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Prehistoric exploitation of limnosilicites
in Northern Hungary:
Problems and perspectives

Zsolt Mester” and Norbert Faragé®

Limnosilicites constitute a specific group of siliceous rocks originating in freshwater limnic (lake)
environments. They are very common in the north Hungarian Range, due to the complicated plate
tectonic movements building up the Carpathians and the related Tertiary volcanism. Because the
local conditions were quite dynamic during their formations, limnosilicites show great petrographic
variability. The archaeological record of northern Hungary idocuments that these siliceous rocks have
been used by prehistoric human groups as raw materials for tool production. The identification of
the provenience of raw materials is a very important but difficult task in most of the cases. More
petroarchacological investigations are needed to complement the good results obtained in the Tokaj
Mountains, and even more work is required in the Cserhdt, Mdtra and Biikk mountains where
systematic field surveys are lacking.

To better understand the procurement strategies and technical behaviour of prehistoric groups
inhabiting the region, it is indispensable to have a comprehensive knowledge of potential raw mate-
rials and their sources. Geological maps and local geographical names could help to discover them
during field surveys. Because intensive erosional processes have affected the foothill regions of the
North Hungarian Range during the Pleistocene and the Early Holocene, geomorphologic studies
are also crucial for estimating the accessibility of the limnosilicite sources.

KEY-WORDS: siliceous rocks, post-volcanic hydrothermal origin, lithic raw material sources,
procurement strategy, Carpathian basin

INTRODUCTION

Twenty-one years ago, volume 33 of Archaeologia Polona published a series of papers
as an appendix to the Bochum catalogue of prehistoric flint mines in Europe. Among
them the Hungarian flint sources were summarized (Bdcskay 19952, 1995b, 1995,
1995d, 1995¢, 1995f, 1995g; Bird 1995; Simdn 1995b). This publication represents the
end of a period that began twenty years earlier (Bdcskay 1981), during which intensive
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archaeological field work was carried out by Erzsébet Bicskay, Katalin T. Biré and
Katalin Simdn to study prehistoric flint mines and exploitation sites in Hungary. The
signal event of this flourishing research period was the Budapest—Siimeg Conference
in 1986 devoted to flint mining and lithic raw material identification (Bird 1986, 1987).
The raw material samples collected from participants during the conference formed
the base of the Lithotheca at the Hungarian National Museum (Biré and Dobosi
1991; Bird ez al., 2000). Unfortunately, field investigations centered on evidence for
prehistoric raw material exploitations nearly ceased in late 1990s due to unfavourable
research conditions and raw materials research shifted to analytical provenience studies
and related archaeometry (Bir6 2004).

As it is demonstrated by the site list in the abovementioned catalogue in Archaeo-
logia Polona, field investigations were conducted mainly the western part of Hungary.
Eight from the twelve sites are located in the Transdanubian Range, where the raw
materials exploited were different radiolarites or radiolarian cherts of Mesozoic age.
These kind of raw materials are almost exclusive in Transdanubia, while a wider range
of siliceous rocks are known from the north Hungarian Range in the eastern part of
the country (Bird 1985, 1988). This latter condition is the result of different volcanic
activities occurring within the more complicated geological history of the inner part
of the Carpathian arch, including territories in Slovakia, Transcarpathian Ukraine,
and Romania (Harangi 2001; Harangi and Lenkey 2007). Different limnosilicites are
of primary importance in these regions (Misik 1969, 1975; Cheben and IlldSovd 2002;
Kaminskd 2013; R4cz 2013; Crandell 2014).

LIMNOSILICITES: A SPECIFIC GROUP OF SILICEOUS ROCKS

Antonin Prichystal (2010: 180) defined limnic silicites as a ‘variety of silicite originating
in freshwater limnic (lake) environment. The presence of plant relics is a typical sign for their
determination.’ Ptichystal proposed the term as a possible solution for a never-ending
terminological debate (Pfichystal 2013: 48—50), but the term of limnosilicite (or limnic
silicite) is not yet common in Hungarian archaeological literature although Slovakian
scholars have introduced it in theirs (e.g. Kaminskd 2013 vs 2001).

Here we intend to bring this term into use in Hungarian prehistoric research. Until
recently Hungarian scholars used the terms of hydroquartzite and limnoquartzite (or
limnic quartzite) for identifying raw materials of post volcanic hydrothermal origins
in the archaeological record (e.g. Dobosi 1978; Simdn 1986; Bir6 1998, 2010). In dis-
cussing the great variability of this group of raw materials, Bird (1998: 34) wrote that:
‘its macroscopic features can be most varied even within a single source while different
macroscopically similar types can be found at several localities within Hungary”. These raw
materials dominate in the lithic materials of the majority of Palacolithic and Neolithic
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sites locating to the east of the Danube River (Table 1; Fig. 1), but very little is known
about their petrography and geology. At least, there are few publications on this topic
(Bird et al., 1984; Szekszérdi et al., 2010).

Fig. 1. Geological formations containing ‘limnic quartzites’ in the Northern Hungarian Range (Budai
and Gyalog 2009), and selected Palacolithic (MP/UP and UP) and Neolithic (MN and LN) sites with
important ratios of limnosilicites in the lithic assemblages (see Table 1). The selected formations are
marked with dark grey, as well as the ratio of the ‘limnic quartzite’ within each pie chart. The size of
each chart indicates the extent of the given assemblage. 1 — Acsa, Pest dist.; 2 — Andornakrdlya, Heves
dist.; 3 — Arka, Borsod-Abatj-Zemplén dist.; 4 — Aszdd, Pest dist.; 5 — Bodrogkeresztur, Borsod-Aba-
Uj-Zemplén dist.; 6 — Boldogkdviralja, Borsod-Abatj-Zemplén dist.; 7 — Eger-K8poros, Heves dist.;
8 — Fiizesabony, Heves dist.; 9 — Hidasnémeti, Borsod-Abatj-Zemplén dist.; 10 — Jdszfels8szentgyorgy,
Jasz-Nagykun-Szolnok dist.; 11 — Megyasz6, Borsod-Abatj-Zemplén dist.; 12 — Mezdkévesd, Bor-
sod-Abatj-Zemplén dist.; 13 — Nagyréde, Heves dist.; 14 — Polgdr-Csészhalom, Hajda-Bihar dist.;
15 — Piispokhatvan, Pest dist.; 16 — Szécsény, Négrad dist.; 17 — Szeleta Cave, Borsod-Abatj-Zemplén
dist.; 18 — Vanyarc, N6grdd dist. Graphics: N. Faragd.
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PETROGRAPHY OF LIMNOSILICITES: DISTINGUISHING AND IDENTIFYING

Petrographic characterizations of rocks found at Palaeolithic cave sites first appeared
around the beginning of the 20th century (Kadi¢ 1916; Vendl 1933, 1940). The rock
types which currently are attributed to the group of limnosilicites were then described
as quartzites, chalcedonies, chalcedony-opals, etc., according to characteristics observed
in thin sections. The original geological context of the given siliceous rock was rarely
taken into account during these determinations. However, this context should be
essential for applying Prichystal’s definition because until now, only two examples of
combined geological and petrographical investigations on limnosilicites have been
undertaken in Hungary — one in the Avas Hill in Miskolc (Hartai and Szakéll 2005),
the other in the Tokaj Mountains (Szekszdrdi ez al., 2010).

Problem of the limnosilicites of the Avas Hill in Miskolc

The Avas Hill in the centre of Miskolc (Northeast-Hungary) was well-known for ‘flints’
since the Middle Ages — even a workshop for producing gunflints operated in the town
(Simdn 1995b: 382). Investigations related to limnosilicite outcrops have been made
at two localities on the hill about 500 m distant from one another: at Pergola on the
northern edge of the plateau (Simdn 1995b) and at Tlizkdves on the northeastern slope
of the hill (Ringer 2003; Fig. 2).

According to Katalin Simdn’s observations (1995b: 375), the geological sequence
at Pergola consists of three layers of andesite tuff separated by marl and sandy marl
layers. Only the two lower layers evidence hydrothermal activities containing ‘hyd-
roquartzite’. Referring to Simdn’s publication, Pfichystal (2013: 132-133) characterizes
this raw material as a geyserite originating from thermal spring activity cropping out
as lenses in the Tertiary rhyolite tuffs and marlstones. Using samples found at Karel
Zebera’s collection for analyses under stereomicroscope and in thin section, Prichystal
describes this silicite as being smudged to banded rocks, of light brown to reddish
colours, presenting small cavities (up to 1.5 cm) filled by chalcedony or fine crystal-
lized quartz. No microfossils have been detected in the samples, which reinforces the
determination as geyserite.

The geological situation at Ttizkoves was studied by Eva Hartai and Sandor Szakll
(2005). The geological sequence seems to be more complicated than described at
Pergola. The main mass of the hill is composed of andesitic and rhyolitic pyroclasts
of Badenian-Sarmatian age (Middle and Late Miocene). In the deeper sections of the
formation rhyolitic tuffs are characteristic, and above these tuffs andesitic pyroclasts
and sedimentary layers form a sequence built up of highly variable layers. In its upper
portion travertine layers and limnic silica beds and lenses occur. Due to volcanic activi-
ties there are silica-containing layers within the travertine where silica replaced calcite:
the solution of vitric volcanic ash in the lacustrine environment acidified the water
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Fig. 2. Limnosilicites of the Avas Hill in Miskolc: 1 — from Tlizkdves locality; 2 — from Pergola locality.
Photos: N. Faragé, microphotos: Zs. Mester, magnification 10x and 12.5x respectively.
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and promoted the precipitation of silica. Therefore, with further volcanic activity, pure
silica layers could form. The characterization of this ‘limnoquartzite’ by microscopy
is very similar to the abovementioned one published by Prichystal (colours, infillings
by chalcedony, absence of microfossiles), the main difference being the presence of
opal-CT among the microcrystalline silicate minerals.

We cannot resolve the question of whether these differences demonstrate the vari-
ability of this silicite or if they suggest the existence of different conditions of formation
(springs and lake). On the one hand, further field investigations are needed to verify
the geological situation at Pergola and to check the possibility of lacustrine environ-
ment. On the other hand, a thorough selection of more variants from both localities
with detailed petrographic analyses should clarify the degree of the variability of this
raw material. Regardless, this case study provides a good illustration of our problems
from the petroarchaeological point of view. Even though both descriptions noted the
absence of the microfossils which could lead us to the determination of geyserite for
both localities, the lacustrine environment is strongly supported by geological survey
at Tuzkoves. Therefore, it seems reasonable for archaeological purposes to consider the
group of limnosilicites more broadly than Pfichystal’s strict definition.

Problem of the limnosilicites of the Tokaj Mountains
The formation of the Tokaj Mountains was related to the history of the Pannon-Sea
in the Neogene, featuring a series of volcanic activities from the Badenian to Pan-
nonian periods. Due to tectonic ascension and sediment in-filling from neighboring
Carpathian regions, lagoons and lakes developed at the northeastern part of the basin
(Hdmor 2001). Rocks building up the Tokaj Mountains originate from the Neogene
volcanism between 15 and 9 million years ago (Gyarmati 1977). Related postvolcanic
hydrothermal activities caused the formation of limnosilicites in the lacustrine envi-
ronments in Late Badenian and Sarmatian periods (Szekszdrdi 2005; Szekszdrdi e al.,
2010). A comprehensive study of limnic siliceous rocks within five lacustrine basins
from the Tokaj Mountains (Szekszardi ez al., 2010: Fig. 1) has been performed by dif-
ferent analytical methods for petroarchaeological purposes (Szekszdrdi 2007).
According to the published data (Szekszardi er a/., 2010), the classification based
on macroscopic differences was not always correlated with microscopic characteristics.
In the southern part of the mountains, at the Ritka—M4d area, limnosilicites occur in
three levels which are macroscopically different. The uppermost level yielded grey-blue
colored rocks rich in plant fossils, showing microcracks in thin section. Limnosilicites
from the middle level are yellowish or light brown with dark brown or blackish bands,
due to the presence of organic matters and limonite, without fossils and microcracks.
A special variant from this level is the so-called stone-marrow which was formed prob-
ably in a transition zone by the silicification of a fine-grained clayey sediment. In thin
section, it consists of isotropic opal. Fifteen km to the northeast, at the Erdébénye
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area, siliceous rocks are quite uniform. Opals and limnoopals dominate, and fossils
are extremely rarely. The uniformity is especially evident in thin sections. Twenty more
km to the northwest, at the Arka—Korldt area, limnosilicites are brownish, sometimes
translucent, in color with a white patina, and they contain a significant amount of
fossils. In thin section, they are highly variabile due to differences in the degree of
silicification of plant fossils, as well as to the presence of chalcedony filling cracks and
places of fossils. Ten km to the east of this locality, at the Ohuta area, limnosilicites
form two distinct groups according to the presence of fossils: one is rich, the other
is poor. As might be expected, the groups have very different thin sections. At the
northern part of the mountains, the Gonc—Telkibdnya area shows the highest vari-
ability, both macroscopically and in thin section. No special features occur, but some
variants are very similar to the limnoopals of the Erd6bénye area.

Our field survey observations (Mester and Faragd 2013) made it abundantly clear
that one can observe variability in texture and color even within blocks. At the Kor-
ldt—Arka area, we collected samples showing a combination of three different charac-
teristics (Fig. 3): translucent, silica gel-like appearance; light brown and opaque part;
white opal or opalized component. Very often, there are intergradations from one to
another, suggesting that, in the absence of this knowledge, the knapped items found
in archaeological sites could misakenly be interpreted as coming from different varie-
ties of limnosilicites.

0 5cm

Fig. 3. 1 - Block of limnosilicite with different macroscopic appearance from Korldt—Arka area;
2 — Blade core made of similar raw material from the Boldogkdviralja site. Photo: N. Farago.
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GEOLOGY OF LIMNOSILICITES: DISCOVERING AND CHARACTERIZING
THE SOURCES

Many of the known outcrops of the limnosilicites in northern Hungary have been
discovered by chance during field work by geologists, palacontologists, archaeolo-
gists, and other professionals (e.g. Csongrddi-Balogh and Dobosi 1995; Marké 2005),
including information from private collectors. Systematic field prospection for raw
material outcrops has been rare, one of the few examples being the abovementioned
investigation in the Tokaj Mountains (Szekszdrdi e 4l., 2010).

The survey for sources of limnosilicites should be systematized using geological
maps (Mester and Faragé 2013). Geological formations (e.g. Erdébénye, Sajévélgy
and Szurdokptispdki formations of the Miocene — Budai and Gyalog 2009) need to
be field checked when limnic quartzite is mentioned by their descriptions (Fig. 1).
The siliceous material in the embedding rock may sometimes appear to be very low
quality for knapping, although macroscopically identical raw material is known in
prehistoric toolkits. In addition as we have discovered, lack of obvious macroscopic
similarity is not necessarily definitive, because better quality nodules from the same
formation can sometimes be found in nearby eroded material, which is why surveying
stream beds or river valley slopes can be fruitful (Mester and Faragd 2013). A recently
developed method in sedimentary petrography, the fine-grained pebble examination
(FPE), allows us to determine the geological background of a sedimentary sequence
by examining the mineralogy and petrology of debris eroded from the source area
(Bradak ez al., 2014: 123-124). The method consists of a thorough selection of all types
of rock pebbles on the sampling place from a fluvial deposit, followed by microscopic
analysis of a thin section made on the artificial conglomerate of the selected small
pebbles (2—2.5 mm). In this way, it is possible to discover siliceous rocks, including
limnosilicites, which do not have outcrops now in the study area.

Another possibility is to check localities having a local geographic name with the
reference ‘flint’ or ‘silex’ (in Hungarian: ‘tizkd” and ‘kova). In northern Hungary, the
referred materials are very often in fact limnosilicites or different silicified materials of
metasomatic origin. On the Great Hungarian Plain (Alf6ld), these geographic names
mainly refer to prehistoric (tell) settlements, but several times during our field surveys,
such places actually proved to be Quaternary formations with redeposited sediments
containing blocks of siliceous rocks.

From an archaeological point of view, it is also very important to characterize the
sources. We use the classification published by Alain Turq (2000, 2005): 1 — primary
autochthonous source: in the original context of the formation (embedded in the par-
ent rock); 2 — secondary autochthonous source: extracted by erosion and accumulated
in the vicinity of the original primary autochthonous source (in a slope deposit or
in a stream bed); 3 — sub-allochthonous or residual source: in new geological con-
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text resulted of transformation and re-deposition by weathering (in a weathered and
decayed rock or colluvium); 4 — allochthonous or exotic source: the eroded and/or
accumulated raw material had been transported long distances by water courses and
deposited with fluvial sediments. We find these categories very useful for archaeological
purposes because they correlate with types of accessibility and possibilities for human
exploitation.

ARCHAEOLOGY OF LIMNOSILICITES: ACCESSIBILITY AND EXPLOITATION

For a better understanding of the behavior of prehistoric human groups, it is important
to approach their archaeological remains as being the imprints of their past activities.
Among these activities, humans transform natural resources to create artifacts using
objects and the human body (Lemonnier 1991). All the related elements — i.e. the
material to transform, the used objects, the processes of the transformation, and the
necessary knowledge and skills — are components. These components — together with
the relations and interactions between them — constitute the technical system of a given
human group or society (Lemonnier 1983, 1991, 2010). This theoretical framework
allows us to study past human technical activities in their complexity.

Raw material procurement constitutes one of the subsystems of the technical
system of each human group. By technological analysis of the lithic assemblage, we
are able to recognize strategies applied for the acquisition, the treatment, and the
economy of the raw materials (Binder and Perlés 1990; Perlés 1990; Montet-White and
Holen 1991; Féblot-Augustins 1997). The procurement strategies are determined by the
conditions of the natural and cultural environment, which influence the accessibility
and the modes of exploitation of raw material sources.

The cultural environment of the group consists of its technical traditions and its
relations to other groups. Its effects could be evaluated by analysing archaeological
data on local, regional or extraregional level, and confronting them eventually with
anthropological models (Andrefsky 1994; Lech 2003; Whallon 2006; Mester and
Kozlowski 2014).

The effects of the natural environment are much more important for understand-
ing the role limnosilicites have played in raw material procurement and economy
of prehistoric human groups. A series of factors have to be taken into consideration
in relation to human technical behaviour (Tixier 2012: 80—84). The size, form and
quantity of the lithic resource must be estimated by observations made in the field at
potential sources, while the suitability of the material for tool production has to be
evaluated by experimentation (Lengyel 2013). For studying accessibility it is crucial
to keep in mind that the landscape might have been changed since the period in
question. Geomorphological processes could result in the complete covering of raw
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material sources which were on the surface several millennia ago. For example, during
our field survey near Mdd in the Tokaj Mountains, we found a layer of limnosilicite
blocks, seemingly in eroded and redeposited position, at the bottom of a dirt road
which cut between two wineyards (Fig. 4). Despite cultivation, the wineyard areas did
not yield any limnosilicites but limnosilicates were encountered about 1 m below the
actual surface. Because the foothills of the northern Hungarian Range were affected
by intensive erosional processes during the Final Pleistocene and Early Holocene
(Pinczés et al., 1993; Kardtson 2006), raw material sources might be covered or even
uncovered in the region.

The exploitation of raw material sources can be executed in several ways — from
simple collecting on the surface to complex mining (Fober and Weisgerber 1981). There
is a close relation between the modes of exploitation and the previously mentioned
categories or types of raw material source. Allochtonous and secondary autochtonous
sources yield raw material blocks or pebbles directly on the surface or slightly embed-
ded in loose sediments. Acquiring raw materials from these sources does not require
significant energy investment for extracting but it could take time to find material
of appropriate quality (Mester ez al., 2012). As a consequence, it is almost impossible
to recognize and archaeologically document these forms of exploitation. In fortunate
cases, traces of testing the collected material could support arguments for such an
interpretation. Primary autochtonous and sub-allochtonous sources yield raw material
blocks or nodules embedded in the body of the geological formation. Acquiring them
necessitates extraction techniques or even mining, and these techniques have been
applied from the Middle Palaeolithic onwards (Vermeersch 2005). For limnosilicites
in northern Hungary, archaeological investigations document the existence of mines
operating with extraction pits, thought to be in use from the Middle Paleolithic to
the Neolithic or even the Bronze Age (Simdn 1986, 19953, 1995b, 1999). The main
archaeological problem of these mines is the chronological and cultural attributions.
Usually, extraction methods are not culturally specific and, if there are no mining tools
made from organic materials, radiometric dating is almost impossible. Diagnostic tools
are very rare in the lithic assemblages. The fact that the outcrops were exploited in
different periods, even in modern times, causes further difficulties for archaeological
interpretations. The same problems exist for extraction sites (Fig. 5).

CONCLUSIONS

Due to the complicated plate tectonic movements building up the Carpathians and related
Tertiary volcanism, limnosilicites are very common siliceous rocks in the territory of
northern Hungary. Geological formations containing ‘limnic quartzites’ were mapped in
the north Hungarian Range, mainly in the foothill regions. Based on what we know from
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Fig. 4. Limnosilicites blocks about 1 m under the actual surface, uncovered by a dirt road near Mdd

(Tokaj Mountains). Photo: N. Faragd.
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the archaeological record, these siliceous rocks have been used extensively by prehistoric
human groups as raw materials for tool production.

Because local geological conditions were varied and dynamic during their for-
mations, limnosilicites show great petrographic variability, accounting for why the
identification of the provenience of raw materials of artifacts in archaeological assem-
blages is a very difficult task in most of cases. Samples collected during field surveys
demonstrate that macroscopically different parts could be present within one block.
As a consequence, flakes or blades characterized as representing different variants of
limnosilicites in an archaeological assemblage might actually have originated from
the same block of raw material.

To achieve a better understanding the procurement strategies and technical behav-
iour of prehistoric groups inhabiting the region, it is indispensable to have a compre-
hensive knowledge about potential raw materials and their sources. Geological maps
and local geographic names could help to discover them during field surveys. We
believe that it is necessary to characterize the sources according to categories adopted
from French prehistoric research (Turq 2000, 2005) because these types of sources

Fig. 5. Limnosilicite extraction site at Gyongydstarjdn-Koves-tetd (Mdtra Mountains).

Photo: M. Gutay.
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correspond to types of exploitation methods for prehistoric humans. Geomorphologic
studies are also crucial for estimating onetime accessibility of the limnosilicite sources
due to the intensive erosional processes which have affected the foothill regions of the
north Hungarian Range during the Pleistocene and the Early Holocene. Finally, addi-
tional petroarchaeological investigations are needed to complement the good results
obtained in the Tokaj Mountains (Szekszdrdi ez al., 2010), and even more research
is needed in the Cserhdt, Mdtra and Biikk mountains where systematic field surveys
have not been completed.

There is much research yet to do on the archaeological, geological, and petrologic
problems of limnosilicites but, in the end, we will be better able to understand and
reconstruct past human behaviors related to raw material economy.
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