter
értéke abszolut értékben meghaladta a szubjektiven
megvalasztott 40-es értéket, a B paraméter pedig
nem haladta meg a szintén szubjektiven valasztott
20-as értéket. Ennek megfeleléen a 2. tablazatban
a bekeretezett mezOk tartalmazzak a kifejezetten
markansnak, kontrasztosnak tekinthetdé minta-
zatokat.
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Ezek utan mar feldllithatd egyfajta rangsor a
maratas utan kapott felilleti mintazatot illetéen. A
legmarkansabb, legkontrasztosabb mintazatot a
foszforvas és nemesitett acél kombinacioja, 20%-os
toménységli, 70°C-os hdémérsékletii  sdsavval
torténé 10  masodperces  maratds  mellett
eredményezi (az A paraméter kiugréan magas,
118.9-es értékl). A 20%-os so6sav minden
anyagparositasra ~ markdns  mintdzatot  ered-
ményezett 20°C-os és 70°C-os hémérsékleten is.
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Source: Entire Image -
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Pocels: 148278 Cache Level: 1

5. abra: A képpontok vilagossaga (jobboldali hisztogram) az értékelt teriileten (a baloldali képen a sokszog

alaku tertilet)

Fig. 5.: The brightness of the pixels (histogram on the right) on the analysed area (polygon on the left)

A sésav, mint emlitettiik, a kdzépkorban minden
bizonnyal elvileg elérhetd mardszer volt, még ha
nem is olyan kdonnyen, mint példaul az ecetsav,
ezért nem valdszinii, hogy gyakran hasznaltak. A
szintén beszerezhetd salétromsav, ugyancsak
hatarozott mintazatot hozott létre, bar az egyes
anyagparositasokra vonatkozoéan mas-mas maratasi
paraméterek mellett. A kénsav és a foszforsav csak
néhany esetben, a citromsav €s az ecetsav pedig egy
esettdl eltekintve kizarolag csak a foszforvas és
nemesitett acél anyagparositas mellett
eredményezett markans mintazatot. A korabeli
kardkészitbk minden bizonnyal a természetben
konnyebben elérhetd, relative gyenge savakat
hasznaltdk rendszeresebben, mint példaul az
ecetsavat, a megsavanyodott sort, a vizelet
savtartalmat, a borkdsavat, illetve a csersavat,
amely az igen hatdsos, kék-fekete szinli sévokat
eredményezi és egyfajta rozsdasodas-gatlasként is
szolgalt. Vizsgalatainkban természetesen a kor
valoszinlisithetd szakmai szokasai mellett a
technologia  minél  szélesebb  palettajanak
vizsgalatara is fokuszaltunk, igy az akkoriban
szintén elérhetd, hasznalhatd erésebb savakat is
kiprobaltuk.

Az eredmények alapjan érzékelhet, hogy milyen
nagy tapasztalatra, empirikus tudasra, illetve
szakmai Orokségre volt sziiksége a korabeli
fémmegmunkalonak, hogy a lehetd legjobb hatést
érje el munkadarabjan. Nem volt véletlen a
kardkészit6k nagy becsben tartasa, munkajuk mar-
mar mitikus felhangja.
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KOZLEMENYEK

40. Nemzetkozi Archeometriai
Szimpozium (2014. mdjus 19-23., Los
Angeles)

40th International Symposium on Archaeometry
(Los Angeles, 19-23rd May, 2014)

Abstract

You can read below a short review about the 40th
International Symposium on Archaeometry, which
was held in Los Angeles on 19-23rd May, 2014.

Kivonat

2014. majus 19-23-a kozétt Los Angelesben
rendezték meg a 40. Nemzetkozi Archeometriai
Szimpoziumot. Az alabbiakban a tudomanyos forum
beszamolojat olvashatjak.

KEYWORDS: ARCHAEOMETRY, 2014, ISA, LoS
ANGELES

KULCSSZAVAK: NEMZETKOZI ~ ARCHEOMETRIAI
SziMPOZIUM, 2014, LOS ANGELES

2014. majus 19-23-a  kozott immaron 40.
alkalommal keriilt megrendezésre az archeometriai
kutatasok legnagyobb nemzetkézi foruma, az
International Symposium on Archaeometry. Ezuttal
Los Angeles fogadta be a vilag minden tajarol
érkez0 kutatokat. A szervezésen, illetve a
konferencia helyszineinek biztositasan a Getty
Conservation Institute és a University of California,
Los Angeles intézményei osztoztak. A két
fészervezé Dr. loanna Kakoulli (UCLA) és Dr.
Marc Walton (Northwestern University, Chicago)
volt.

A kovek, keramidk, fémek, iivegek vizsgalata
mellett teret kapott a Dbioarchaeologia, a
tavérzékelés, a lumineszcens kormeghatarozas és a
kornyezetrégészet témakorében elért legujabb
eredmények ismertetése is. Két tematikus szekcio is
a program része volt, amelyek kozil az egyik a
bronzkor és a vaskor kozti atmenetet, mig a masik
az igazsagiligyi céli archeometriat vette gorcso ala.
Ez utobbi egy igen hosszu és tartalmas vitat valtott
ki a résztvevok korében a mitargyak tulajdonjogat
illetden. Bar megnyugtatd végeredmény nem
sziiletett, maga a kérdésfelvetés igen hasznosnak
bizonyult.
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A résztvevOk nagy tobbsége az észak-amerikai és
nyugat-europai térségbdl jott, am errdl hivatalos
statisztikat a szervezék nem készitettek. Fontos
kiemelni, hogy nem egy kutatd6 mas orszag
egyetemén, intézetében  dolgozik, igy a
regisztraciokor ezt az intézményt adta meg. Az
eldadasok ¢€s a poszterek esetében is megfigyelhetd
volt, hogy a kozel-keleti és a dél-amerikai
lelohelyek, leletek feldolgozasa élvezte a
legmagasabb prioritast. Ezt az antik gorég-romai
teriiletek kovették. A korszakok kozt az 6Gskor
dominalt. Magyarorszag harom régész
mesterszakos hallgatéval (mindhdrman a Szegedi
Tudomanyegyetemrél) és egy aranypénzekrdl
sz010, teljesen hazai szerzOk altal készitett
poszterrel képviseltette magat.

A bemutatott tudomanyos munkak ardnyait az
alabbi grafikonon abrazolhatjuk (1. abra).

A szimpdézium soran tobb fontos, 0j valtozast is
bejelentettek. A kétévenkénti rendezés tradicidja
megmarad, a helyszinek tekintetében azonban az
eddigi rendszer megsziintetésre keriilt. A Los
Angelesben tartott szavazas alapjan a kovetkezd
helyszin a gorogorszagi Kalamata lesz, am
mostantol a vildg barmely pontjarol, megkdtések
nélkiil lehet palydzni rendezdének. Kiemelendo,
hogy a konferencian elhangzott, bemutatott kutatasi
eredmények publikalasdra mostantél egy 1j,
ingyenesen elérhetd elektronikus folyodirat, a
Science and Technology of Archaeological
Researches (STAR) indul. Ennek Ilétrehozasaban
részben a konferenciakotetek kivaltasanak igénye is
szerepet jatszott.

A konferencia absztraktkotete az alabbi cimen
érheté el: http://www.archaeometry2014.com/wp-
content/uploads/2014/05/ISA-2014-Program-and-
Abstracts-Book-Online.pdf

Nagy Zsolt Dezsé

Herman Otto Muzeum, Miskolc, Szegedi
Tudomanyegyetem, Szeged

email: zsoltdezsonagy(@gmail.com
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H poszter

eloadas

1. abra: A 40. Archeometriai Szimpdzium eldadasainak és posztereinek tematikus megoszlasa

Fig. 1.: Distribution of posters and lectures on ISA 40 by main thematical groups
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