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Abstract

Primary natural occurrences of volcanic glass in the region of Eastern Slovakia are associated with other
products of silicic (rhyolite, rhyodacite) volcanism. This Upper Badenian to Lower Pannonian volcanism was a
part of the bimodal andesite/rhyolite volcanic activity. Products of the silicic volcanism occur as tuffs and
pumice tuffs, reworked epiclastic volcanic rocks, rare intrusions and dominantly as extrusive domes that
sometimes pass into short and thick lava flows. The volcanic glass associates with intrusive and extrusive forms
of silicic volcanism and occurs in massive as well as brecciated forms (e.g. in the type locality of Mernik), or as
perlite (Brezina, Bysta) and perlite with obsidian (Mala Bara, Vinicky). Rarely the volcanic glass can occur in
explosive forms of silicic volcanism (obsidian — Hermanovce, Velka Bara). Fragments of perlite with obsidian
and rare obsidian, occurring alone, are a part of reworked rhyolite/rhyodacite tuffs, epiclastic volcanic
sandstones and gravels, as well as epiclastic volcanic breccias, all occurring near the municipality of Streda nad
Bodrogom. In Quaternary deposits, obsidian occurs around the Cejkov and Brehov villages.

Kivonat

A vulkani tivegek természetes elofordulasa Kelet-Szlovakiaban a magas SiO; tartalmu (savanyu) vulkanizmussal
kapcsolhato dssze, ami a riolitos, riodacitos vulkanizmussal fiigg dssze. A Felsé Badeni idoszaktol az Also
Pannon idoszakig terjedo iddszakot bimodalis, andezites/riolitos vulkanossag jellemezte. A savanyu vulkanizmus
termékei a riolittufak és horzsakoves tufak, dthalmozott epiklasztos vulkani kozetek, ritkabban intruziok
formdjaban és uralkodoan mint extruziv kézettestek, amelyek idénként rovid és vaskos lavakdzetekbe mennek dat.
Az intruziv és extruziv savanyu vulkanitokhoz kapcsolodo vulkani iiveg témeges és breccsds formdban is
eléfordul (pl. Mernik tipus-lelohelyen),vagy mint perlit (Brezina, Bysta) és perlites obszidian (Mala Bara,
Vinicky). Ritkabban a vulkani tiveg a savanyu vulkanizmus exploziv formdjaban jelenik meg (obszidian —
Hermanovce, Velka Bara). Az obszidian darabokat tartalmazo perlit és ritkabban a magaban eldfordulo
obszidian részét keépezi az athalmozott riolit és riodacit tufiknak, egyiitt fordul el6 az epiklasztos vulkani
tormelékes kozeteknek és breccsaknak, amelyek Bodrogszerdahely kornyékén fordulnak elo. A negyedkori
tiledekekben, masodlagos helyzetben, obszidiant talalhatunk Cejkov és Brehov falvak kornyezetében is.
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Structural-volcanological scheme

of the Eastern Slovakian Neogene volcanics
(Compiled by Kalitiak, 1994; modified according to Kalitiak and Zec, 1995;
Bacsé et al., 1995a; Lexa and Koneény in Bato et al., 1998)

Iy
| |
||||IIIII“""{I'J,;Q"§ GERRs
o " -’I,
TR

JRN

[ —
g = |
Kosicky Klece r“s . o
GL[E":_& / Important autochtonous obsidian occurrences ( Q\.-
"\

\

A | Important perlite occurrences

I
“ Important-archaeological occurrences

| ~J &
| A Ry
: -,
Kz B ] QJ i) \
[ 4 6 8 10m e
[ =—_ ="
N
" Volcanics :
[ e coe | ,
Lower Bodenion rhyodacite extrusions [Z] tholoids

|:| Pl ol % ol el m thyolite-rhyodacite volcanocastics Java necks

g Mezozoic Complex Upper Badenian (undivided)

‘l]]]] Klppen bel D andesite lva flows andesite extrusions Monogenctic volcaoes

Paleogens sediments andese cmusions E rh“.”"""“'.m"‘ Neck (mainy) outside volcanic structures
|:’ Neogene sediments thyodacite carusions duce exusions Prosimal and distal facies of strasovolcano

shalow intrusive badies proximal lithofacies association
I:I rhyodacite volcanochstics of diorite porphyries ofsmmw]ranmur .
=T . medial-distal lithofacies association of stratovolcano
rhyolite extrusions andesite lava flows ' {undivided, coarse-grained volcanoclastics)
. . medial-distal lithofacies sssociation of stratovolcano
E| fauls Statovolcano with erode volcaric 11| {individed, fine-grined vecanochsics
with intrusions, sills, necks and dykes ) ) .
identification of stratovolcanaes and hydrothermally activity [:’ intravolcanic depressions
1 - Zltd Bafia 6~ Sokolsky potak effusive volcanic cone
2- Makovica 7 - Vihorlat
2:%;;:“#“ 3:?;]2;*”&0 effisive/explosive volcanic cone:
5 - Kyjov 10 - Poprictny

Fig. 1.: Natural obsidian and perlite occurrences in Eastern Slovakia, including the most important
archeological sites with obsidian industry. According Baco et al., 2017, Fig.4, p. 212. (structural-
volcanological scheme compiled by Kali¢iak (1994), modified by Kali¢iak & Zec (1995), Bacsé et al. (1995),
Lexa & Koneény in Baco et al. (1998).

1. abra: Természetes obszidian és perlit el6fordulasok Kelet-Szlovakiaban, a legfontosabb obszidian-kéiparral
rendelkez6 régészeti leléhelyek feltiintetésével. Baco et al., 2017, Fig. 4, p. 212. nyoman (a szerkezeti vazlatot
Kali¢iak (1994), llitotta ossze, majd a kovetkezd tanulmanyok alapjan modositottuk: Kali¢iak & Zec (1995),
Bacso et al. (1995), Lexa & Kone¢ny in Baco et al. (1998).
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Introduction

Occurrences of the volcanic glass in the Eastern
Slovakia are mainly associated with products of
acidic volcanism. It is a part of bimodal andesite-
rhyolite volcanism of the Late Badenian to Early
Pannonian age (Lexa & Kali¢iak, 2000; Pécskay et
al., 2006). Rhyolite and rhyodacite volcanism is
characterized by pyroclastic rocks in the form of
tuffs and pumice tuffs, in minor extent with
juvenile and lithic lapilli. Volcanic complex
contains also various forms of intrusive, but mainly
extrusive bodies with rare transition to lava flows.
Previous works about geological position of the
obsidian in the area of Eastern Slovakia provided
only general information. More detail work, but
focused on perlite, is by Salat & Onéakova (1964).
Later works (Kaminskd & Dud’a, 1995; Baiacky et
al., 1989) did not describe a detail geological
position of the obsidians. The description of
obsidian allochthonous occurrences near Cejkov
was published only recently (Pfichystal & Skrdla,
2014). Various facies positions of obsidians, either
primary or secondary, was reported in work by
Baco et al. (2017).

Geological settings

The Middle Miocene Tokaj-Zemplin-Beregovo-Oas
field of monogenetic rhyolite volcanoes is an
integral part of the Middle/Late Miocene bimodal
andesite-rhyolite volcanics associated with a system
of horsts and grabens south of the Transcarpathian
Basin — a segment in the Carpathian volcanic arc
(Lexa et al., 2010). Episodes of rhyolite volcanic
activity alternated with activity of andesites and
dacites that have given rise to mostly solitary small
stratovolcanoes, effusive complexes and extrusive
domes. K/Ar ages of andesites, dacites and
rhyolites overlap in the interval 13.8 — 9.5 Ma
(Pécskay et al., 2006).

The formation of the horst and grabens as well as
the volcanism were related to the interplay of
subduction, delamination and back-arc extension
(Seghedi & Downes 2011). The bimodal andesite-
rhyolite volcanic association is interpreted as
contemporaneous partial melting of metasomatized
lithospheric mantle and crustal source materials as a
result of the related tectono-thermal reactivation.
Peraluminous rhyolites are of anatectic origin, later
affected to various extent by mixing with mafic
mantle source magmas and lower pressure AFC
(Assimilation and  Fractional Crystallization)
processes (Koneény et al.,, 2010, Kohut et al.,
2017).

Primary natural occurrences of obsidian in the
region of Eastern Slovakia associate with other
products of silicic (rhyolite, rhyodacite) volcanism
that was a part of the bimodal andesite/rhyolite
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volcanic activity during the Upper Badenian to
Lower Pannonian time (Lexa & Kali¢iak 2000,
Pécskay et al., 2006). Products of the silicic
volcanism occur as tuffs and pumice tuffs,
reworked epiclastic volcanic rocks, rare intrusions
and dominantly as extrusive domes that sometimes
pass into short and thick lava flows (dome flows,
coulées). Massive as well as brecciated forms of
volcanic glass, perlite and obsidian, associate
especially with intrusive and extrusive forms of
silicic volcanism (Baco et al. 2017, Fig. 1).

Main sources of volcanic glass

At the Mermik locality (Fig.1.) volcanic glass
forms marginal parts of various small rhyolite
intrusions and dykes at a cinnabar deposit. Directly
at the surface it crops out at the northwestern side
of the hill Lipova hora, where it forms margin of a
rhyolite intrusion as well as several purely glassy
dykes. It is of a dark gray color with variable tints,
contains xenoliths of surrounding rocks (mostly
claystone and sandstones) and is highly fractured.
That prevents utilization of the glass for a
production of chipped artifacts, though rare massive
parts have been identified.

Hydrated volcanic glass — perlite occurs at marginal
parts of the extrusive dome Harsas next to the
village Bysta and it forms also separate dykes in
surroundings of Bysta and Brezina (Fig. 1.).
However, in this case perlite does not include
obsidian cores that could be used for a production
of obsidian industry.

Marginal parts of the extrusive dome/flow Borsuk
close to the village Mala Bara, but especially in
surroundings of the village Vinicky host the most
important primary occurrences of obsidian in
Slovakia. First of all they crop out at the
southeastern side of the dome/flow at localities
marked as 1, 2 and 3 in the Fig.2. Obsidians
always occur along with perlite, usually as obsidian
cores in perlite environment.

Lithological setting of the autochthonous
obsidian occurrences

The form of obsidian occurrence in the perlite
environment could be observed in newly driven
(years 2006 — 2007) underground galleries of the
Tokaj Vinicky Itd. (PROMACO SA) wine cellars.
Clearly, obsidian occurs in two types of
geological/lithological setting.

The first type of setting is represented by perlitized
parts of small rhyolite intrusions and/or dykes
(Fig. 3.), including a direct continuation of the
intrusion with all attributes of obsidian occurrence.
The same type of setting could occur elsewhere in
surroundings, especially eastward and
southeastward at localities 2 and 3 (Fig.2.).



Archeometriai Mithely 2018/XV./3. 160

Stredny vrch
Kity 252 m as.l. Borsuk
182 mas.l. cellars of_the_ company areas with obsidian Mal4 Bara 267 mas.l.
Tokaj Vinicky occurrences perlite deposit

Fig. 2.: Panorama of the SW side of the Borsuk rhyolite dome/flow (rhyolite volcano) next to the village
Vini¢ky with obsidian and perlite occurrences, including the Tokaj Vini¢ky Itd.(PROMACO AS) Winecellars,
1,2,3 — obsidian occurrences. View from the southeast. Photo by P. Baco. According Baco et al. (2017), Fig. 7,
p. 214.

2. abra: A Borsuk riolit kézettest (riolit vulkdn) DNY oldalarol nyild kilatas Sz6léske (Vini¢ky) hataraban, a
perlit és obszidian eléfordulasi helyekkel, a Tokaj Vinicky Ltd. (PROMACO AS) 1,2,3 borospincékkel, DK
feldl. P. Baco felvétele. Baco et al. (2017), Fig. 7, p. 214. nyoman.
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Fig. 3.: Structural cross section of the Vinic¢ky rhyolite volcanoes. (modified after Lexa et al. (2014); Fig. 1B, p.
237). 1-Late rhyolite dome and coule¢ (dome flow), 2-Early rhyolite extrusive dome, 3-Dacite/rhyodacite
cryptodome, 4-Coarse proximal facies dacite/rhyodacite phreatic/phreatomagmatic pyroclastic rocks, 5-Distal
facies rhyolite tuffs and pumice tuffs, 6-Permian and Triassic basement rocks, 7-Area well documented in walls
of the wine-cellar

3. abra: A sz6l6skei (Vinicky) riolit vulkanok szerkezeti metszete (Lexa et al. (2014); Fig. 1B, p. 237 nyoman,
modositva). 1 — késdi riolit kdzettest és lava, 2 — korai riolit extruziv kézettest, 3 — dacit / riodacit kozettest, 4 —
durva proximalis faciesii dacit / riodacit freatikus / freato magmatikus piroklasztikus kézet, 5 — tavoli facieshez
tartozo riolit tufadk és horzsakoves tufak, 6 — perm és triasz kort alapkézet, 7 — a borpince falaban jol
dokumentalt tertilet
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Fig. 4a, b, c.: Locality Vinicky, obsidian nodules showing a progressive evolution of their surface as a function
of their position (compare the fig. 6): a — obsidian nodule from the weathered top of perlitized intrusion; b —
obsidian nodule from eluvial deposits; ¢ — obsidian nodule with initial surface sculpturing from eluvial/deluvial
deposits. Photo by P. Baco.

4a, b, c. abra: Sz6ldske (Vinicky) leléhely, obszidian gumdk felszine a kornyezet hatasainak fiiggvényében
(v.0., 6. abra): a — obszidian gum¢ a perlitesedett intruzio felsd, mallott részébdl; b — obszidian gumo eluvialis
kornyezetbdl; ¢ — obszidian gumoé a felszin barazdalodasanak kezdeti szakaszabol, eluvialis / deluvialis

kornyezetbdl. P. Baco felvétele.

Fig. 5a, b,. Locality Vinicky, Tokaj Vinicky Itd. winecellars: a, b — autochtonous occurrence of obsidian nodules
in perlitic breccias at the base of the Borsuk dome/flow. Photo by P. Baco.

5a, b. abra: Szoléske (Vinicky), Tokaj Vinicky Ltd. borpincéje leléhely: a, b — obszidian gumok autochton

eléfordulasa perlit-breccsaban a Borsuk kozettest / lavaar talalkozasanal. P. Baco felvétele.

Intrusions with perlite and obsidian are covered by
a thin veneer of eluvial deposits. Gradual
weathering of perlite frees enclosed obsidian cores
into these eluvial/deluvial deposits. Size of
individual obsidian pieces varies in the range 2 mm
— 14 cm, with the average size 3 — 5 cm. Not often,
however, more frequently as generally assumed,
there are present cores 10 cm or more in diameter.
Form of obsidian pieces is irregular. Their surface
is mostly smooth, patinated, sometimes with rare
remnants of perlite. Sculpture of the type, as it is
known from the surface of obsidians at
archeological sites, is absent (has not been
observed). Apparently, the residence time of
obsidians in eluvial/deluvial deposits is too short to
develop full scale sculpturing. Obsidian in the
figure 4a from the top of weathered perlite shows
the same type of surface attributes as obsidian cores
in fresh perlite. Obsidian nodule in the figure 4b
from a higher position shows patinated surface with
a minimal rounding of edges and planes that are
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characteristic of bigger obsidians in perlite.
Obsidian nodule in the figure 4¢ from the highest
position in the section (and the longest expected
residence time) shows an initial stage of sculpturing
in the form of roughness and small pits.

The second type of setting is represented by perlitic
breccias at the base of the Borsuk dome/flow. This
type of setting applies also to the locality Mala Bara
(Fig. 1, 2). Most of the obsidian cores observed in
the Tokaj Vinicky Ltd. (PROMACO SA) wine
cellars occurs in perlitic breccias (Fig. 5a, b) that
represent base of a thick and extensive rhyolite lava
flow with a source at the extrusive dome of Borsuk
hill NE of the village Vinicky (Baco et al. 2012).
Perlitic breccias are formed of angular blocks of
dark to pale perlites up to 3 m in diameter, often
with pronounced flow banding, in pinkish matrix of
grounded perlitic material. Rarely they include
fragments of underlying pyroclastic rocks. In these
breccias obsidian occurs as fragments up to 10 — 15
cm in diameter, much smaller on the average.
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Fig. 6a, b, c.: Locality Vini¢ky: microphotographs of obsidian thin-section (transmitted light, one nicol). Photo
by P. Baco.

6a, b, c.abra: Szdléske (Vinicky) lel6hely: obszidian vékonycsiszolata (atesé fényben, 1 Nikol). P. Baco

felvétele.

Planes of obsidian fragments are variably convex or
concave, smooth and glossy. At freshly broken
surface they are black or pitch black with a
pronounced conchoidal fracture.

Using a microscope one can observe in obsidian
rare microphenocrysts of biotite, plagioclase, rare
Fe-orthopyroxene (ferosilite) and ilmenite (Fig. 6a,
¢). Frequently observed banded texture or
alternation of dark and pale streaks is caused by
flow oriented minute crystals — microlites and
trichytes  (Fig. 6b), mostly of pyroxene
composition. This internal fabric of obsidian glass
is a probable cause of sculpturing if the glass is
exposed to weathering.

Lithological setting of the allochthonous
obsidian occurrences

Rare and generally small cores of obsidian enclosed
in perlite fragments (marekanites) of breccias at the
base of the same rhyolite lava flow occur also on its
northern side, south of the village Mald Bara.
However, in this case the small size of obsidian

cores prevented its utilization for a production of
obsidian industry.

Perlite with cores of obsidian, known also under the
name “marekanite” (Fig.7a,b) occurs in an
abandoned quarry north of the city Streda nad
Bodrogom. Fragments of perlite with obsidian as
well as obsidian alone are apart of reworked
rhyolite/rhyodacite  tuffs, epiclastic  volcanic
sandstones and gravels and epiclastic volcanic
breccias laid down as a submarine landslide. So the
perlite and obsidian fragments are not at the place
of their origin. Size of obsidian cores varies in the
range 0.5 — 5 cm with the average size around 2.5
cm. Obsidian cores at this locality show many
attributes that are characteristic of obsidians at the
locality Vinicky, as there are occurrence in the form
of cores in perlite, color, luster and conchoidal
fracture. The Vinicky locality was generally
accepted as probable source. However, results of
K/Ar dating point to a different age and yet unknow
primary source (Baco et al., 2017).

Fig. 7a,b.: Locality Streda nad Bodrogom, abandoned quarry: a, b — obsidian in perlite shell (marekanite)
occurring as fragments in reworked polimict rhyolite volcanoclastic rocks. Photo by P. Baco.

7a, b abra: Bodrogszerdahely (Streda nad Bodrogom), felhagyott banya: a, b — perlitben eléforduld obszidian
szemek (marekanit) tormelékként az athalmozott polimikt rioltos vulkanoklaszt kdzetben. P. Baco felvétele.
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Fig. 8a,b.: Locality Cejkov — Malé luky-Zihlavnik: a — finding position of obsidian nodule; b — surface
sculpturing reflecting its fluidal texture. Dimensions: 5.1 x 4.6 x 4.0 cm. Photo by P. Baco.

8a, b abra: Céke (Cejkov) — Malé laky-Zihl'avnik lel6hely: a — obszidian gumoé lelékériilmények; b — felszini
barazdaltsag a fluidalis szovet nyomaival. Méretek: 5.1 x 4.6 x 4.0 cm. P. Baco felvétele.

geologicky ustav D. Stira

Fig. 9.: Locality Brehov — Za alejou: isometric, moderately sculptured obsidian nodules. Mass/dimensions: 128
g/39x52x54cm;68g/33x3.9x4.0cm;76g/3.9x4.3x4.6cm . Photo by P. Baco.

9. abra: Imreg (Brehov) — Za alejou lel6hely: izometrikus, kevéssé barazdalt felszinli obszidian gumok. Tomeg /
méretek: 128 g/3.9x52x54cm; 68 g/3.3x3.9x4.0cm;76g/3.9x4.3x4.6cm.P.Baco felvétele.

Obsidian at secondary natural
occurrences

The area with obsidian fragments and nodules at
secondary naturally position extends SW of the
village Brehov, nowadays in cadaster of the village
Cejkov. S. Jansak (1935) recognized the locality
»as one of the richest finding places in Eastern
Slovakia“. Raw, unworked obsidian occurs as
grains/nodules of variable size from tiny gains 0.5 —
1 mm in diameter to nodules 8 cm in diameter,
rarely with mass over 1 kg. Their surface shows
a variety of sculpturing (Fig. 8.), often identical
with remnants of sculpturing on worked obsidian
nodules at archeological localities. That lead A.
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Prichystal & P. Skrdla (2014), who have studied
this locality in a great detail, to consider this
locality as a possible principal source of obsidian
for the obsidian industry at the
Palaeolithic/Neolithic archeological sites of Central
Europe (Cla subgroup of Bir6 & Kasztovszky
(2013) and Kasztovszky et al. (2014).

Obsidians in Quaternary deposits northwest of the
village Brehov — area ,Za alejou” represents
asecond concentrated occurrence of obsidian in
surroundings of Brehov. It was discovered during
exploration for base metal ores (Bacso et al. 1995)
that included trenching. In this case obsidian
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fragments and nodules (Fig.9.) occur in loamy
weathered and argillized

rhyodacites and their breccias. These are covered
by eolian sands in thickness up to 2 m. Size of
obsidian fragments and nodules varies in the range
5 mm to 10 cm, around 5 cm on the average. Their
surface shows usually sculpturing. Obsidians with
less developed sculpturing (Fig. 9., middle piece)
are present too. Form of obsidian fragments and
nodules is irregular, dominantly isometric (Fig. 9.).
Sculpturing is less pronounced than on obsidians at
archeological sites. Important there is an absence of
flakes in the horizon with obsidian, though at the
surface they are present. Areal extend of the
occurrence is several hectares and we can’t exclude
other ones in close surroundings. Obsidian in the
form of sculptured fragments/nodules is quite
frequent, often of relatively large size. Brehov is the
locality with the largest fragments/nodules of
sculptured obsidians. Geological setting, amount
and size distribution of obsidian fragments/nodules
at the Brehov locality points to an analogical (not
similar) allochthonous occurrence as in the case of
the Cejkov locality.

Discussion

Surroundings of Vinicky, respectively southern
slopes of the hills Borsuk and Katy, is the most
important autochthonous occurrence of obsidian in
the Zemplinske vrchy Mts. area.

Based on observations in the Tokaj Vinicky Ltd.
wine cellars obsidian nodules occur in two

geological/lithological settings. Those related to
perlite breccias at the base of the rhyolite lava flow
could be more widespread. Their possible
exposures are nowadays obscured by vineyards.

The problem, whether the Vini¢ky locality was or
could be a sole source of obsidian in the
Zemplinske vrchy Mts. area for obsidian industry at
archaeological sites remains open (Baco et al. 2003,
Pfichystal 2009, Baco et al., 2017).

However, owing to a short residence time of
obsidian nodules in eluvial/delluvial deposits above
the primary source there was not enough time to
develop sculpturing that is characteristic for
majority of obsidian raw material pieces with the
Zemplinske  vrchy =~ Mts.  provenance  at
archaeological sites. Sculpturing originated in the
secondary environment where obsidian is exposed
to long lasting weathering. In Vinicky we can't
exclude entirely a possibility of repeated reworking
of the weathered out obsidian nodules during the
Late Sarmatian and Pannonian time and in that case
also evolution of sculpturing. These deposits have
not been observed. Also, reworking could not bring
obsidians to the area of Cejkov and Brehov where
the two most extensive secondary occurrences of
obsidian are present (Jansak 1935, Bacso et al.
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1995a, b, Baco et al. 2003, Prichystal & Skrdla
2014). Primary source of obsidians at both
allochthonous localities remains unknown.

Conclusions

Careful description of primary and secondary
natural occurrences of volcanic glasses allows for
following conclusions:

There are two primary sources of obsidian nodules
at the Vini¢ky locality related to two phases of
rhyolite volcanic activity. Perlitic breccias with
obsidian nodules at the base of the Borsuk
dome/flow represent the older source. Perlitized
margins of small intrusions with obsidian nodules
represent the younger source. Absence or
rudimentary development of sculpturing on the
surface of obsidian nodules is characteristic for both
sources.

Allochthonous obsidians and associated perlite
(marekanites) at the locality Streda nad Bodrogom
are older than obsidians and perlites at other natural
and archeological localities. They do not have
equivalents among obsidians at archeological sites
and we do not know their source.

There are two known allochthonous occurrences of
obsidian nodules in Quaternary deposits around
Cejkov and Brehov: Cejkov — Malé luky-ZihPavnik
and Brehov — Za alejou. Theirs, at the moment
hypothetical, primary source was in the Brehov
area.

Evolution of rhyolite volcanic activity in the region
of Zemplin Hills is more complex as previously
assumed. Owing to changing paleogeography it
could create secondary obsidian accumulations in
an unexpected way. We can’t exclude surprise
findings in future, including new, yet unknown
sources of volcanic glasses.
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