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The paper presents research materials on some hydrogen-containing volcanic glasses of Transcaucasia of acidic
composition, concentrated in areas of late Tertiary-Quaternary volcanism, in particular, the central part of the
Akhalkalaki plateau, within the Akhaltsikhe valley (Georgia). Studies of natural materials of perlite, obsidian and
pechstein were carried out by geological, physico-chemical: petrography, chemical analysis, X-ray diffractometry,
and IR spectroscopic methods. The work shows the genesis, structural features and prospects of using these minerals.
It has been found that the chemical composition of the minerals studied is characterized by a different content of
aluminum oxide Al;Os. It is shown that silicon oxide SiO., which is a part of volcanic glasses, occurs in an amorphous
state. Perlites of the studied deposits differ from each other both visually and in composition. The perlites of the Toloshi
deposit are dark gray in color and the Paravani deposits are white. In the perlite spectra of the Tolosh deposit, the
vibrational frequencies of both the intratetrahedral and in the intertetrahedral space of Si-O-Si (Al) indicate that
silicon is replaced by aluminum to a lesser extent than in the perlite of the Paravan deposit. The prospects of using
expanded volcanic glasses are also shown.

Keywords: perlite, obsidian, volcanic glass, petrography, chemical analysis, X-ray diffractrometry,
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INTRODUCTION Ne, Ar. The location of gases and water molecules
in volcanic glass is unequal or stream-like [1, 3].
There are two types of water in perlites
(structural (up to 2-5 %) and mobile). It may also
contain hydroxyls (OH). Structural water is linked
to the tetrahedra of alumosilicium oxygen through
hydrogen binding. Its content is 1-3 %. Movable
water, that can be 0-7 % in the mineral
composition, fills channels and gaps of molecular

Along with perlites, obsidian and pechstein
are acidic volcanic glasses. They are formed at the
edge of molten magmatic lava as a result of rapid
cooling, when in contact with the ground, and
differ from each other mainly by the water content
in the texture. Perlite contains up to 6 % water and
is characterized by concentric shell texture.
Obsidian contains less than 1 % water and is

characterized by high hardness (5.6 on the Mohs size. The moving water of the perlites is released
. ) . during the heating of the mineral from 50 to 250—
scale) and a massive texture. The water content in

pechstein is 8-10 % [1, 2. 300 °C and the structural water — after heating
above 250-300 °C. Hydroxyl groups act as
bridges between the alumosilicium oxygen
tetrahedra [1].

Dependent on the texture, there are massive,
layered, breccial and pumice-like perlites. A specific
peculiarity of perlites is their capability to swell
when heated at high temperatures — i.e. increase the
initial volume (520 times). Swelling occurs when

In some cases, perlites associate with obsidian
and form species of obsidian-perlite, where
obsidian exists as an insert. It is also possible to
associate two types of perlite with different water
content. In this case, the nucleus of perlite, with a
low water content, is characterized by an
intracellular shell. In addition, there is a “layered”

alternation of volcanic glass with different water .
content: obsidian-perlite or perlite-perlite. heated at a temperature of 900-1200 °C, from 1 to

The chemical composition of perlite is mainly 3 min. In the case of obsidian, swelling can occur at
as follows: Si05-70-75 %, ALOs-12-14 %, Na,O-3- the same temperature, but heating takes longer, 3—
5 %, K»0-3-5 %, up to 1 % Fe;03, CaO and MgO. 10 min [2-4].

It also contains water and gases: CO,, N2, Ha, SO3, Swolleq perlite is a loose, porous, lightweight,
stable material that can be used at temperatures from
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-200 to +900 °C. It has thermal- and noise-insulation
properties and can absorb liquid in an amount of
more than 400 % of its weight; it is biologically
stable, does not rot under the influence of
microorganisms; it is not a desirable environment
for the reproduction of insects and rodents. Perlite is
chemically inert — it is neutral to the effects of a
weak acidic and basic environment. Perlite is
medium friendly and sterile, non-toxic and does not
contain heavy metals.

Perlite can be used under both unprocessed
and swollen conditions. Mainly, swollen perlites
are used. These type of perlites are used as
insulating materials in construction, as adsorbents
in the oil and gas industry; they are used for the
purification of drinking water, as filters — in the
food industry, as well as for the purification of
water chemically or of nuclide-contaminated one;
in medicine they are used for filtering
pharmaceutical preparations. Swollen perlites are
also widely used in agriculture.

EXPERIMENTAL

In Transcaucasia, water-containing volcanic
glasses of acid composition are concentrated in
areas of late Tertiary-Quaternary volcanism.
Large deposits of volcanic glass are known within
the western spurs of the Geghama ridge, at the
southwestern edge of the Aragats volcanic massif,
on the eastern and northeastern spurs of the
Zangezur ridge in the western part of the
Karabakh upland, in the central part of the

Table 1. Chemical composition of the samples studied

Akhalkalaki plateau and within the Akhaltsikhe
valley [5].

The objects of research were perlite and
obsidian from two different regions of Georgia:
perlite and obsidian of so-called “Korghan”
deposits of Ninotsminda region and perlite from
the village Toloshi in Aspindza region [6-8].

The chemical composition of these samples
was investigated, and petrographic, X-ray
diffractometric and IR spectroscopic analyses
were also performed. The results of these studies
are presented in Table 1 and Figs. 1-6.

X-ray diffractometric analysis was carried out
with a device “DRON-4.0”. Infrared
spectrographic analysis was performed with an
Agilent Cary 630 FTIR Spectrometer.

Petrographic analysis was carried out with an
Optika B-383POL microscope.

RESULTS AND DISCUSSIONS

The data of chemical analysis of the samples
differ significantly. As expected, SiO, in the
largest quantities is present in obsidian and Al,O3
— in perlite of Paravani deposit (see Table 1).
Accordingly, the ratio SiO,/ALLO; is as follows:
Paravani perlite < Toloshi perlite < obsidian.
Obsidian also contains large amount of alkaline
earth metal oxides. The largest difference in the
chemical composition of obsidian and perlite is in
the percentages of water and phase. Their total
value in the composition of perlites (Paravani,
Toloshi) is 17.63 and 15.56 %, respectively, and
in the case of obsidian — 3.54 % (Table 1).

Chemical composition of samples

Sample - -

Si02 ARLO; KO0 NaxO CaO MgO MnO TiO2 Fe:0s SOs P20s

Perlite " 5)19 2365 250 038 084 031 010 020 157 050  0.11

(Paravani)
Perlite 6076 1221 355 213 165 188 007 019 161 034 005
(Toloshi)
Obsidian
. 7270  12.63 4.95 4.20 0.81 0.02 0.06 0.11 0.92 0.01 0.05
(Paravani)

Petrographic analysis of the samples showed of plagioclase ranging in size from 0.03 to
that the perlite of the Toloshi location is a rock 0.5 mm, are rarely observed in the glass (Fig. 1).
with a dacite composition and structure, which is Minerals, probably pyrite, are also rare.
built of volcanic glass, where perlite spheroidal Perlite of the Paravani deposit is built with a
cracks, obtained as a result of depletion, are strong replacement volcanic glass in which perlite
observed. Pure and amphibole-containing crystals spherical cracks are observed. The glass is devoid

of any admixtures. The only mineral found is
ISSN 2079-1704. CPTS 2020. V. 11. N 4 471
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chlorite, which is a product of volcanic glass
replacement. There are also iron-enriched areas

that are likely to be a product of the destruction of
some iron-containing mineral (Fig. 2).

Fig. 1.

Perlite of Toloshi location. Magnification — 40x

Fig. 2. Perlite at the location of Paravani. Magnification — 40%

The obsidian sample consists entirely of
volcanic glass. Rarely, at large magnifications
(100x  diameter), the smallest grains of
plagioclase are observed, as well as cracks, which
can be characterized as perlite. Due to the
transparency of the sample, it could not be
observed.

X-ray diffractometric analysis of the samples
showed that they sharply differ from each other.
First of all, their structure consists mainly of an
amorphous phase. This is especially true for
obsidian. Samples vary in degree of dispersion.
Except of crystalline silicon oxide, in perlite
samples of the Toloshi location, andesite-specific
and feldspar-specific peaks are clearly visible and
in the perlite sample of the Paravani location,
there are peaks of chlorite and feldspar (Fig. 3).

The study of all three samples by IR
spectroscopy showed that the spectra of the
samples are similar to those of silicates. These are
two high-intensity bands of stretching vibrations
(y1) of Si—O-Si bonds at the frequency of

472

1073 cm™' — obsidian; 1058 cm™ — perlite
(Toloshi); 1041 cm™ — perlite (from Paravani
deposite). An increase in the vibration frequencies
of the bands is completely consistent with the
results of chemical analysis of the samples, since
the frequencies of these bands depend on the
value of the SiO,/AlyO; ratio [9]. The band of
bending vibrations (y:) of the same bond is 467,
469 and 471 cm™', respectively. In addition, the
perlite from Paravani deposit, unlike these two
samples, has a band of 551,692 and 912 cm™'. The
first two bands can be attributed to AI-O
vibrations, and the third at 912 cm ™' — to AI-OH
vibrations [10-13] (Fig. 4).

It is interesting that in these samples water
and hydroxyl groups are represented in different
kinds and in all three samples the band of bending
vibrations of water is equally fixed (at
~ 1640 cm™) [1, 2]. In the stretching vibrations
the zone of water obsidian has one band —
3445 cm™', in the perlite of Toloshi deposit - two
bands — 3438 and 3640 cm 'are observed and in

ISSN 2079-1704. CPTS 2020. V. 11. N 4
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the perlite of Paravani deposit there are three
types of hydroxyl groups — at 3440, 3619 and

XRD Intensity, a.u.

3696 cm™'. These three species correspond to the
data known from literature [1, 7] (Figs. 5, 6).

ST T T

20, Degrees
Fig. 3. X-ray diffractograms: / — perlite at Toloshi location; 2 — perlite at the location of the Paravani; 3 — obsidian
of the location of the Paravani
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Fig. 4. 1R spectra of Perlite from Paravani deposit
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Fig. 5. 1R spectra of Perlite from Toloshi deposit
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Fig. 6. 1R spectra of Obsidian from Toloshi deposit

CONCLUSION

The petrography of obsidian and perlite of
Georgia (two different deposits) have been
studied. Chemical, X-ray diffractometric and
IR-spectroscopic analyses of these samples have
been carried out. It has been found that the
chemical composition of minerals differs from
each other mainly by the content of Al,Os. It has
been shown that SiO»-containing volcanic glass is
mainly in an amorphous state. Perlites differ
from each other both visually (perlite of the
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Toloshi deposit is dark gray and the other — of the
Paravani deposit — is white), as well as in terms of
composition. In the perlite spectrum of the
Toloshi deposit, in the internal vibration bands, as
well as in the vibration bands between the Si—-O-Si
(Al) tetrahedra, we can see that the replacement
of silicon with aluminum is less common than in
the perlite of the Paravani deposit. The prospects
for the use of volcanic glass are also shown.
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JocaigkeHHs1 AeIKUX BYJKAHIYHMX CTEKOJI IPY3HHCHKUX POIOBHIIL
I'.II. Huauxananse, JL.I'. Enpikamsiii, T.H. Kopazaxis, T.B. Illapameninze, M.I'. 3aytamsini, B.M. I'abynis

Toinicokuti deporcasnutl ynigepcumem im. 1. [ocasaxiwgini;
Tuemumym ¢hisuunoi ma opeaniunoi ximii' im. I1. Menuxuweini
eyn. Ilonimkoscwroi, 31, Toinici, 0186, I pysia, giorgi.tsintskaladze@tsu.ge

B pobomi npedcmasneni mamepianu 00cnioxceHv OeAKUX BOOHEBOMICKUX BVIKAHIYHUX CMEKON 3aKasKkaz3s
KUCTI020 CKNAOY, WO KOHYEHMPYIOMbCA 8 PAllOHAX RI3ZHbOMPEMUHHO20-Yem8ePMUHHO20 BYIKAHIZMY, 30KpeMd, )
Yenmpanvuil Yacmuni AXarkaniakcpkoz2o niamo, 6 mesicax Axanyixcoroi oonunu (Ipysis). Jlocrioscenns npupooHux
mamepianié nepaimy, obcudiany [ nexwmeuny OVIU NPOBEOCHI 2e0N02iYHUMU, (OI3UKO-XIMIMHUMU MemOoOaMuU.
nempoepaqhis, XimiuHull anaunis, permeenoou@paxmomempuunum, I49-cnexmpockoniunum. Y pobomi noxasanutl
2enezuc, CMpyKmypHi 0cooaueocmi i nepcneKmusyu GUKOPUCMAKHA Nepepaxoeanux minepanie. Becmanoesneno, wo
XIMIYHUU CKAO QOCTIONCEHUX MIHepaié pisHumvcs emicmom oxkcudy amominito AL,Os. Ilokazano, wo okcud KpemHiro
Si0,, wo 6xodumv 00 cKAAdy BYIKAHIYHUX CMEKO, 3HAX00umvbCsi 6 amop@romy cmani. [leprimu Oocaiodcenux
PO008UY BIOPIZHAIOMbCA 0OUH 8I0 00OHO20 5K 8I3YANbHO, Mak i ckiadom. Ilepaimu pooosuwa Torowi maome memHo
- cipuii konip, a pooosuwa Ilapasani - oinuil. B cnexmpax nepnimy Tonowcko2o poooguwia yacmomu Koausaus 5K 8
mempaeopax, max i 8 misxcmempaedpuuromy npocmopi Si-O-Si (Al) exasyrome, wo 3amiugenHs KpemHito antomMiHiem
8i00ysacmvcsi 6 MeHwii Mipi, nisic  nepaimi Ilapasancokozo podosuwa. Takodic nodano nepcnekmueu 3acmocy8ants
CRYYeHUX 8VIKAHIYHUX CTNEKOIL.

Knrouosi cnosa: nepnim, obcudian, 6yIKkauiume CKI0, Nempocpaqpisi, XiMIYHUL aHANI3, PEeHMeeHIBCbKA
ougppaxmomempis, 149-cnexmpockonis

HccnenoBanne HEKOTOPBIX BYJKAHNYECKHX CTEKOJ IPY3HHCKUX MECTOPOKICHUH

I'.Il. Muauxananse, JI.I'. EnpuxkamBuin, T.H. Kopazaxus, T.B. Hlapamenua3e,
M.I'. 3ayramBuin, B.M. I'adynus

Tounucckutl eocyoapcmeennwiii yuusepcumem um. He. [ocasaxuweunu;
Hnemumym ¢usuueckoii u opeanunecko xumuu um. I1. Menuxuweunu
ya. IHlonumxosckot, 31, Tounucu, 0186, I pysus, giorgi.tsintskaladze@tsu.ge

B pabome npedcmasnenvt mamepuanst uccied08aHull HEKOMOPLIX 8000POOCOOEPAHCAUUX 8YIKAHULECKUX CHIEKOIL
3akaskazva KUC1020 cOCMAasa, KOHYEHMPUPYIOWUXCS 8 PATIOHAX NO30HEMPEMUIHO20-4eMEEPMUIHO20 GVIKAHUIMA, 6
YacmHOCMU, YeHMPAaIbHOU yacmu Axankanaxkckozo niamo, 8 npeoenax Axanyuxcxou donunsi (I py3us). Hccneoosanus
NPUPOOHBIX MAMepuanos nepauma, ooOCUOUaHa u nexwimenHa OvlIU NPOGEOEHbl 2e0N02UNeCKUMY, DUIUKO-
XUMUYECKUMU MemOoOamu: nempozpaus, Xumuveckui anaius, penmeenoougpaxmomempuieckum, MUK-cnexmpo-
ckonuveckum. B pabome nokaszan cemesuc, cmpykmypuvie O0COOEHHOCHMU U NEPCHeKMuUbl UCNONbI08AHUS
NepedUCcIeHHbIX MUHEPAN08. YCMAHOBIEHO, 4MO XUMUHECKUl COCMA8 UCCIeO08AHHbIX MUHEPANO8 OMIAUYAemCs
pasnuunbim cooepoicanuem okcuda amomunus ALOs. Tlokaszano, umo oxcud kpemuus SiOr, 6xo0awuil 8 cocmag
BVIKAHUYECKUX CMEKO, HAXO0OUmcs 6 amop@rom cocmoanuu. Ilepaumol Uccie008aHHbIX MECMOPOAICOEHU
omauuaiomcs Opye om oOpyea Kaxk 6u3yanvHo, max u cocmasom. Ilepnumor mecmopodcoenus Tonowu umerom
mémHocepwill ygem, a mecmopodcoenus Ilapasanu — benviii. B cnexmpax nepauma Tonouwickoeo mecmopodicoeHus:
yacmomul KoNeOAHUUl KAK GHYMpU mempas’opos, max u 8 medxcmempas’opuveckom npocmparcmee Si-O-Si(Al)
YKA3bI8AIOM, YMO 3AMeWeHUe KPEMHUs ANIOMUHUEM NPOUCXOOUm 6 MeHbuiel Cmenenu, Yem 6 CHeKmpax nepiuma
Iapasanckozo mecmopooicoenus. Taxoice noKazanvl NEPCReKMuGbl NPUMEHEHUs BCNYYEHHbIX 8YIKAHUYECKUX CIMEKOJ.

Knwouesvie cnosa: nepium, ob6cuouan, GyIKAHUYECKOE CMEKI0, Nempozpagus, XumMudeckuil aHaus,
penmeenosckas ougpaxmomempus, UK-cnexmpockonus
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