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ABSTRACT. Using a laser "Raman" spectroscopy are found not listed at this moment minerals in the deposit "Chelopech”, namely Anglesite (PbSO4) and Cubanite
(CuFe2S3). The main advantages of spectroscopic methods are successful chemical and structural characteristics of the samples in sizes less than 1 ym in diameter,
as well as rapid and specific identification of minerals and ores. The values of the acquired spectral peaks in the analysis of minerals from the studied rock samples,
differed by about 1-2 cm-! with those of a database RRUFF and in literature, which is perfectly acceptable, as the difference could be due to the inclusions of another
minerals or elements within the researched mineral, or interference in medium during the process of analysis. Anglesite is a typical Pb-containing secondary mineral.
Spatial and structural relationships of mineral are the basis to be assigned to galena-sphalerite mineral association in the deposit. In the studied samples are found
together with the ore minerals cerusite, pyrite, galena, sphalerite and tennantite, and the gangue minerals quartz, barite, anhydrite and kaolinite. The newly
determined cubanite is found in association with pyrite, chalcopyrite, tennantite, sphalerite, quartz and anatase. This Cu-Fe-sulfide is more typical for a high-
temperature type of hydrothermal deposits, where occurs together with pyrrhotite. Cubanite from the deposit "Chelopech” is a rare ore mineral deposited in the main
stage of hydrothermal mineral formation and belongs to the pyrite-chalcopyrite mineral association.

NA3EPHA ,,PAMAH” CNEKTPOCKOMWA HA AHFNE3WUT U KYBAHUT OT HAXOOMLLE ,,YENONEY”
Jumumsp Mempoe
MunHo-2eonoxku yHugepcumem "Ce. Mear Puncku", 1700 Cogpus

PE3IOME. C nomoluTa Ha nasepHa ,PamaH’ cnekTpockonusi ca yCTaHOBEHM HEOMMCBAHM KbM TO3W MOMEHT MUHEpanu B Haxoguile ,Yenoney’, a UMEHHO aHrnesut
(PbSO4) 1 kybaHuT (CuFe2Ss). OcHOBHM NpeauMCTBA Ha CMIEKTPOCKOMCKMS METOA Ca yCrelHaTa XUMUYecka v CTPYKTYpHa xapaKTepucTuka Ha npobu ¢ pasmep no-
Manbk oT 1 UM B MameTbp, Kakto 1 6bp3aTta u cneunduiHa MHAEHTUdMKALMA Ha MuHepanu u pyan. CTOMHOCTUTE Ha MOMyyYeHWTe CMeKTpanHu MUKoBe npu
aHanuaupaHe Ha MiHepanu oT 3CneaBaHUTE CkanHu npenapaTy ce pasnuyaeat ¢ okono 1-2 cm™, ¢ Teau ot 6asa AaHHM RRUFF v no nutepaTypHyu AaHHW, KOeTo e
HambNHO AOMYCTUMO, KaTo pasnukata 61 Morna Aa ce AbMKM Ha BKIKYEHUS OT pYr MUHepan B pamkuTe Ha uacnenBaHusi obpasel|, BKIOYEHWUS OT XMMUYHM
€NTeMEHTV NN CMYLLEHWS B CpefaTa Npu npoLieca Ha aHanuaupaHe. AHMenTsT e TunudeH Pb-cbabpikaly BTOpryeH MiuHepan. MpocTpaHCTBEHUTE U CTPYKTYPHU
OTHOLLIEHMS HA MUHEpana ca OCHOBaHWe Toit ja 6be NPUYMCIEH KbM ranernT-chaneputoBata MUHEpanHa acounaLms B HaxoauLLeTo. B nacneasanute obpasuy ce
cpelja CbBMECTHO C PYAHUTE MWHEpanu LEpycuT, MUPMT, raneHuT, caneput W TEHaHTUT, KakTO M C HepyaHuTe kBapl, OapuT, aHXWApUT WU KaomuHuT.
HoBoycTaHOBeHUAT KybaHMT e B acouMauusi ¢ MUPUT, XankonmupWT, TeHaHTuT, cdanepwt, kBapy W aHatas. Toan Cu-Fe-cyndua e no-xapaktepeH 3a
BMCOKOTEMMEPATYPEH TUN XMAPOTEPMANHM HaXOAMLYa, B KOUTO Ce CPeLLa CbBMECTHO M C MMPOTUH. KybaHuTbT oT Haxoauwe ,Yenoney” e psabk pyaeH MuHepan,
OT/NOXEH Hai-BepOSTHO B HAYanoTO Ha OCHOBHMA XMApOTEpManeH CTaguil Ha MuHepanoobpasyBaHe M MPUHAANEXM KbM MUPUT-XanKomupuTOBaTa MUHEpanHa
acouypauus.

Introduction The main advantages of spectroscopic methods are
successful chemical and structural characteristics of a sample
The laser "Raman" spectroscopy has been applied to in sizes less than 1 pm in diameter, as well as easily and
minerals since its discovery in 1928 (Raman and Krishnan, proper identification of minerals and ores. To ascertain the
1928). It should be noted that "Raman" spectra of minerals is relative presence and qualitative determination of minerals in a
not strictly defined in comparison with those of gases and studied rock samples, it is used a method of obtaining spectra
liquids. This means that the positions and relative intensities of in a system of spots, located over the entire surface of the
the waves may differ slightly in one spectrum to other, sample (Haskin etal., 1997) Serious advantage of the method
depending on the orientation of the crystal lattice and/or the in the qualitative diagnostics of minerals is the speed of
presence of impurities or defects in the crystal structure (White, obtaining the result (within 1-2 minutes) and lack of preliminary
2009). "Raman" spectroscopy is a suitable method for preparation of the sample for analysis. It is recommended that
qualitative determination of mineral species. The intensity (the the analysis to be conducted on fresh mineral surface. This
height of the wave spectra) can not be used for carrying out a method provides a means of obtaining spectra of very small
quantitative analyzes and determining the concentration of a mineral grains with different orientations, which in turn opens
chemical element in a studied sample. The positions (shift) of ~ the possibility for new future geochemical identification of ore
the wave’s peaks, but not the intensity are reported usually in minerals.

the literature.
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Despite  considerable advantages of the "Raman"
spectroscopy as a method for diagnosis of ore minerals, it is
relatively rarely used and the database RRUFF for comparison
of the spectra is still not entirely completed. Micro-Raman
spectral analyses of minerals from the gold-copper deposit
"Chelopech” are not published till now and this study is the first
attempt.

Materials and methods

30 polished rock sections for conducting the mineralogical
studies of ore bodies of block Ne 149 form sector "West" in the
gold-copper deposit "Chelopech" are prepared. Small-sized
mineral grains are found after microscopic observation of the
samples. Determination of these mineral grains by standard
microscopy was difficult. 10 polished sections are selected on
which is carried out a laser "Raman" spectroscopy by which
are found not listed at this moment minerals in gold-copper
deposit "Chelopech”, namely anglesite (PbSO4) and cubanite
(CuFe2Ss). Analyzes are carried out at room temperature in the
Laboratory of fluid inclusions of the University of Leoben
(Austria). Laser "Raman" micro-spectrometer Horiba Jobin-
Yvon, laser with a nominal power of 100 mW and a wavelength
of 514 and 532 nm are used (Fig. 1). The “Raman” device
includes a microscope Olympus BX60, camera CCD CV-252,
connected to a monitor for direct observation, computer system
and specialized software LabSpec.

Microscope
Olympus BX 60

Fig. 1. Lasers "Raman" micro-spectrometer HORIBA in the Laboratory of
fluid inclusions of the University of Leoben, Austria

The data acquisition was performed by 5x5 seconds
exposure and added various filters (from DO0,6 to D2),
depending on the stability of the mineral, as spectra were
recorded with a spectral resolution within 1 - 2 cm'. The
method is essentially a non-destructive one, but the majority of
the ore minerals burn at a long and high-intensity laser
radiation. Spectra manipulation consists in a basic data
treatment, such as base line adjustment and peak fitting within
the figures.

One hundred ninety-four spectra of ore and gangue minerals
which include pyrite, marcasite, pyrrhotite, tennantite,
tetrahedrite, chalcopyrite, enargite, famatinite, sphalerite,
hematite, cerusite, anglesite, cubanite, anatase, quartz,
dolomite, apatite, zircon and others are obtained within the
framework of the studies. The subsequent interpretation and
analysis of spectral data is accomplished with the software
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product CrystalSleuth, which provides an opportunity to
compare the obtained spectra with the database RRUFF. The
database RRUFF was created in order to maintain a full range
of high quality spectral data from well characterized minerals
(Downs, 2006). This database is internet based and freely
accessible, which facilitates its use, sharing and adding. It is a
growing demand for this type of mineral database due to the
increased popularity and use of the "Raman" methodology in
modern geological and mineralogical practice.

Results and discussion

The anglesite (PbSQOs) is a typical Pb-containing secondary
mineral. In the studied samples it occurs together with cerusite,
pyrite, galena, sphalerite and tennantite, rarely with enargite,
chalcopyrite, cubanite, covellite and famatinite, and gangue
minerals quartz, barite, anhydrite and kaolinite (Fig. 2 a and b).
The sulphate minerals such as barite, anhydrite and anglesite
are formed after the main ore forming processes in the deposit
and belong to the fourth stage of mineralization: quartz -
carbonate — barite stage. These minerals probably are formed
as a result of the interaction of cool and with nearly neutral pH
magmatic fluids with the host rocks. The spatial and structural
relationships of anglesite give grounds to be assigned to the
galena-sphalerite mineral association in the ore deposit.

The anglesite is more frequently found in the upper levels of
epithermal systems where the zone of oxidation is favourable
for the forming of sulphate minerals. Under certain conditions
due to the depth supergene weathering, minerals such
anglesite and cerusite could be discovered within the deeper
parts of the deposits containing Pb-Zn mineralization.

Pyrite forming the matrix, in which anglesite and cubanite
have been detected, is observed and analyzed in detail in
earlier studies (Terziev, 1968a and 1968b; Petrov et al., 2013,
and etc.) in the form of two generations that differ in their
structures and relationships with other minerals. The first
generation often forms colloform aggregates with concentric-
zonal, typical "bird's eye" or "atoll-like structures, among which
is registered a cubanite (Fig. 2 ¢ and d). The colloform
aggregates are accompanied by fine semi-euhedral to
xenomorphic fine grains pyrite located nearby the larger pyrite-
marcasite aggregates, which are representatives of pyrite-
marcasite association formed probably at hydrothermal-
sedimentary conditions before deposition of the main economic
associations in the deposit. The second generation pyrite
formed relatively massive aggregates, indicating areas of
growth, marked by alternation of light and dark stripes. Fine
size of the stripes do not allow precise determination of trace
elements by microprobe analyses, but using a laser “Raman”
spectrometer would prove that the differences in optical
properties in stripes are due to different chemical composition.
Anglesite is observed and con firmed by "Raman"
spectroscopy exactly amidst a zonal pyrite of the second
generation in the analysed samples from the "Chelopech"
deposit.



Fig. 2. Microphotos of ore minerals in polished sections from the Western sector of the gold-copper deposit "Chelopech” shot on the microscope with
reflected light which is a part of the Raman device.

a. - anglesite among pyrite matrix;

b. - mineral grain of anglesite among pyrite and gangue minerals (black);

c. - grain of cubanite among the "atoll"-like pyrite;

d. - mineral aggregate of cubanite in contact with chalcopyrite in matrix of pyrite and gangue minerals.

Legend: Ang - anglesite; Cpy - chalcopyrite; Cub - cubanite; Py - pyrite. With a circle is marked the location of laser radiation.

It should be noted that the volume of the studied polished
samples and the number of registered mineral grains
anglesite and cubanite is too small to be able credibly attach
these minerals to the typical spatial distribution of mineral
associations within the ore bodies of the deposit.

It is presented on Figure 3 the obtained spectrum of
anglesite from the "Chelopech" deposit compared with those
of database RRUFF (Ne R050408, natural anglesite from the
"Tsumeb" deposit, Namibia) and after Griffith (1970). The
positions of the main waves in the spectrum of the mineral
are marked by numbers. Typical peaks in the "Raman"
spectral waves of anglesite from the "Chelopech" deposit and
published data are presented in Table 1, as in Figure 3 are
included only the spectra obtained at 514nm wavelength.

On the presented figures, it is clear that the characteristic
peaks are marked at 78, 93, 138, 153, 184, 438, 449, 605,
643, 975, 1056 and 1157cm1. Some values of these peaks
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vary by about 1-2 cm-! in the spectra of anglesite according
to the published data, which is perfectly acceptable and they
are within the sensitivity of the spectroscope. It follows that
the micro-spectral analysis is trustworthy, but it is advisable
that the presence of the mineral to be confirmed by other
types of analyzes. A confirmation with other types of analysis
(e.g. microprobe analysis) should be obtained for the
cubanite as well.

In case if there are vast differences in the shift of the
spectrum, or the presence of additional, well-defined peaks, it
could be due to inclusions of other minerals within the
studied sample, inclusions of trace elements and/or
interference in the environment during the process of
analyzing. In certain cases and in a more precise analysis,
except the type of mineral it could be inferred and the nature
of the inclusions of other chemical elements in the structure
of the studied sample.
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Fig. 3. "Raman" spectra of anglesite (PbSO4) at 514 nm wavelength (A: anglesite after Griffit, 1970; B: anglesite by database RRUFF Ne
R050408, "Tsumeb” deposit, Namibia; C: anglesite - analysis Ne 15-6-10, "Chelopech" deposit, Bulgaria)

Table 1.
"Raman" spectral waves peaks of anglesite (cm')
Cm;‘ggf 3;?0 » iRﬁgl;Foggzaob: S? &f;i';eBgz%?rdiggzl | after Grfitn, 1970 | after Beny, 1991
sumeb” deposit
78
93 95 96
138 136 133
153 152
184 184 184 181
438 439 438 438
449 450 450 449 449
605 606 553 604 605
611 617 617
643 643 646 641 643
975 978 978 977 977
1056 1058 1058 1052
1140
1157 1158 1157 1155 1156
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Fig. 4. "Raman" spectra of cubanite (CuFe:Ss) at 532 nm wavelength (A: cubanite by database RRUFF Ne R061068, "Hendersen-2" deposit,
Canada; B: cubanite - analysis Ne 15-6-11, "Chelopech" deposit, Bulgaria; C: cubanite - analysis Ne 26-4-02, "Chelopech" deposit, Bulgaria)

Table 2.
"Raman" spectral waves peaks of cubanite (cm-')
An. Ne15-6-11 AnNoze4gp | RRUEF Gatabase Synthetic cubanite
“Chelopech” deposit | “Chelopech” deposit “Hen de_rson-2” deposit (after Chandra et. al., 2001)
128 126
287 287 285 286
332 328
342 337
375 375 373 374
426 427
471 471 469 469
The newly identified in the deposit "Chelopech" cubanite where occurs together with pyrrhotite, pentlandite, pyrite and
(CuFezSs) is in an association with pyrite, chalcopyrite, sphalerite. The most often it is found as intergrowths with
tennantite, sphalerite, quartz and anatase. This Cu-Fe-sulfide chalcopyrite and pyrite.

is typical for high-temperature type of hydrothermal deposits,
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The cubanite from the "Chelopech" deposit is a rare ore
mineral, deposited probably at the beginning of the main
hydrothermal ore-forming stage and it belongs to the pyrite-
chalcopyrite mineral association. According to the published
data cubanite from the "Hendersen-2’ deposit, Canada
(database RRUFF Ne R061068), the positions of the "Raman”
spectra’s peaks are indicated at 126, 285, 332, 373 and 469
cm” (Fig. 4). The micro-Raman spectroscopy studies on
synthetic cubanite showed strong wave modes at 286, 374 and
469 cm' and weak at 328 cm! (Table 2). It is assumed that
the peaks at 286, 332 374 cm™' mark the group of Fe-S, and
that at 469 cm-' of the Cu-S in the wavelength range of natural
cubanite at room temperature (Chandra et. al., 2001). The
studied mineral grains of cubanite are within the range of 2-3
pm, often sprout with chalcopyrite in pyrite matrix. Namely
microscopic inclusions of chalcopyrite and pyrite in the analysis
of cubanite from the "Chelopech" deposit are due to relatively
well expressed wave’s peaks at 342 and 426 cm-! in analysis
Ne 15-6-11, and at 337 and 427 ¢cm-' in analysis Ne 26-4-02.
On the presented Figure 4 and Table 2 it is shown a strong
similarity between the two wave regimes in the spectrum of
studied cubanite, although both analyses were performed on
samples from different ore bodies within one and the same ore
block.

Conclusions

The laser "Raman" spectroscopy as quick and generally
non-destructive method which provides an easy opportunity for
a qualitative characteristic not only of liquids, gases and
homogeneous solid materials, but also to the zonal,
heterogeneous and impure ore and gangue minerals.

In addition to those listed so far advantages of this method
we can add the ability to compare and clarify the ore-forming
and geochemical relation of the same mineral in different ore
environment.

Together with the microscopy, X-ray and geochemical
assays the laser “Raman” spectroscopy it is a modern powerful
diagnostic tool for mineral identification in ore deposits studied.
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