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A b s tract: The Fourier transform infrared (FTIR) and Raman spectra of gypsum (CaSO,4-2H,0) and barite
(BaSO,) from various localities in Macedonia were studied. Contrary to the group-theoretical predictions, it was
found that the band originating from the v, sulfate mode (expected at around 450 cm™") does not appear in the infra-
red spectra of cither gypsum or barite, apparently due to the high effective symmetry of the force field for this mode.
The infrared and Raman spectra of natural gypsum and its synthetic analogue are very similar. On the other hand,
slight frequency differences (especially pronounced in the region of the v sulfate modes) were registered in the infra-
red spectrum (and, to a considerably lesser extent in the Raman spectrum as well) of synthetic BaSO; when compared
to the spectrum of mineral barite. Also studied were the FTIR and Raman spectra of a mineral previously character-
ized as anhydrite. Although its morphological characteristics (shape, color and transparency) were quite different
from those of gypsum it was shown that the studied mineral is in fact gypsum.
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INTRODUCTION

Sulfate minerals have been studied by various
methods, the most frequently used complementary
techniques for their characterization being X-ray
diffraction (e.g., Bish and Post, 1993), Raman (see,
e.g., Coleyshaw and Griffith, 1994) and infrared
spectroscopy (e.g., Farmer, 1974). The infrared
and Raman spectra of gypsum and barite have been
a subject of extensive studies by various authors
(Omori and Kerr, 1963; Berenblut et al., 1971; Ta-
kahashi et al., 1983; Petruevski and Soptrajanov,
1984; Peterson, 1986; Petrusevski, 1989; Cvetko-
vi¢ et al., 1997). The infrared spectra of the par-
tially deuterated analogues of gypsum have also
been studied (Seidl ez al., 1969).

Continuing our studies of the structural and
spectroscopic characteristics of minerals originat-
ing from Macedonia (Stefov ez al., 1999; Jovanov-
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ski et al., 1999a; G. Jovanovski et al., 1999b; G.
Jovanovski et al., 1999c) we present the results of
the collection, detection and spectroscopic charac-
terization of mineral specimens of gypsum
(CaS04:2H,0) and barite (BaSO,) from various lo-
calities in Macedonia (Debar, Alshar and PleSinci for
gypsum and Zletovo for barite) using Fourier
transform infrared (FTIR) and Raman spectros-
copy (some preliminary infrared results for gyp-
sum and barite were reported earlier (Stefov ef al.,
1999). In addition to that, in the current paper we
present the results of the comparison of the IR and
Raman spectra of gypsum and barite and of their
synthetic analogues as well as the outcome of the
investigation of a mineral specimen from Debar
identified, on morphological grounds, as anhydrite
(CaSOy).

It is well known that gypsum crystallizes in
the monoclinic system (space group C2/c) (Peder-
sen and Semmingsen, 1982), whereas barite is or-
thorhombic (space group Pnma) (Bragg and Clar-
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ingbull, 1965). Although for “free” S0,% ions the
symmetry should be Tj, the presence of other ions
in the respective crystal lattices reduces their
symmetry to C; in the structure of gypsum and to
C; in the case of barite. As a consequence, the
symmetric SO, stretch (v,) and the in-plane bend-
ing mode v, (which under T4 symmetry should be
infrared inactive) could become IR active al-

though, probably, appreciably weaker than the
characteristic infrared antisymmetric stretch v, and
the out-of-plane bending v,. In fact, the intensity of
the band originating from the symmetric stretch
could serve as a measure for the sulfate ion distor-
tion (PetruSevski, and Soptrajanov, 1988). Clearly,
in the spectrum of gypsum bands due to the modes
of coordinated water* are expected to appear.

EXPERIMENTAL

The mineral samples were collected from
various localities in Macedonia (gypsum: Debar,
AlSar, Plesinci; barite: Zletovo). They were picked
under a microscope from the ore samples. The p.a.
quality synthetic analogues of gypsum and barite
were used for the analysis.

The infrared spectra of the samples were re-
corded on a Perkin-Elmer FTIR system 2000 inter-
ferrometer using KBr pellets. Mulls in Nujol be-

tween KBr plates were also used. The Raman spec-
tra were recorded on LABRAMINFINITY ISA Di-
lor.Jobin.Yvon.Spex Group HORIBA instrument
using a CCD charge coupled detector — Jobin.Yvon.
The GRAMS ANALYST 2000 package (GRAMS
ANALYST, 1991-1993) was used in the process
of recording the spectra and the necessary
manipulations on the spectra were done with the
aid of the GRAMS32 package (GRAMS32, 1991~
1996).

MINERAL ASSOCIATIONS OF DEBAR, PLESINCI AND ALSAR ORE DEPOSITES

Gypsum: Debar

Gypsum and anhydrite are situated on both
sides of the Radika river near the Debar basin as
well as in the region between the villages of Gorno
and Dolno Kosovrasti.

Genetically, gypsum is a result of the proc-
esses of transformation of limestone influenced by
thermal waters enriched by SO;. Thereby, the an-
hydrite is formed by in situ substitution of CaSO,,
whereas the CO; is transported with the water solu-
tions. Hydration is performed at lowered external
pressure conditions and depth of about 100 to
150 m. The alabaster form is an intermediate prod-
uct formed by hydration of the anhydrite at tem-
perature higher than 170 °C. The process is charac-
terized by about 30 % volume increase. Often, very
nice crystal forms of gypsum are present at this
deposit being formed by influence of the sulfurized
thermal waters. The gypsum from this locality is
very often accompanied by presence of organic
matter, limestone fragments and pure sulfur.

Gypsum: PleSinci

During the final volcanic activities in the Kra-
tovo-Zletovo region, significant quantities of pure
sulfur are formed in the locality of PleSinci. From

*Only one type of such molecules is present in the structure.

the geological point of view, this locality consists
of series of volcanic and volcano-sediment rocks.
Mineralization takes place along structural discon-
tinuities in the zones of intensive hydrothermal
alterations. The mineral composition of this de-
posit is not thoroughly studied, but the present
knowledge supports the hypothesis about the low
temperature mineral paragenesis with dominant
role of pure sulfur. As a consequence of the great
abundance of pure sulfur and carbonates along the
present series of the volcano-sediment rocks, sig-
nificant quantities of gypsum are formed at some
parts of this locality.

Gypsum: Alsar

The AlSar mining district is located in the
KoZuf Mountain in Macedonia. The district is ex-
tensively mined for its antimony, arsenic and thal-
lium resources since 1880. The bedrock geology of
the district is comprised of two distinctive
chronostratigraphic sequences:

1. Mesozoic carbonate and clastic sediments.

2. Tertiary tuffaceous sediments and Pliocene
felsic tuffs.

The AlSar deposit is of hydrothermal low
temperature origin. The absolute age of volcanic
activity is about 5 to 7 million years. Small bodies
of a mineralized, porphyritic, subvolcanic intrusive
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cross cut both Mesozoic and Tertiary rocks. Sev-
eral major structural sets (northwest, northeast and
northerly) dissect and juxtapose the bedrock se-
quence into complex contact relationships.

Two main types of mineralization occur:

1. As, Tl, Hg, Sb and SiO, associated with ar-
gillic clays.

2. Si0O,, Sb, Al, Tl, Hg, Au and Ba replace-
ment silifications.

Type 1 is characterized by orpiment, realgar,
lorandite, complex thallim minerals, cinabar, minor
silica and stibnite.

Type 2 consists of microcrystalline quartz,
stibnite, iron sulfide, falcmanite, fizelite, realgar,
cinabar, T1 minerals, barite and gypsum.

Barite: Zletovo

The low temperature oxydo-carbonate para-
genesis of the Zletovo locality is a final phase of
the hydrothermal stadium of formation. of this de-
posit. Low temperature minerals, mainly carbon-
ates (siderite, calcite, oligonite, rodohrozite), sul-
fates (barite) and minerals of the type of quartz,
opal and chalcedone are found in this deposit.

RESULTS AND DISCUSSION

Gypsum

The FTIR spectra of the gypsum mineral
samples from the localities Debar (1), Alsar (2)
and PleSinci (3) as well as the spectrum of its syn-
thetic analogue (4) are shown in Fig. 1.
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Fig. 1. The FTIR spectra of gypsum specimens from Debar
(1), Alsar (2), Plesinci (3) and its synthetic analogue (4)

As can be seen, the spectra of the minerals
from all three localities are practically identical
indicating that the specimens belong to the same
mineral species. Their comparison with published
spectra of gypsum originating from localities out-
side Macedonia (Farmer, 1974; Takahashi et al.
1983; Seidl et al. 1969; Bensted, 1976) enabled us
to characterize them as gypsum mineral samples.
Furthermore, the spectrum of synthetic CaSO42H,0
differs practically only in the extent of splitting of
the bands originating from the water stretches and
the antisymmetric SO,”" stretch vs, a fact which
apparently stems from the more favorable condi-
tions for crystal growth in the case of the mineral
specimens.
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The Raman spectra of the gypsum specimens
from AlSar (1) and Debar (2), as can be seen in
Fig. 2, are practically identical with the spectrum
of synthetic CaSO42H,0 (3). Expectedly, all four
vibrational modes of the sulfate anions (v,, V2, V3
and v,) are Raman active, the symmetric stretches
v, giving rise to the strongest bands in the spectra.
On the other hand, the v, mode gives rise to a weak
infrared band (at 1004 cm'l).
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Fig. 2. The Raman spectra of gypsum from Al3ar (1)
and Debar (2) and its synthetic analogue (3)

In the case of gypsum spectra it is difficult to
locate unequivocally the band(s) resulting from the
v, sulfate mode. In the region where it is to be ex-
pected (around 450 cm™") no band characteristic for
this mode is observed. Actually, a broad band is
found at 458 cm™ in the infrared spectra of the
gypsum samples (Fig. 1) but it is assigned to water
librations (see below).

The bands originating from the water mole-
cules are, of course, present in the IR spectra of
both natural and synthetic CaSO4-2H,O (Fig. 1).
Three of them (at 3552, 3492 and 3404 cm'l)
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originate from the antisymmetric and symmetric
water stretchings and, apparently, a second-order
transition reinforced by Fermi resonance. The
somewhat unexpected appearance of fwo bands (at
1685 and 1620 cm™) in the H-O-H bending region
(unexpected because there is only one type of wa-
ter molecules) is easily explained (and experimen-
tally verified) (Seidl et al., 1969) as a consequence
of correlation-field effects (vibrational interaction
of identical oscillators). Finally, the broad band at
around 458 cm™' has been attributed to water libra-
tions (Takahashi et al., 1983; Petrusevski, 1989;
Cvetkovié, 1982).

As already mentioned, we have also studied a
mineral specimen (from the Debar ore deposit)
considered to be anhydrite (CaSQy). Its FTIR (Fig.
3) and Raman spectra (Fig. 4), however, showed
that it is in fact gypsum. It is interesting to mention
that, compared to the other studied gypsum speci-
mens from various localities in Macedonia, the
morphological characteristics (shape, color and
transparency) of our “anhydrite” are quite differ-
ent. Apparently, a pseudomorphous transition from
anhydrite to gypsum has taken place.

1
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Fig. 3. The FTIR spectra of gypsum from Debar (1) and the
mineral specimen from Debar believed to be anhydrite but was
~ shown to be gypsum instead (2)
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Fig. 4. The Raman spectra of gypsum from Debar (1) and the
mineral specimen from Debar believed to be anhydrite but was
shown to be gypsum instead (2)

Barite

The FTIR spectra of two mineral specimens
collected as barite from the localitie Zletovo (1 and
2) as well as the spectrum of synthetic BaSO, (3)
are shown in Fig. 5 and the Raman spectra are
given in Fig. 6. The identical infrared, on one
hand, and Raman spectra, on the other, of the two
natural specimens Zletovo unequivocally shows
that they belong to the same mineral (barite). The
infrared as well as the Raman spectrum of the syn-
thetic BaSO, is also very similar to the correspond-
ing spectra of the natural minerals. However, the
band frequencies are slightly different, the largest
shift (for one of the v; components) in the infrared
spectra amounting to 7 cm™ (Fig. 5). The fre-
quency differences in the Raman spectra (Fig. 6)
are smaller and do not exceed 3 cm™. It could be
taken as an additional evidence that the studied
mineral samples are BaSO,.
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Fig. 5. The FTIR spectra of two barite specimens from
Zletovo (1 and 2) and its synthetic analogue (3)
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Fig. 6. The Raman spectra of two barite specimens from
Zletovo (1 and 2) and its synthetic analogue (3)

As in gypsum, as a result of the lower local
symmetry of the SO,* anions in the solid state, the
IR-inactive (for 7Ty symmetry) v; and v, modes
should become active. In fact, a very weak infrared
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band indeed appears (see Fig. 5) at 982 cm™, i.e. in
the region where the v, mode is expected. No
band, however, can be located in the v, region, ir-
respective of the fact that there are no water bands
to obscure the region. The absence of the in-plane

bending v, mode in the infrared spectra of barite
was interpreted as being due to the high effective
symmetry of the force field for this mode. This
explanation can be tentatively proposed in the case
of gypsum as well.

CONCLUSION

It was found that the band originating from
the v, sulfate mode (expected at around 450 cm™)
does not appear in the infrared spectra of either
gypsum or barite. This was interpreted as being
due to the high effective symmetry of the force
field for this mode.

It was also shown that the IR spectra of the
natural mineral gypsum and its synthetic analogue
are very similar, whereas the spectrum of the syn-
thetic barite shows some frequency differences
compared to the spectrum of mineral barite (the
differences being especially pronounced in the re-
gion of the v3 sulfate modes).

No significant differences were found be-
tween the Raman spectra of gypsum and of its syn-
thetic analogue as well as between the Raman
spectra of barite and synthetic BaSO,.

The study of the IR and Raman spectra of the
mineral which was previously thought to be anhy-
drite showed that the studied mineral is, in fact,

gypsum.
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Peszuwme

MHUHEPAIJIA O MAKEJTOHUJA
V. KAPAKTEPU3AIIUIA HA THUIIC U BAPUT U HUBHUTE CUHTETHUYKHW AHAJIO3U
CO ITOMOIII HA FTIR-CIIEKTPOCKOITHUIA

Bukrop Credos', [nurop Josanoscxu'', Bojan Montpajanos’,
Bunjana Munyesa-llyxkaposa', Cangpa qumutposcka', Bnaxo Boes’
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Knyunu 36opoBu: cyndaTHi MUHEpany; rumc; 6aput; Makenonuja; ®ypueosa Tpancgopmna (FTIR)

M paMaHCKa CIeKTPOCKOIHja

H3yuyyBanu ce ®ypueoBHTE TpaHC(OPMHM HH(ppa-
upBenn (FTIR) 1 pamasncku cnekTpu Ha runc (CaSO,2H,0)
u Gaput (BaSO,) of pa3nuuHM JIOKanuTeTH BO Make-
nouuja. HacnpoTu nperckakyBamaTa 3aCHOBAaHH Ha Te-
opHjaTa Ha TpynuTe, HAjIEHO € ficKa JIEHTATa IITO MOTeK-
HyBa Ofi V, cyidaTHHOT MOJA (04eKkyBaHa Ha okoay 450
cm™") He ce nojaByBa BO HH(PALPBEHATE CIEKTPH Ha CHII-
coT ¥ GapupoT. OBa OUMIJIEHO CC AOJKH Ha BHCOKATa
eeKTUBHa CHMETpHja Ha CHJIOBOTO MOJIE 3a OBOj MOf.
WHpaupBeHUTE N PAMaHCKATE CNEKTPH Ha NPUPORHHOT
THNC U HEFOBHOT CHMHTETHUYKH AHAJIOT CE MHOTY CIHYHH.

* ABTOp 3a KOpEHCIOH/IEHIIHja.
Tel. +389 2 117 055; fax: +389 2 226 865
e-mail:gligor@pmf.ukim.edu.mk

Opn apyra cTpaHa, PerMCTpPUpaHu ce Masd (HpeKBEHTHH
pa3nukn (0co6eHO H3pa3eHH BO MOApAYjeTO HA Vi CYJI-
(paTHUTE MOJOBH) NoMery UH(palpBEeHATE, OAHOCHO pa-
MaHCKHUTE CIIEKTPH Ha MPHPOAHUOT IMIIC U HETOBUOT CHH-
TETHYKH aHanor, coofisetTHo. syuyBanu 6ea, MCTO Taka,
1 MH(PALUPBEHUTE U PaMaHCKUTE CIEKTPU Ha MUHEPAJIOT
KOj NpETXOAHO OHN KapaKTEpH3WpaH KaKo AaHXHIDHT.
Hako HeroBuTe MOpP(OJIOLIKY KapaKTEPHCTHKU (OGMHK,
60ja ¥ MpO3payHOCT) ce MOTMNOJNIHO Pa3IUYHA O OHHME Ha
NPHUPOAHUOT CHIIC, MOKAaKaHO € JleKa U3y4yBaHHOT MUHE-
pajl BCYUIHOCT € THIIC.
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