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Abstract

The Baradla Cave has been an open and used natural cavity since ancient times. 20 pieces of polished stone
tools of various raw materials were revealed from the cave site, which were analysed using non-destructive
methods. Source areas were identified for those raw material types which have detailed mineralogical and rock
chemistry data available. The main raw material types are blueschist and contact metabasite, defined as a close
and a distant raw material, respectively. The latter was widely known for its excellent mechanical properties. In
addition, subordinate greenschist-amphibolite, serpentinite, sandstone, limestone, basalt litho-typed polished
implements were also identified from the Cave, but their source area can be determined only tentatively from the
available analyses and previous publication data.

Kivonat

A Baradla-barlang dsiddk ota nyitott és haszndlt természetes tireg volt. 20 darab valtozatos nyersanyagu csiszolt
koeszkoz keriilt elé innen, ezek archeometriai vizsgalatat veégeztiik el roncsoldsmentes modszerekkel és
azonositottunk forrdsteriiletet azoknal a nyersanyagtipusoknal, amelyeknél részletes dasvany- és kozetkémiai
adatok rendelkezésiinkre dlitak. A & nyersanyagtipusok a kézeli nyersanyagtipusként azonosithato kékpala és az
elterjedt tavoli nyersanyagtipus, a kontakt metabdzit, ami kivilé kézetmechanikai tulajdonsdgai miatt széles
korben ismert volt. A fentieken tul aldrendelten zoldpala-amfibolit, szerpentinit, homokkd, mészkd, bazalt anyagi
kbeszkozok is meghatarozasra keriiltek a barlangbdl, am ezek forrasteriilete a rendelkezésre allo mérési és
eddigi publikalt adatokbdl csak feltételesen dllapithato meg.
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Introduction

The Baradla-Domica Cave system is situated at the
border of North Hungary and South Slovakia. The
Baradla Cave is the second largest one in Hungary
with its 30 km length. The nearly 6 km long
Domica is located in the Slovak Republic.

In the prehistoric times the Cave system was open
on both sides of the recent borders. In Aggtelek
(Hungary) there are two anciently opened
entrances, both of them are situated at the
distinctive cliff face, recently called as the Main
Entrance/Fébejarat and Bat branch/Denevér-ag)
(Székely 2003) (Fig.1.). Proved by many
archaeological findings, the Domica entrance must
have been opened up in the prehistoric times but
collapsed and/or clogged somewhen after the
Neolithic period and was rediscovered only in
1926.

In the Aggtelek site the first documented
archaeological excavations were led by Jené Nyary
in 1876-1877 (Nyary 1881). In the ancient times the
Cave was used as a temporary dwelling, a shelter, a
cemetery and a possible ritual site for a long time.
From both Domica and Baradla, Biikk and Late
Bronze ceramics besides traces of fireplaces, pile-
huts, skeletons and polished stone tools were found
even farther from the natural entrances (Tompa
1937, Holl 2007, Laczi 2011, Rezi Katé 2014). As
the cave system was inhabited and used for over
long and different periods of time, determining the
exact age of the polished stone tools is challenging.
According to Holl (2007) and Rezi Kat6 (2014) the
archaeological findings are mixed, furthermore
detailed information about the circumstances of the
excavations are even not described in the inventory
book of the Hungarian National Museum. The latest
archaeological survey in the cave was led by Gabor
V. Szab6 (ELTE) in 2019, which survey excavated
the BD 25-28 polished stone tools linked to Biikk
ceramic fragments (Nyir0 et al. 2022).

Generally speaking, most of the polished imple-
ments are flat chisels therefore we presume that
they belong to the Biikk culture, Middle Neolithic
period. Regarding the 1911.21.28. curved hoe,
1929.64.75. handstone and 1929.64.63. stone
implements, their shapes do not fit exclusively to
the Middle Neolithic era; they might also date from
the Late Bronze Age. In 2014, an archaeometric
study began to process the Neolithic polished stone
tools of the Herman Ott6 Museum being the largest
archaeological collection of Northeast Hungary.
During this investigation period many lithotypes
were learned and matched with provenance. In the
framework of this archaeometric research, five
stone tools from the Baradla Cave were discovered
(Kereskényi 2021).

The aim of this study is the archaeometric analysis
of all the polished stone tools excavated from the
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Baradla Cave. Surprisingly, only 20 polished stone
tools are known from the excavations so far,
officially belonging to the Institute of Archaeology
of Eo6tvés Lorand University, the Hungarian
National Museum and the Herman Ott6 Museum
(App. Table 1.). The exact archaeological locality
of the implements was not documented (Holl 2007),
except for the BD25-28 polished stone implements
which were excavated from the Fox branch
(Fig. 1.). In this paper, from the aspect of
provenance we compare the formerly published
data with the compositions of the Baradla polished
stone implements.

Analytical and calculation methods

As most of the implements are intact and/or
borrowed, exclusively non-destructive mineralog-
ical and petrological analytical methods were
allowed to carry out.

All samples were macroscopically described and
measured for their magnetic susceptibility with KT-
5 Kappameter using thickness correction (Bradak et
al. 2009).

The mineral chemistry analyses were performed by
electron microprobe analysis of the stone tools
using the original surface method (Bend6 et al.
2013). The mineral association and textural
relations were studied by a JEOL JXA 8600
Superprobe  electron-microprobe in  energy-
dispersive mode. The accelerating voltage was
15 kV and the beam current was 20 nA.

BD25 implement was measured by a Zeiss
EVO/MA 10 electron microscope using 20 kV
accelerating voltage in EDS mode.

Non-destructive X-ray diffraction (XRD) analyses
were accomplished on six stone implements with a
Bruker D8 Advance X-ray diffractometer.
Parameters of XRD analyses: CuKa source, 40 kV
and 20 mA generator settings, parallel beam
geometry (Gobel-mirror), Vantecl position detector
(1° window opening degree), 0.1 mm collimator.
After the measurements, the crystallographic phase
identification was performed with  Bruker
DiffracPlus EVA based on ICDD PDF2 and COD
(Crystallography Open Database) database, using
Search/Match algorithm. Rietveld fitting was
performed on high-priority samples using TOPAS4
software (Kristaly & Kereskényi 2016).

Both SEM-EDS and XRD measurements were
carried out at the Institute of Mineralogy and
Geology, while the BD25 implement were studied
at the Department of Metallurgy at University of
Miskolc.

Bulk elemental composition of 17 polished stone
tools has been determined by prompt-gamma
activation analysis (PGAA) at the 102 n/cm?s
intensity external cold neutron beam of the
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1. abra: Az aggteleki fobejarat kornyéke, ahonnan a legtobb régészeti lelet elokeriilt (Orszag et al. 1989 utan).

Budapest Research Reactor. The upgraded
Budapest PGAA facility has been described by
Szentmiklési et al. (2010).

The smaller pieces have been analysed at the
PGAA station, while the bigger ones have been
analysed at the NIPS-NORMA station. The beam
size was adjusted between 24 mm? and 44 mm?
Since the neutrons can penetrate a few cm deep into
the sample, the results provided will be
characteristic for the bulk material. The acquisition
time has been set between 1300 s and 4100s, in
order to obtain statistically satisfactory counts in
the spectrum peaks. With the PGAA method, it was
possible to determine quantitatively the amount of
the major components of SiO,, TiO,, Al,O3, Fe;0s,
MnO, MgO, CaO, Nax0, K0, H,0, occasionally
CO,, which indicate the presence of carbonates and
SOs, as well as trace elements of B, Cl, Sc, V, Cr,
Ni, Sm and Gd non-destructively as it was
demonstrated by Kasztovszky et al. (2008),
Szakmany and Kasztovszky (2004), Szakmany et
al. (2011).

To calculate cation numbers of amphiboles the
ACES Excel spreadsheet was used. The initial
M3*/ZM ratio was not retained, the algorithm
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sought electroneutrality by adjusting the valences of
Fe and Mn automatically selecting one or more of
four cation normalization schemes: sum Si to Ca
(+Li) = 15; sum Si to Mg (+Li) = 13; sum Si to Na
= 15; sum Si to K = 16 apfu (atomic proportion per
formula unit). Schemes were selected automatically
based on the smallest maximum deviations from
criteria (Locock 2014). Amphiboles were named
following the classification of Hawthorne et al.
(2012).

Results and discussion

Blueschist
Macroscopic description

Eight flat chisels proved to be blueschist.
Macroscopically they are fine-grained (grains
cannot be distinguished by naked eye), having
bluish, bluish green, greenish, greyish blue colour
with fibrous texture. Dominantly they are massive
and non or slightly foliated. A few of them have
characteristic green patches on their surface, while
on some chisels these spots are elongated in the
direction of foliation (Figs. 2/A, /C, /E). The
magnetic susceptibility is low, and ranges in a
narrow interval, 0.35-0.64*1073 SI.
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Fig. 2.: Macroscopic (A) and SEM-BSE image (B) of 1997.3.66. blueschist polished stone implement with green
patches on its surface. Macroscopic (C) and SEM-BSE image (D) of 1997.3.230. blueschist polished stone
implement. The presence of omphacite indicates prograde metamorphism towards eclogite facies. Macroscopic
(E) and SEM-BSE image (F) of 1969.72.58. blueschist polished implement, with green patches elongated
parallel with the foliation. Relict augite grains are preserved from the magmatic phase.

2. abra: Makroszképos (A) és SEM-BSE kép (B) az 1997.3.66. jeli kékpala csiszolt kéeszkozrol.
Makroszkopos (C) és SEM-BSE kép (D) az 1997.3.230. jeli csiszolt kdeszkdzrél. Az omfacit megjelenése a
progressziv metamorfozist jeloli az eklogit facies felé. Makroszkopos (E) és SEM-BSE kép (F) az 1969.72.58
jelt csiszolt kéeszkozrol. A zold foltok a foliacio iranyaval parhuzamosan megnyultak. Relikt augit szemcsék a
magmas fazisbol 6rzédtek meg.
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Fig. 3.: Chemistry of blueschist implements from the Baradla Cave compared with formerly studied implements
from the collection of Herman Ott6 Museum (Kereskényi et al. 2018) and field samples (Faryad 1995, Ivan et al.

2006) plotted in TAS diagram (Le Bas et al. 1986).

3. abra: A Baradla-barlangbol el6keriilt kékpala keszkozok kézetkémiai eredményei TAS diagramon (Le Bas
et al. 1986) abrazolva, Osszevetve a Herman Ottdé Muzeum gyljteményébe tartozo, korabban vizsgalt
kéeszkozokkel (Kereskényi et al. 2018) és a terepi mintakkal (Faryad 1995, Ivan et al. 2000).

Bulk chemistry

Compositional data of five implements were
studied and listed in App. Table2. The SiO;
content is low and ranges in a narrow interval from
45.85 to 49.86 wt%. The CaO content varies in a
quite wide range from 2.34 to 11.23 wt%, while the
Na,O covers an interval with 2.96-6.73 wt%. Four
samples plot into the basalt field, while BD25
matched to the basaltic trachyandesite field in the
TAS diagram (Fig. 3.) due to the highest Na,O
content in the group.

In the AFM diagram four implements show
tholeiitic affinity, while the BD25 has calc-alkaline
feature (Fig. 4.).

Petrography and mineral chemistry

Six  blueschist polished stone tools contain
glaucophane as a rock-forming  mineral.
Glaucophane yielded as nematoblasts which are
parallel oriented to foliation. Some analysed points
of blue amphiboles were classified as ferro-
glaucophane in the BD26 and 1969.72.58
implements. The compositional ranges of sodic
amphiboles, as a function of Fe?*/(Fe**+Mg) vs
Fe3*+Al in formula, is shown in Fig. 5. Chemical
compositions of Na-amphiboles are presented in
App. Table 3.
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Winchite, ferro-winchite and ferri-winchite were
perceived from the rims of a glaucophane of the
1997.3.66. and 1997.3.230. implements (Figs. 2/B,
/D). Chemical compositions are represented in
App. Table 4.

In the 1997.3.230. sample barroisite (App.
Table 4.) was observed, its textural relation is
unclear (Fig. 2/D).

Magnesio-ferri-hornblende was perceived in the
BD26 sample (App. Table 4.), its textural relation
cannot be recognised.

Actinolite was observed at the edges of
glaucophane in the 1997.3.66. implement (Fig. 2/B)
(App. Table 4.).

Augite (Enosz-057 FSoos-0.00 W0035040) With cc.
150 um crystal size was detected as a relict phase
next to glaucophane and albite in the 1969.72.58.
sample (Fig. 2/F).

Omphacite grain with cc. 60 um was described next
to glaucophane from the 1997.3.230. sample
(Fig. 4/D).
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w Blueschist implements from the Herman Otté Museum

ményei AFM diagra-
mon (Irvine & Baragar
1971) abrazolva, ssze-
vetve a Herman Otté
Miuizeum gyiijteményé-
be tartozo, korabban
vizsgalt kdeszkozokkel
(Kereskényi et al. 2018)
és a terepi mintakkal
(Faryad 1995, lvan et
al. 2006).

Field samples from Sugov, Hadava, Borka, Zadiel,
Rudnik, and Klippen unit (amphibolite with blueschist
overprint) studied by Faryad 1995, Ivan et al. 2006

Albite is observed in all tools as helicitic
poikiloblasts in large amount (Figs. 2/B, /D, /F).

Epidote/clinozoisite were detected in all Baradla
blueschist samples in various amounts (Figs. 2/B,
D, F).

Chlorite was detected as clinochlore in BD25,
BD26 and 1997.3.230. stone implements, however,
it is supposed that it may be also present in other
blueschist tools as it was one of the most common
mineral phases in the previously studied
implements. Due to the limitation of the original
surface method clinochlore phase cannot be noticed
in each case.

Titanite is a very common accessory mineral in all
tools (Figs. 2/D, F). Its Al,Os content is typically
high which can be explained by the increase of
metamorphic pressure during titanite crystallization
(Smith 1981, Faryad 1995).
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Fig. 5.: Composition of
sodic amphiboles in
blueschist implements from
the Baradla Cave and
formerly studied
implements from the
collection of the Herman
Ott6 Museum (Kereskényi
et al. 2018) plotted in the
Fe¥*/(Fe**+Al) vs.
Fe?*/(Fe?*+Mg) diagram.

5. abra: A Baradla-
barlangbol elékeriilt
kékpala kéeszkdzok Na-
amfiboljainak dsszetétele a
Fe3*/(Fe®*+Al) vs.
Fe?*/(Fe?*+Mg)
diszkriminaciés diagramon
abrazolva, Osszevetve a
Herman Ott6 Muzeum
gyljteményébe tartozo,
korabban vizsgalt
kéeszkozokkel
(Kereskényi et al. 2018).
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Fig. 6.: XRD pattern of 53.188.1. blueschist implement.
6. abra: 53.188.1. jelii kékpala kdbalta XRD felvétele.
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Fig. 7.: XRD pattern of 53.188.2 blueschist implement.
7. abra: 53.188.2. jelii kékpala kobalta XRD felvétele.
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Fig. 8.: XRD pattern of 1969.72.58. blueschist implement.
8. abra: 1969.72.58. jelt kékpala kébalta XRD felvétele.

XRD of blueschist implements

In a previous study we managed to identify
glaucophane/ferro-glaucophane and distinguish
them from other amphiboles by XRD (Kristaly &
Kereskényi 2016). This method helped to recognize
blueschist implements in a relatively rapid, non-
destructive way. In this work three blueschist
implements were studied by XRD from the Baradla
Cave.
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The detected minerals by XRD from sample
53.188.1. are ferro-glaucophane, epidote, albite,
hornblende, titanite and clinochlore (Fig. 6.).
Sample 53.188.2. analysed by XRD vyielded ferro-
glaucophane, actinolite, epidote, albite, clinochlore,
muscovite and titanite (Fig.7.). Implement
1969.72.58. was also studied by XRD. The detected
minerals are glaucophane, ferro-glaucophane,
albite, clinochlore, augite, epidote (Fig. 8.), which
association was confirmed by SEM-EDS either,
except for ferro-glaucophane.
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Possible provenance of the blueschist implements

Formerly large numbers of blueschist polished
stone implements were examined in details and
compared to the most possible provenance field.
The blueschist outcrops linked to a 20 km long
subduction zone, Boérka Nappe in Meliata unit in
Southeast Slovakia (Kereskényi et al. 2018,
Kereskényi 2021). The bulk chemistry data of
Borka Nappe and Neolithic polished stone
implements of Northeast Hungary were compared
to the Baradla blueschist implements in the TAS
and AFM diagrams and showing high correlation
affinity (Figs. 3. and 4.).

The observed mineral assemblage of the Baradla
implements are varied: glaucophane =+ ferro-
glaucophane + winchite + ferri-winchite + ferro-
winchite + barroisite + magnesio-ferri-hornblende +
actinolite + omphacite + augite + albite +
epidote/clinozoisite + chlorite + titanite. The
mineral chemistry and texture were also compared
to the previously published data. In BD25, BD26
and B40 samples only glaucophane and ferro-
glaucophane were detected as rock-forming

amphiboles. In 1997.3.66. and 1997.3.230. samples,
Na-Ca amphiboles were perceived at the rims of
glaucophane (Figs. 2/B, /D) showing a temperature
increase and a pressure decrease after the blueschist
metamorphism (Otsuki & Banno 1990). In
1997.3.66. sample actinolite appears at the rims of
winchite/glaucophane demonstrating a greenschist
facies overprinting (Fig. 2/B).

In the 1997.3.230. sample, the presence and textural
position of omphacite indicates a progressive
metamorphism  towards the eclogite facies
(Fig. 2/D).

In 1969.72.58. sample, the large relict augite is
preserved (Fig. 2/F) from the magmatic phase due
to the lack of volatiles.

Observing the mineral phases and their textural
relations in the case of Baradla blueschist
implements a polyphase metamorphism can be
outlined such as in the case of the implements of
Northeast Hungary and the Meliata samples
(Faryad 1995, Kereskényi et al. 2018, Kereskényi
2021).
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Massif
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Ukraine
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basin

PANNONIAN BASIN

External West Carpathians

" —.
-

Pt
-

e Kosice

”

- Inner West Carpathians

50 km

. c}}‘& ® Bratislava
Y i
QO Gemericum
(Early Palaeoz01c) v 8
Ronavaline
Silice Nappe b & Aokm

(Triassic-Jurassic)

- Meliata unit (Triassic-Jurassic) Late Palaeozoic - Pieniny Klippen Belt ™, Slice and Nappe Boundary .. Deep fault

T: Tatricum H: Hacava S: Sugov
V: Veporicum J: Jasov St: Stitnik
G: Gemericum R: Rudnik Z: Zadiel
B: Borka Rz: Radzim

Fig. 9.: The most possible provenance field of blueschist implements in a geological setting of the Meliata
blueschists in a framework of the Western Carpathian geotectonic division. The schematic geological map of
the southern part of the Gemericum after Bajanik et al. (1983).

9. abra: A Mellétei-egység kékpala el6fordulasai a Nyugati-Karpatokkal, vazlatos geoldgiai térképen abrazolva

Bajanik et al. (1983) utan.
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Based on the proximity and similarity of the
blueschist outcrops, we suggest Borka Nappe as the
most possible provenance (Fig. 9.) of the Baradla
Cave blueschist implements. In addition, this is
supported by the fact that the blueschist implements
are very frequent in archaeological collections of
North Hungary while farther away the number of
the blueschist artefacts shows decreasing numbers.
Blueschist was the most abundant polished stone
tool raw material in the Baradla Cave either.

Contact metabasite
Macroscopic description
Five polished flat chisels were identified as contact

metabasite. Their colour is black, greyish black,
very fine-grained and foliation cannot always be

10

perceived. The MS values are variable (0.21-
0.46*103 SI), while the 1951.101.10. implement
provides 40.38*103 SI, an extreme large magnetic
susceptibility among the contact metabasites.

Bulk chemistry

Bulk chemistry data of five contact metabasite
implements are listed in App. Table2. SiO;
content ranges in a very narrow interval: 47.78—
50.50 wt%. TiO, concentration show elevated value
with 1.85-3.70 wt% in all contact metabasites.

Representing data in a TAS diagram, all Baradla
contact metabasite implements plot to the basalt
field and have subalkaline characteristics (Fig. 10.),
while the AFM diagram describes tholeiitic affinity
(Fig. 11.).

16 -
"W Phonolite
12 + Foidite
§ Trachyte
:10 i Trachydacite
S
x 81 Tephrite Rhyolite
o Basanite
Z6r
A Dacite
2 —
o e
1 " 1 i I : 1 ; 1 1 : 1 : I
35 40 45 50 55 60 65 70 75
Si0, (Wt%)
Contact metabasite implements Sida (2014):

from the Herman Ott6 Museum

Contact metabasite implements
from the Baradla cave:
53.55.1 HOM B
1911.21.24 MNM =
1951.101.10 MNM m
BD 27m
BD 28

[\ Krkonose Jizera Massive metabasite
~ KrkonoSe Jizera Massive metatuffite
/) Krkonoge Jizera Upy-valley metabasite

O Zelezny Brod (Klominsky et al. 2004)
O Contact metabasite implements (Péterdi 2011)
O Zelezny Brod (Péterdi 2011)

Fig. 10.: Contact metabasite implements from the Baradla Cave compared with previously studied implements
from the Herman Otté Museum (Kereskényi 2021) and field samples (Sida 2014, Klominsky et al. 2004, Péterdi

2011) plotted in TAS diagram (Le Bas et al. 1986).

10. abra: A Baradla-barlangbol el6keriilt kontakt metabazit koéeszk6zok kozetkémiai eredményei TAS
diagramon (Le Bas et al. 1986) abrazolva, 6sszevetve a Herman Ott6 Muzeum gyiijteményébe tartozo, korabban
vizsgalt kéeszkozokkel (Kereskényi et al. 2018) és a terepi mintakkal (Sida 2014, Klominsky et al. 2004, Péterdi

2011).

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



Archeometriai Mithely 2023/XX./1.

FeO Total

Tholeiitic

Calc-Alkaline

11

Fig. 11.: Contact
metabasite implements
from the Baradla Cave

compared with formerly
studied implements
from the Herman Otto
Museum (Kereskényi
2021) and field samples
(Sida 2014, Klominsky
et al. 2004, Péterdi
2011) plotted in AFM
diagram (Irvine &
Baragar 1971) diagram.
A = alkali (Na,0O +
K20), F = FeO (total),
M = MgO. IAT =island
arc tholeiite, MORB =
mid-ocean ridge basalt.

11. abra: A Baradla-
barlangbdl eldkeriilt

(Na,0+K,0)

Contact metabasite implements

from the Herman Otté Museum N

Contact metabasite implements
from the Baradla cave:
53.55.1 HOM B
1911.21.24 MNM =
1951.101.10 MNM m

Petrography and mineral chemistry of contact
metabasite

As a common feature, the radially oriented acicular
amphiboles appear in all five samples. Magnesio-
hornblende or magnesio-ferri-hornblende are
preserved in the core of amphiboles (Figs. 12/B, /D,
/F) with Algy = 1.11-2.09 apfu (App. Table5.),
while at their rim cummingtonite or grunerite
crystallized due to the process of contact
metamorphism (Figs. 12/B, D) (App. Table 6.). In
the case of 1951.101.10. tool magnesio-hornblende
was observed without any Fe-Mg amphibole
(Fig. 12/F). At particular rims of magnesio-
hornblende  actinolite  and  ferro-actinolite
crystallized.

Bulk chemistry data of the raw materials and
formerly studied polished stone implements were

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

Sida (2014):
Q Krkono$e Jizera Massive metabasite
Qs Krkonose Jizera Massive metatuffite
() Krkonose Jizera Upy-valley metabasite

O Zelezny Brod (Klominsky et al. 2004)
BD 27m O Contact metabasite implements (Péterdi 2011)
BD 28 O Zelezny Brod (Péterdi 2011)

kontakt metabazit

g kéeszk6zok kozet-
kémiai eredményei
AFM diagramon (Irvine
& Baragar 1971) abra-
zolva, Osszevetve a
Herman Ott6 Mizeum
gylijteményébe tartozo,
korabban vizsgalt
kéeszkdzokkel
(Kereskényi et al. 2018)
és a terepi mintakkal
(Sida 2014,

Klominsky et al. 2004,
Péterdi 2011).

compared to the recently studied Baradla tools.
Subalkaline and mainly basaltic characteristic
describes the geological and other archaeological
samples in the TAS diagram (Fig. 10.).

Interpreting the data on the AFM diagram, tholeiitic
affinity is the dominant feature both of the polished
stone tools and the raw materials (Fig. 11.).

According to the mineralogical, petrological
observations and the previously published
archacometric data (Péterdi 2011, Kereskényi
2021), submitted that four contact metabasite
polished stone tools occurring in Baradla Cave
originate from the Krkonose Jizera Massif, Zelezny
Brod area, while the raw material of the
1951.101.10. sample derived from the closer
Zelesice area (Fig. 13.).
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A

BSE
02:11.2021 HV: 20 kV* WD:/11.0191 mm

1951.101.10.

f B - Mag: 200x
09.032072 HV:20 kV = S WD: 11:006 mm = 100:Hm=

Fig. 12.: Macroscopic (A) and SEM-BSE image of 53.55.1. polished implement, radially oriented acicular
amphiboles in contact metabasite, cummingtonite crystallized at the rim of magnesio-hornblende. Macroscopic
(C) and SEM-BSE image (D) of BD27 implement; at the rim of magnesio-ferri-hornblende, cummingtonite and
its Fe-rich counterpart, grunerite can be observed. Macroscopic (E) and SEM-BSE image (F) of 1951.101.10.
sample; radially oriented magnesio-hornblende and large magnetite grains are observed in the 1951.101.10.,
indicating a Zelegice type of contact metabasite.

12. abra: Makroszkopos (A) és SEM-BSE kép az 53.55.1. jelti csiszolt kdeszkdzrdl. Radialisan orintalt
amfibolok kontakt metabazitban, cummingtonit a magneziohornblende szegélyén. Makroszkopos (C) és SEM-
BSE kép a BD27 jelt csiszolt kéeszkdzrél. A magnezioferrihornblende szegélyén cummingtonit és annak
vasgazdag parja, a grinerit figyelhetd meg. Makroszkopos (E) és SEM-BSE kép (F) az 1951.101.10. jelii csiszolt
kbeszkozrdl. Radialisan szétsepriiz6dé magneziohornblende és nagy magnetit szemcsék, melyek a Zelesice-
tipust kontakt metabazitot valoszintisitik.
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" 7 Krkono$e-Jizera
_ M Massif

Greenschist-amphibolite

Three polished stone tools were sorted to the
greenschist-amphibolite rock type. The name is
indicated because only XRD analyses were carried
out of two implements therefore their textural
relations cannot be observed to determine the
precise lithotype.

Macroscopic description

1939.36.5. and 1984.9.1. are flat chisels
(Fig. 14/A), while 1998.1.26 is a semi-finished
artefact.

1939.36.5. sample is covered with a thick coating
originating the burial process, although in some
spots the greenish colour can be observed.
Magnetic susceptibility of 0.48*10°SI was
measured for this implement. 1984.9.1. is very fine-
grained, black coloured, and having a higher
magnetic susceptibility of 7.20%107 SI.

1998.1.26. implement has white and green foliation
bands in the texture; its magnetic susceptibility is
0.42*103 SI.

Bulk  chemistry of  greenschist-amphibolite
implements

Bulk compositional data of the greenschist-
ampbhibolite implements are listed in App. Table 7.
The tools are characterized by a narrow SiO;
content interval ranging from 46.20 to 48.07 wt%.

Representing the data in a TAS diagram, the
analysed samples plot in the basalt field having
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Fig. 13.:

Contact metabasite
derived as a long-
distance raw material
from the Krkonose Jizera
Massif and Zelesice to
the Baradla Cave.

13. abra:

A kontakt metabazit
tavoli nyersanyagként
érkezett a Baradla-
barlanghoz, ugyanis a
forrastertilet Krkonose
Jizera Masszivum, illetve
Zelesice kornyéke.

subalkaline characteristics, since the Na,O + KO
content varies between 3.03 and 3.24 wt%
(Fig. 15.). In the AFM diagram most of the samples
show tholeiitic affinity (Fig. 16.).

Petrography and mineral chemistry of 1984.9.1.
greenschist

40-120 pm actinolite and magnesio-hornblende
with low Al content (App. Table5.) were
described from the sample as rock-forming
amphiboles. The plagioclases correspond to albite
(Ango1-407). Epidote, clinozoisite, clinochlore are
observed in large amount representing the
greenschist metamorphic facies. The stone
implement contains titanite and cc. 300 pm
magnetite grains as accessory phases (Fig. 14/B).
These large magnetite grains cause the high
magnetic susceptibility value of the tool.

XRD analyses

Only XRD analyses were accomplished both on
1998.1.26. and 1939.36.5. inventory numbered
implements, because of their large size, do not fit
into the sample chamber of the electron
microscope.

Actinolite, albite, epidote and quartz were recorded
from the 1998.1.26. sample (Fig.17.), while
magnesio-hornblende, chlorite, albite, andesine,
quartz, illite and gypsum phases were detected from
1939.36.5. implement (Fig. 18.). Illite and gypsum
may have deposited to the surface during the burial
process, as a thick coating on it; although illite may
have come from the weathering of feldspars either.
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1984.9.1.

: L § ;
— 23.03.2022 HV: 20 KV WD:10.9802 mm

Fig. 14.: Macroscopic picture (A) and SEM-BSE image (B) of 1984.9.1. greenschist-amphibolite implement.
14. abra: Makroszkopos (A) és SEM-BSE kép (B) az 1984.9.1. jelii zoldpala-amfibolit csiszolt kdeszkozrol.

16

1 Phonolite

-~ 12
S Tanhr it
S P ephriphonolit
2 Foidite Trachyte
& 10 Trachydacite
:_E" Trachy- Rhyolite

8 . andesite
% Tephrite P
< . Basanite

4 | |

=, Basaltic | Andesite Dacite
2 ar i
basali “ idesite
0
36 41 46 51 56 61 66 71 76
® 1939.36.5 MNM SiO, (wt%)
® 1984.9.1 MNM | | Amphibolite polished stone implements from the Herman Otté Museum
1998.1.26 MNM M Greenschist polished stone implements from the Herman Otté Museum
Possible provenance fields of amphibolites: Possible provenance fields of greenschist:
Bajanik & Hovorka 1981: Szakmany & Kasztovszky 2004:
() Amphibolites, Gemericum O Greenschist from Felsécsatar, West Hungary

Faryad et al. 2005:
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LAC Velk'y Zeleny stream, Veporicum

O LAC Ziarska dolina, High Tatras, Tatricum
Ivan et al. 2001:
o Little Carpathians, Tatricum

Fig. 15.: Greenschist-amphibolite implements from the Baradla Cave compared to the implements from the
collection of the Herman Ott6 Museum and the possible provenances plotted in the Total Alkali-Silica (TAS)
diagram (Le Bas et al. 1986).

15. abra: A Baradla-barlangb6l el6keriilt zoldpala-amfibolit kdeszk6zok kozetkémiai eredményei TAS
diagramon (Le Bas et al. 1986) abrazolva, Osszevetve a Herman Ott6 Muzeum zoldpala-amfibolit csiszolt
kéeszkdzeivel és a lehetséges forrasteriilet adataival.
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2Theta (Coupled TwoTheta/Theta) WL=1.54060

Fig. 17.: XRD pattern of 1998.1.26. greenschist-amphibolite tool.
17. abra: 1998.1.26. jeli zoldpala-amfibolit kéeszkoz XRD felvétele.
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Fig. 16.:

AFM diagram of the
investigated greenschist-
amphibolite implements

of the Baradla Cave
compared to the
implements from the
collection of Herman
Ott6 Museum and their
possible field localities
plotted in AFM (Irvine
& Baragar 1971)
diagram. A = alkali
(Na20 + K;0), F = FeO
(total), M = MgO. IAT
= island arc tholeiite,

MORB = mid-ocean

ridge basalt.

16. abra:

A Baradla-barlangbol
elékertilt zoldpala-
amfibolit kéeszkdzok
kézetkémiai eredményei
AFM diagramon (Irvine
& Baragar 1971)
abrazolva, 0sszevetve a
Herman Ott6 Mzeum
zbldpala-amfibolit
csiszolt kéeszkozeivel
és a lehetséges
forrastertilet adataival.
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PDF 72-1245 Na(AISi308) Albite low
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PDF 45-1371 Ca2(Mg,Fe+2)4AlI(Si7Al)O22(0OH,F)2 Magnesiohornblende, ferroan
PDF 29-0701 (Mg,Fe)6(Si,A)4010(OH)8 Clinochlore-1M#I#l#b, ferroan

PDF 46-1045 SiO2 Quartz, syn

PDF 09-0466 NaAISi308 Albite, ordered

PDF 79-1148 Na.499Ca.491(Al1.488Si2.50608) Andesine

PDF 33-0311 CaS04:2H20 Gypsum, syn
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Fig. 18.: XRD pattern of 1939.36.5. greenschist-amphibolite implement.
18. abra: 1939.36.5. jelii zoldpala-amfibolit kéeszkoz XRD felvétele.

Possible provenance of amphibolite-greenschist
implements

Amphibolite and greenschist is a very common raw
material of polished stone tools in the northern part
of Carpathian basin in the Neolithic era (Hovorka et
al. 2001, Meéres et al. 2001, Prichystal 2013,
Kereskényi et al. 2020). In addition, many
geological amphibolite and greenschist outcrops
expose in large amounts in the Western Carpathians
(e.g. Plasienka et al. 1997). Distinguishing them on
the base of main elemental bulk chemistry is
challenging because those overlap both at the TAS
and AFM diagrams (Figs. 15., 16.).

Since only X-ray diffraction analyses were
performed on two stone tools, only the greenschist-
amphibolite rock group can be laid down from the
mineral chemistry and the macroscopic appearance.

Greenstones and amphibolites with high magnetite
content were described from the Little Carpathians
(lvan et al. 2001) and the Slovak Ore Mountains
(Faryad & Peterec 1987). Therefore, the raw
material of the 1984.9.1. polished stone tool might
originate from these territories.

In formerly studied amphibolite polished stone
tools, thermobarometric estimations helped to
identify possible provenance (Kereskényi et al.
2020) but due to the limitations of non-destructive
methods, the metamorphic evolution cannot be
reconstructed from the data obtained, so we do not
attempt a more definite provenance identification.

Other rock types

This chapter involves those rock types which are
difficult to be determined for more reasons. The
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non-destructive methods are not sufficient enough
to collect mineralogical and petrological data or the
number of such artefacts is low in Hungary or those
are widespread lithotypes with plentiful possible
source areas.

Serpentinite

A very fine-grained, black coloured, 1948.37.37.
inventory numbered flat chisel (Fig. 19/A) with
typical high magnetic susceptibility value (MS:
52.71*10°2 SI) was identified as serpentinite.

The bulk rock chemistry provided by PGAA reveal
low SiO, high MgO and significant H.O content,
which refers to an ultrabasic rock (App. Table 7.).

Presence of massive fibrous serpentine minerals
and cc. 20-300 um magnetite grains were observed
in the BSE images (Fig. 19/B).

Serpentinite is a rare rock type; as only four of the
cc. 500 polished stone tools of the Herman Otto
Museum were found to be serpentinite. This
observation is also supported by previous archaeo-
metric studies in Hungary, in which serpentinite
stone implements are mainly concentrated in the
Transdanubian region and only a small number of
them appear in archaeological collections
(Szakmany 2009, Péterdi 2011).

At the surroundings of the Carpathian Basin there
are several significant occurrences of serpentinites:
Eastern Alps, Sowie Gory, Czech Massif, Vardar
Belt, and around Dobsind (Szakmany 2009).
Although Dobsina (Slovakia) is the closest
serpentinite outcrop to the Baradla Cave, because of
its rock quality, previously it has been excluded as a
possible source (Hovorka & Illasova 1995).
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The small number of serpentinite stone tools
suggests that it is not a widespread rock type,
probably the low hardness of serpentinite limited its
suitability for polishing stone implements. Due to
this fact and the scarcity of archaeometric data, the
archaeometric processing of serpentinite as a raw
material type is still in its initial phase. Comparison
of mineralogical and petrological data to possible
source areas at this stage of the research is not yet
possible.

Sandstone hoe

A large, slightly curved implement with 1911.21.28
inventory number is named hoe in the inventory
book of the Hungarian National Museum. One end
is flattened, while the other is oval. The oval end
must have been used for hoeing, with a shard of use
that broken off (Fig. 20.).

Macroscopically the hoe has brown colour, only
quartz crystals can be recognized by naked eye. The
magnetic susceptibility is low: 0.06*10 Sl.

PGAA bulk rock chemistry shows high SiO, values
with 84.41 wt%, moreover large concentration of
Al,O3 also occurs (App. Table 7.).

The mineral phases detected by XRD are quartz,
albite, calcite and gypsum (Fig. 20.). The latter two

09.03.2022
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mineral phases may have been deposited on the
stone tool during the burial process.

The macroscopic appearance and  mineral
composition suggest a sandstone lithotype. Several
sandstone excavations and quarries are known in
Northeast Hungary, Slovakia and Ukraine close to
the archaeological site. At present, based on the
mineralogical and petrological data, identification
of the source area is impossible in the absence of a
diagnostic mineral.

Limestone white handstone

1929.64.75. inventory numbered white handstone
(Fig. 21.) which was denominated from the
inventory book of the Hungarian National Museum
coming from a 1929 excavation, the precise
archaeological locality is not mentioned, but three
localities from the Baradla Cave (Bat branch, Fox
branch or Bone hall) are listed in the inventory
book. Magnetic susceptibility is 0.00.

The major chemical composition of the stone tool is
5255wt% CaO and 47.26 wt% CO. (App.
Table 7.). In the implement the only phase is
calcite recorded by XRD (Fig. 21.).

The host rock of the Cave covers three limestone
formations and a precise identification might be
performed by palaeontological studies.

Fig. 19.: Macroscopic (A) and SEM-BSE image (B) of 1948.37.37. serpentinite implement. Masses of fibrous

serpentine bundles with magnetite.

19. 4bra: Makroszkdpos (A) és SEM-BSE (B) kép az 1948.37.37. jelii szerpentinit csiszolt kéeszkozrél. A

szerpentinkotegek tomegesen jelennek meg magnetittel.
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Fig. 20.: Macroscopic image and XRD pattern of 1911.21.28. sandstone implement.
20. abra: Az 1911.21.28. jelii homokkd nyersanyagu kéeszkoz makroszkopos képe és XRD felvétele.
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Fig. 21.: Macroscopic image and XRD pattern of 1929.64.75. limestone implement.
21. abra: Az 1929.64.75. jelti mészk6 kéeszk6z makroszkopos képe és XRD felvétele.
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Fig. 22.: Macroscopic image and XRD pattern of 1929.64.63. basalt stone implement.
22. abra: Az 1929.64.63. jelii bazalt nyersanyagl kéeszk6z makroszkopos képe és XRD felvétele.

Hence SEM-EDS investigation is needed to get

Basalt polished stone tool more information about the rock forming minerals

1929.64.63. inventory numbered, a larger flat and textural relations to compare to possible raw
polished stone implement (Fig. 22.) originating also materials.

from the 1929 excavation with the same three .

possible localities as in the case of the previously Conclusion

mentioned artefact. 20 polished stone implements were analysed with

The surface of the stone axe shows traces of red non-destructive methods from the Baradla Cave.
staining, otherwise it is fine-grained, its magnetic Summarizing the results, blueschist is the most
susceptibility is 12.71*10° SI. According to the abundant lithotype, which is already well-known
bulk rock chemistry data it plots to the trachybasalt raw material in the archaeological collections of
field in the TAS diagram (App. Table 7.). North Hungary. Its provenance can be found

nearby, in Borka Nappe (Southeast Slovakia), in

XRD analysis confirmed the presence of goethite 30-50 km distance from the archaeological locality.

and hematite which cause the red colour of the

surface. In addition, diopside, labradorite and The second common rock-type is the contact
titanomagnetite have been detected in the metabasite, a mechanically well-behaving lithotype,
implement (Fig. 22.). which was widespread in the Neolithic Central

Europe. The long-distance raw materials are
originated from Zeledice and Krknose Jizera
Crytalline Unit, near Zelezny Brod, Czech Massif,
Fiiri et al. (2004) made suggestions for meaning about 500 km trade route to the
differentiation of basalts. The Baradla basalt archaeological locality.

implement does not correspond to any Hungarian Three implements were sorted to the greenschist-

basalts investigated by Firi et al. (2004) by amphibolite rock-type. The applied original surface

cqmparing the Gq vs Sm and Nazole_O VS method of SEM-EDS, XRD and PGAA are not
TIO/ALOs data either. We assume that in the sufficient enough to provide relevant results to

strongly altered basalt alkali might have mobilised, determine precise provenance of greenstones. In a

Na de;ﬁle:ed, IQINhgiKﬂg f preserved which can previous paper, thermobarometry was additionally
cause the fow NaxL/iRe0 raio. applied to constrict the provenance of the

The mineral association and the geochemical data
suggest basalt rock-type.

The fact of red staining on the surface of the tool, greenstone implements which resulted to
and the presence of hematite and goethite yielded determination of different parts of the Western
by the XRD may influence the Fe,O; content, Carpathians (Kereskényi et al. 2020, Kereskényi
therefore comparing the bulk chemistry to other 2021). In the case of 1984.9.1. polished stone tool,
basalt data should be treated with caution. significant magnetite content was observed,

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)
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therefore the Little Carpathians (lvan et al. 2001) or
the Slovak Ore Mountains (Faryad & Peterec 1987)
might be concerned as a source area, meaning a
nearby provenance field.

A few pieces of archaecometrically not well-
processed lithotypes (serpentinite, sandstone,
limestone, basalt) were identified from the Baradla
Cave. Furthermore, the approximate cultural period
of the latter three stone implements is also
questionable, because their shapes deviate from the
other flat implements. On the basis of the limited
information available, no precise source area can be
determined, and further exploration is recom-
mended both on the archaeological finds and
possible raw materials.

Mineral abbreviations applied in the paper: Ab:
albite, Act: actinolite, An: anorthite, Aug: augite,
Bar: barroisite, Bs: blueschist, Byt: bytownite, Chl:
chlorite, Cm: contact metabasite, Cum:
cummingtonite, Czo: clinozoisite, Ep: epidote, F-
win: ferro-winchite, F3-win: ferri-winchite, Fgin:
ferro-glaucophane, GIn:  glaucophane, Gru:
grunerite, Gp: gypsum, Ilm: ilmenite, Lab:
labradorite, Mg-hb: magnesio-hornblende, Mg-f-
hb: magnesio-ferri-hornblende, Mgt: magnetite,
Omp: omphacite, Ph: phengite, Py: pyrite, Qtz:
quartz, Srp: serpentinite, Ttn: titanite, Win:
winchite.
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