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XII. THE DEPENDENCE OF QUARTZ AND OPAL COLOR ON TRACE ELEMENT
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The dependence of the color of quartz and opal natural minerals, collected from different localities in the Re
public of Macedonia (Alinci, Belutce, Budinarci, Mariovo, Sasa, Sa!devo, Cani~te, Ce~inovo, Zletovo) on their ele
ment composition is studied using Fourier transform infrared spectroscopy (FT IR), micro-Raman spectroscopy and
atomic absorption spectrometry (AAS). In order to determine the content of different trace elements (AI, Cd, Ca, Co,
Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb and Zn), 15 quartz and 2 opal mineral samples, using flame atomic absorption
spectrometry (FAAS) and Zeeman electrothermal atomic absorption spectrometry (ETAAS) are studied. To avoid
matrix interferences, the method for elimination of silicium is proposed. Optimal instrumental parameters for
ETAAS determination (temperature and time for drying, pyrolysis and atomizing) are established by extensive test
ing for each investigated element. It is found that the milky white color of quartz minerals is due to the presence of
traces of Ca, the appearance of black color is the result of the existence of Pb, Mn and AI impurities, and the occur
rence of Fe and Cr introduce appearance of red and green color, respectively.
Preliminary identification of the minerals is based on the comparison of our results, obtained by using the in
frared and Raman vibrational spectroscopy, with the corresponding literature data for the analogous mineral species
originating all over the world.
An overview of the basic morphological and physico-chemical characteristics of the quartz and opal minerals
and the geology of the localities is given. The colored pictures of the studied quartz and opal minerals are presented
as well.

Key words: quartz; opal; color; minerals; Macedonia; FT-IR spectroscopy; Raman spectroscopy;
atomic absorption spectrometry

INTRODUCTION
Minerals are natural occurring inorganic sub
stances with a relatively constant chemical compo
sition and fairly define<:t physical properties. Min
erals obtained during the long geological period of
their formation are not absolutely pure without any
contamination. It means that most minerals contain
extraneous substances that change some of their
characteristics. There are a number of elements
that are quite easily interchangeable, influencing
one mineral to grade into another. Also there are
many cases where some inclusions into mineral

crystals are introduced. Therefore, there are impor
tant reasons to analyze trace elements in different
minerals: i) to determine the purity of minerals; ii)
to get information about the geology of mines and
mine localities; iii) to detect very rare and impor
tant elements etc.
The pure quartz is colorless, but the presence
of impurities may cause a whole range of colors
[1]. Several studies have been conducted linking
the black [2], brown [1], blue [1, 3-6], green [1, 2,
7-12], violet [9], pink [2, 3, 10, 13-16], yellow
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and oran ge [:. i"7; ami re d i " ::. 18] color witL it:,
trace element composition. Some quartz varieties
are not caused from the presence of trace elemel1l ~ .
but from the structurai difference ~ . For example. it
is found that milky quanz appears due to numerous
bubbles of gas and liquid in the crystal [1].
Opai or amorphous silica, is commonly color
less. One of the most striking qualities of the less
common colored gem variety is its ability to reflect
and refract specific wavelengths of light. The dif
ferences between the two forms are not related to
chemical compositional differences between the
two materials [19]. Color, particularly in red hues,
is often found in opals both with and without dif
fraction colors [2]. These hues are commonly en
countered in opal and the red colors are associated
with Fe3+ oxidation state of iron. Opals from some
localities are colored blue due to the presence of
copper minerals [2].
In this study various trace elements (AI, Cd,
Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb and Zn)
in 15 quartz and 2 opal samples are analyzed by

fiam e atomic <lDsmption ~I'~·c t ro m e l r:. (FA.\ S ) and
Zeeman electrothermal atomic absorpti on spec tro
metry (ETA AS ). Preliminary identifi catio n of th e:
studied minerals is performed using vibrati onal
(FT lR and Raman ) spectroscopy.
The infrared [20-25] and Raman spectrum of
a-quartz [26-30] have been extensively studied for
many years, mostly, because of its piezoelectric
characteristics, lack of inversion center (manifested
by the appearance of the polar modes in both the
infrared and the Raman spectrum) and temperature
dependence of the several modes across the a
,Bphase transitions. Despite the large number of
experimental and theoretical studies of the assign
ment of the bands, its vibrational spectrum is still
not well-understood [26].
Basic morphological and physico-chemical
characteristics of the minerals and the geology of
the localities are given as well as the colored pic
tures of the studied quartz and opal minerals.

EXPERIMENTAL

Samples
The studied quartz samples collected from
different localities in the Republic of Macedonia
are included: Budinarci (4 samples), Mariovo (4),
Alinci (2), Caniste 0), Belutce (I), Sasa (1), Zleto
vo (I), SaZdevo (1). Two opal samples from Cesi
novo locality are also studied.
The crystals of the investigated minerals are
carefully picked up under a microscope from the
ore samples and then powdered.

Inst rumentatio/1
The mid IR spectra of the studied samples are
recorded on Perkin-Elmer Ff IR system 2000 in
te:-ferometer using the KBr pellet method for the
sample preparation.
The Jobin-Yvon LabRam Infinity spectrome
ter with microscope (jx 20) and with 532 nm laser
line of a Nd- Y AG frequency-double laser is em
ployed for recording the presented Raman spectra.
The measurements are carried out at the room tem
perature and spectral data analyzed with the
GRAMS/32 software package.
A Varian SpectrAA 640Z Zeeman electro
thermal atomic absorption spectrometer with a Var

ian PSD-IOO Autosampler is used for determination
of the content of trace elements Cd, Co, Cr, Cu, Ni
and Pb. The FAAS measurements of analytes are
carried out by Thermo Elemental Solaar S4. Thermo
Solaar S4 also served for flame atomic emission
spectrometry (FAES) of sodium and potassium.

Dissolution ofmineral samples
The powdered quartz and opal samples (0.1
0.2 g) are put into platinum crucibles and 5 ml
conc. HN0 3 , 2 m) HCI, 1 ml H 2 0 2 and 2 ml of HF
are added. Crucibles are heated on hot plate and
the solution evaporated to near dryness. After that
1-2 ml HF are added few times until precipitate of
Si02 is eliminated as SiF4 vapors. After cooling
down to the room temperature, 2 ml conc. HCl and
5 ml redistilled water are added, the solution trans
ferred.in 50 ml volumetric flasks and filled lip with
redistilled water.

Gravimetric determi1lation of Si0 2
0.5 g of powdered sample is put in a glass
beaker, 15 1111 redistilled water, 20 ml conc . HCl
are added and the solution evaporated to near dry
ness. The residue is dissolved with 10 ml I % gelaBull. Chcll1. Techno! Macedonia. 23. 2.171-1 84 (2004 )
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tin and Si0 2 precipitated and coagulated. Precipi
tate is filtered and washed with HCI solution
(5:95). Filter paper and residue are transferred into
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a platinum crucible and heated on 1000 "c for 10
min. Crucible is weighed and the content of SiO:!
calculated .

MINERAL ASSOCIATIONS OF THE STUDIED QUARTZ AND OPAL
A brief overview of the basic morphological
and physico-chemical characteristics of the quartz
and opal minerals is given below. The localities

with the particular aspect on their geology are de
scribed and are placed in the map of the Republic
of Macedonia (Fig. I).
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Fig. 1. The localities of the studied quartz and opal samples in the Republic of Maccdonia:
I) Alinci, 2) Caniste, 3) Budinarci. 4) Bclutcc, 5) Sasa. 6) Zletovo, 7) Cesinovo. 8) Mariovo, 9) Sazdevo

Alinci locality
The geology of Alinci locality is character
ized with alkali syenites, amphibolites, gneisses,
and muscovi te schists and marbles [31].
Quartz with different size crystals emerges in
aplite and pegmatite veins, which are basically
built up of quartz and microcline. According to this
type of origin, the appearance of incorporation be
tween the quartz and microcline occurs. Since arf
vedsonite is very common for this locality [32], the
quartz crystals are fulfilled with needles of this

fnac. xeM. TeXHon. MaKe):lOHllja, 23. 2.171-11\4 (2004)

mineral. It means that, in the process of their for
mation, the development of quartz comes after the
arfvedsonite formation.

Cal1iste locality
On the western edge of Selecka Planina the
locality Caniste lies. This deposit is remarkable
because of the large number of scattered minerals
which originate from the pegmatite (in the garnets)
and gneiss series [33].
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The Caniste pegmatite body is lens-formed,
bur deep in the ground it becomes thinner and
adopts vein structure. It is mainly made from feld
spars (amazonite), muscovite, garnet, biotite and
quartz. The latter appears in the inner part of the
body whereas the feldspars surround its external
part. It is interesting that beautiful quartz crystals
(with significant dimensions) come into sight in
the gaps of the pegmatite body. Since the quartz is
developed from the contacting fragments of the
rock and feldspar, the dominant part of the quartz
in Caniste is massive.

Budinarci locality
The Budinarci village is situated about 12 km
northeast from the Berovo city. The rocks around
the village are composed of micashists, gneisses
and granites,
Quartz veins, which generically have pegma
tite origin, intercept the gneisses very irregularly.
The size of the veins varies and quartz appears as
either well-formed crystal aggregates or beautiful
monocrystal species, from transparent, across
slightly smoky, to totally dull. Although quartz veins
are dominant, the wide granite veins are also typical
and found in the above mentioned rocks [34].

Belutce locality
The locality Belutce is situated on the south
ern part of Mariovo. Basically, it lies on a quartz
pegmatite vein that once has been used for the pro
duction of sodium feldspar (albite), The main min
erals originating from this vein are apatite, ortho
clase, microcline as well as quartz [35].
Here, it should be stressed that beautiful
prismatic quartz monocrystals over 15 cm long
from the pegmatite from Pelagon appear in the Be
lutce pegmatite body. These crystals are ideally
developed and reach 15 em in length. Although the
transparent quartz samples are characteristic, the
smoky quartz appears as well.

Sasa locality
The mineral composition of the are minerali
zation in this locality is very complex and basically
represented by a variety of minerals formed in dif
ferent mineralization stages (metamorphic, scares,
hydrothermal) [36, 37].

In the hydrothermal stage of formation of
Sasa locality, an intensive silification represented
with the small-grained quartz aggregate appears.
The aggregate replaces the basic gneiss minerals.
The appearance of considerable amounts of well
shaped crystalline quartz is characteristic as well as
the common association of this mineral with ga
lena, sphalerite and, occasionally, with the carbon
ate minerals.

Zletovo locality
In the lead-zinc vein type hydrothermal de
posit, several major types of are parageneses are
established, particularly in the low temperature
paragenesis where quartz and chalcedony minerals
are included in the dominantly oxide-carbonate
associations [38-40].
It should be emphasized that quartz appears in
almost all phases of mineralization processes in
Zletovo are locality. Thus, quartz is present in
high-temperature sulfide paragenesis together with
pyrothine, marcasite, pyrite, sphalerite, chalcopy
rite, galena, tetrahedrite, siderite and hematite. The
presence of quartz is manifested in contact
metasomatic oxide paragenesis with magnetite,
jacobsite, hausmanite, hematite, and garnet as well
as in the mid-temperature sulfide-sulfosalts par
agenesis. The association of quartz and chalcedony
is basically present in low-temperature oxide
carbonate paragenesis where quartz appears ac
companied with siderite, rhodochrosite. calcite and
barite.
The formation of either crystal quartz aggre
gates or monocrystals in all the mentioned differ
ent temperature stages is typical.

Cesinovo locality
The opalization is post-volcanic occurrence as
a result of the influence of hydrothermal solution
(rich in silicium) on the tuffs. In the series of the
Kratovo-Zletovo volcanic area, especially in the
locality Cesinovo, the great coment of volcanic
tuffs occurs [41, 42]. The most dominant part of
the hydrothermal changes is represented with the
opal mineral form. The texture and different color
varieties of opal occur as a consequence of the in
tensity of the process of hydrothermal metamor
phosis on the tuffs. Some of them are characterized
with the presence of tridymite on their surface.

Bull. Chcm. Technol. Macedonia. 23. 2.171-184 (2004 )
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quartz is present, the massive forms of this mineral
occur.

Mariovo locality
Few pegmatite bodies appear in the gneisses
of the Pelagon Metamorphic Complex known as a
Mariovo locality. The bodies are built of the quartz
and feldspar and, basically, have irregular shape
and different size. Excluding the quartz and feld
spar, the appearance of other pegmatite minerals
like dystene, biotite, muscovite is usual. The quartz
is released in the process of the surface decomposi
tion and often found in the lower parts of the peg
matite bodies in the form of irregular and smaller
or larger crystals [35]. Al though the crystalline

SaZdevo locality
A gneiss-micashists series appears in the con
tact part of the Pelagonian-Metamorphic Complex
and the West-Macedonian Zone near the Sazdevo
village. Here. quartz lenses appear, which some
times, could reach 10 m in length. These lenses
sometimes are additionally followed by the well
developed quartz crystals [33].

RESULTS AND DISCUSSION
Identification ofquartz and opal
by FT IR and Raman spectroscopy
The infrared spectra of the studied samples of
a-quartz collected from Budinarci (Fig. 2, a-d) are
presented in Fig. 3, a-d. As it can be seen, although
the color of the samples significantly varies from
almost transparent (Fig. 2, a) to almost opaque
(Fig. 2, d) their spectra are identical. The most ex
pressed feature in the spectra of the samples is the
appearance of triplet of (medium, very weak and
strong) bands in the region from 1200 to 1100
em-I, with the centroides of the bands for all the
samples registered at 1172, 1152 and 1084 em-I,
respectively. Their frequen cies are in accordance
with the literature data, where these bands are

found at 1172, 1150 and 1084 cm- I by Moenke
[22] and at 1165, 1140 and 1085 cm- I by Taylor et
al. [21] (Table 1). The first and the last mode be
long to E, whereas the remaining one to A2 sym
metric type [22]. In the same spectral region, Pa
tersson [24] registered only two bands at 1163 and
1084 em-I. On the other hand, in the infrared spec
tra of powdered quartz sample from Plyusnina [23]
and Relg et al. [25], only one intensive band ap
pears at 1098 and 1088 em- I, respectively. In the
polarized spectrum of a-quartz published by Scott
and Porto [20], the band from A2 symmetry mode
is not registered, but the E symmetric type bands
arise at 1162 and 1072 cm- I (Table 1).

Table 1
Frequencies and intensities ofthe bands in the IR spectra ofpowdered quartz samples
compared with the corresponding literature data
Scott and Porto b [20]

This work"

Moenke [22J

1172w

lIn sh

1I65 sh

1152 vw

1150 sh

1140 sh

1084 s

1084 s

1085 s

1088 s

1084 s

1098 vs

wnw

798 m

798 m

798 m

798m

799m

804m

807 m

779 m

780 m

779 m

779 m

782 m

695 w

697w

694 w

694 w

514 sh

512 sh

512 w

515 sh

461 s

462 s

460 s

467 s

397 w

398 w

397 w

373 w

373 w

370w

Tayloret a!. [21] Reig et a!. [25] Patersson [24] Plyusnina [23]

"All bands appear llt identical frequencies.

~ransverse modes.
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1163 sh

1162 w

795 m
695w

697w
509 m

468 s

450 s
394w
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Fig. 2. The quanz samples from Budinan:i. a - d, Alinci (e - smoky), (1' - marion), Belutce {g), Manuvo (h. i). Mariovo-gray and
transparent (j - light. k - dark). Caniste (I). Sasa (m). Saodevo (n), Zletovo (0) and yellow (p*) and red (pU) opal from CeSinovo
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Going towards lower frequencies , the doublet
at 798 and 779 cm- 1 is observed in all the infrared
spec[ra of the studied Budillarc i sampl s (Fig. 3).
Accordi ng to Ply usn ina [23], the first band could
be blue shifted up to 804 em-I, whereas the ap
pearance of the second one is tolerated in the 779
782 em- I region [21-251. Their appearance is reg
istered at 807 (l ongitudina l) and 795 cm- 1 (trans
verse vibration) in the polarized pectra of quartz
[20].
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spectra (Fig. 4, ( and I*', respectively), as in the
case of quartz, are indistingui hable from each
other. Namely, three bands are observed in the opal
spectra in the 1200-400 cm- I region. The most
typi cal opal LR band is the strongest, complex, but
not well defined maximum at 1103 cm- I. The fre
quency of this band in the literature is obtained
between 1098 [23] and 1102 cm- I [22]. The re
maining two bands observed at 792 and 474 cm- I
(Fig. 4, I' and 1'\ are also in consistence wi th the
li terature data, registered at 804 and 468 cm- l [23]
and at 790 and 490 cm- I [22]. In the spectrum pub
lished by Moenke [22J additional shoulder on the
higher frequency side of the lowest freq uency band
is detected at 503 cm- I , whereas in our spectra its
occ urrence is not well developed.
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Fig. 3. The Ff IR spectra of quartz samples from Budinarci, a-d
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The bands below 700 cm- I in the spectra of
the samples from Budinarci (Fig. 3, a-d) al'o ap
pear at the same frequencies, being again in accor
dance with the published powder IR spectra (Table
1). It is another striking evidence for the preli mi
nary identification of these samples as quartz min
erals.
The infrared spectra of the remaining studied
samples of a-quartz (Fig. 2, e-o) collected from
other localities from Macedonia are presented in
Fig. 4, a-k. There is no doubt that the spectra are
identical to each other and that the ir band freque n
cies are nearly the same as those from the samples
from Budinarci (Fig. 3).
Since all infrared spectra are iden tical, it is
obvious that IR spectroscopy could not di cri mi
nate between the different colored quartz sample
and connect the color with some spectral character
istics and vice versa. In other words, it is impossi
ble, only by the infrared spectrum of the quartz
sample to recognize its color.
The relevant conclusion about tbe color of the
opal samples is also impos ible if only theil' infra
red spectra are compared . Altbough the two stud
ied samples have different color (yellow and red,
Fig. 2, p* and p**, respectively), their infrared
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Fig. 4. The Ff IR spectra of quartz samples from Ali nci
(a - smoky), (b - morion ), Belute:e (c), Mariovo (d, e),
Mariovo - gray and lransparcnl (f - light, g - dark),
Cani ~te (h), Sasa (i), Safdevo (j), Zielovo (k) and
yellow (I') and red (I") opal from Cesinovo

The study continued by recording the Raman
spectra of dle quartz samples from Budinarci (Fig.
5, a-d) in order to see whether this technique can
discriminate between differently colored quartz
samples (Fig. 2, a-d). As seen from the spectra, the
arne number of bands in the spectral region below
1200 cm- 1 is observed. Furthermore, the frequen
cies of these nine bands are almost identical to
each other and are very similar with the corre
sponding literature data [27-30]. In order to com
pare lhem wi th the literature data, the band fre
quencies for the Raman spectru m of the most
transparent sample from Budinarci (Fig. 2, a) are
given in Table 2.
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Table 2
Frequencies and intensities of the bands below 1200 C1/1-1 ill the Rama/l spectrum of powdered quartz sample
ji"o/l1 Budinarci (Fig. 5aj compared Witil rhe corresponding lireralllre data
This work"

Burgio and Clark 1301

McMillan Cl a!. 128)

McMill:.l1l 127)

Wang el a!. t> [29]

1229 vw
1158 vw

b

I 160 vw
b

b

1159 vw

b

1160 vw

1160 vw

1070 vw

1070 vw

1060 vw

1082 vw

797 vw

800 b vw

b

800 vw

808 vw

790 vw

694 vw

b

695 vw

690 b vw

696 vw

690 vw

462 s

466 s

464 s

510 vw

465 s

396 w

398 vw

395 b vw

395 vw

390w

353 w

354 vw

354 w

354 w

360w

260w

262 vw

263 b VW

264 vw

260 vw

200m

208 m

206 m

206m

210m

130 m

128 m

128 m

130 m

• All bands appear at almost identical frequencies.
bThe frequencies are approximate because they are not numerically given.

Only minor differences in the relative intensi
ties between some of the peaks are observed. The
frequency variations are entirely due to the different
sample orientation in the Raman experiment [43].
Although the spectra in this region are almost
identical to each other, significant difference in the
number of the bands and especially in the intensi
ties of the bands above 1200 cm- I is observed (Fig.
5, a-d). Namely, in the spectra of the most opaque
samples from Budinarci (Fig. 2, c-d), a doublet of
bands appears at 1404 and 1374 cm- I , whereas in
the spectra of the most transparent samples (Fig. 2,
a-b) the unique band at 1392 cm- I is registered
(Fig. 5, a-d). Additional bands are observed at
around 1510, 1790 and 1940 cm- I in the samples
(Fig. 5, b-d). Their intensity is again superior for
the both dimmed samples (Fig. 2, c-d). Since no
bands are expected to appear above 1229 cm- I ac
cording to the literature Raman data [28], their
registration is surprising. Most probably the bands
«bove 1200 cm- 1 are due to the sample impurities.
The Raman spectra of other studied quartz
samples from Macedonia (presented in Fig. 2, e-o),
are very similar in 1200-150 cm- I region (Fig. 6,
a-k). Slightly expressed differences are observed
above this region, in the terms of appearance of
weak bands, particularly present in the spectra of
the samples from Mariovo.
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Fig. 5. The Raman spectra of quartz samples from Budinarci. a-d

The Raman spectra of the yellow and red opal
samples presented in Fig. 6, ," and ,", respective'y,
are significantly different. The spectrum of red
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opal is not adequate to the R:.tman spectrum of opal
known from the literature. Probably the incident
laser beam burns the sample. Therefore, this spec
trum can not be compared with its yellow analogue
and can not serve for opal identification purposes.
However, the Raman spectrum of the yellow sam
ple is in agreement with the cOITesponding litera
ture data [44]. According to the Ostrooumov [44],
the position of the lowest frequency Raman band
can be used to classify the degree of crystallinity of
opals. In other words, the band wavenumber for
best crystallized opals is around 325 cm- I ap
proaching to 400 cm- 1 for the most amorphous
specimen [44]. Thus, the appearance of this band
in our spectrum at 393 em-I (Fig. 6, J") serves as an
evidence that yellow opal is amorphous and does
not possess any degree of crystallinity. Obviously,
the Raman bands seem to be more characteristic
for the geographical as well as geological origin
(volcanic or sedimentary) of the sample, rather
than being a powerful tool for correlation of the
opal color vs. its chemical composition.
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Fig, 6, The Raman speclra of quarlz from Alinci (a - smoky),
(b - morion), Belulte (c), Mariovo (d, e), Mariovo - gray
and transparent (f - lighl, g - dark), Cani~te (h), Sasa (i),
Sazdevo (j), Zletovo (k) and yellow (I')
and red (I") opal from Cesinovo

Chelllieal (/Il(i/vsis or fhe slUr/led qL/an~
alld opal samples

One of the major problems in ETAAS is ma
trix interferences. Therefore, the interference of Si
(as a matrix element in the quartz and opal) on the
investigated elements is studied. It is shown that Si
tends to decrease absorbance of the most of the
elements and therefore the method for elimination
of silicium (using HF) is proposed. Optimal in·
strumental parameters for AAS determination are
established by extensive testing for each investi
gated element. Depending on concentration levels
of the investigated element, two different atomizers
are used: flame (for AI, Ca, Fe, Mg, Mn and Zn)
and graphite furnace (for Cd, Co, Cr, Cu, Ni and
Pb). Sodium and potassium are analyzed by flame
emission spectrometry.
Results from the determination of investi
gated elements in quartz and opal samples taken
from different localities in the Republic of Mace
donia are given in Tables 3 and 4.
As it can be seen, the content of Ca in quartz
samples from Budinarci (a and d), Sazdevo, Sasa
and Zletovo, is significantly higher than in the
other studied quartz minerals. The comparison of
the color of these samples with the color of other
specimens undoubtly shows that higher content of
Ca leads to milky colored samples. In some cases,
according to Mottana et al. [1] milky quartz ap
pears white due to numerous bubbles of gas and
liquid in the crystal.
As it is suggested by Rossman [2], the light or
dark brown to black color is due to AI content in
the quartz minerals. Smoky quartz, on the other
hand, is associated with substitutional AI, with
concentration ranging up to a few thousand ppm.
In fact, the smoky quartz color is due to the pres
ence of an oxygen ion, 0- (with a single unpaired
electron) bound to a substitutional AI ion [2]. In
our investigation it is found (Table 3) that the
quartz samples from Budinarci (c and d), and the
morion from Alinci are smoky dimmed and have
the highest content of Al (0,525-3,623 %). Also,
the higher content of Pb and Mn in these samples
can point out those inclusions of those two ele
ments which give additional contribution to the
dark color of the samples.
It is suggested in the literature that green
color of quartz is directly related to its Ni content
[1, 8] and that even traces of Ni introduce green
variety in quartz minerals [45].
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The collfellt o.f some trace elel11ellls (g il'{.'11 as oxides) in natural quartz. and opal samples li"Oll1 Macedonia (ill %)
Locality and figure

1I'( Na)O)

II'(K ~O )

Budinarci (Fig 2. a)

0.591

0,182

w(CaO) w(MgO) II{PbO) II'(Fc20J) w(MnO)

0,972

\I'(Cr~0,1 )

w(AI 20 J ) 1I'(ZnO) w(CuO ) w(oxidcs)

0,296

0,156

1.264

0,177

0,001

0,204

0,005

0.002

2,248

0.258

0,015

0.305

0.013

0.014

3.750

1.959

0.265

0.016

0.525

0.020

0.008

4.292

Budinarci (Fig 2, b)

0.074

0.008

0.294

0.308

0,213

Budinarci (Fig 2, c)

0.507

0.003

0.425

0.316

0.248

3.850

Budinarci (Fig 2, d)

0.126

0.033

0.757

0.072

0.323

1.962

0.501

0.030

0,743

0.014

0.004

4.565

Alinci (Fig. 2, e)

0.216

0.003

0.172

0.046

0.359

4.052

0.654

0.041

0.326

0.017

0.020

5.806

Alinci (Fig, 2, f)

0.039

0.013

0.689

0.158

0.251

3.844

0.323

0.029

2.633

0.077

0.012

8.068

Belutce (Fig. 2, g)

0.050

0.013

0.728

0.338

0.167

0.287

0.249

0.014

0.461

0.016

0.002

2.325

Mariovo (Fig. 2. h)

0.055

0.003

0.255

0.223

0.107

0.275

0.127

0.Dl5

0,266

0.004

0.002

1.332

Mariovo (Fig. 2. i)

0.033

0.001

0.226

0.203

0.114

0.160

0.122

0.017

0.152

0.002

0,002

1.032

0.310

0.002

2.102

0.266

0.036

0.023

0.009

0.010

3.213

0,317

0.203

1.068

0.223

0.027

0.029

0.004

0.003

2.337

Mariovo (Fig. 2, j)

0.077

0.009

0.369

Mariovo (Fig. 2, k)

0.022

0.002

0.439

Cani~te (Fig. 2. I)

0.037

0.001

0.391

0.300

0.210

1.050

0.185

0.023

0.094

0.006

0.003

2.300

Sasa (Fig. 2. m)

1.349

0.002

0.850

0.276

0.002

2.572

0.189

0.037

0.232

0.005

0,003

5.517

Sazdcvo (Fig. 2, n)

0.205

0.019

0.866

0.276

0.132

1.226

0.156

0.013

0.376

0.006

0.002

3.277

0.293

Zletovo (Fig. 2, 0)

0.031

0.003

0,806

0.010

1.727

0.189

0.009

0.190

0.008

0.014

3.280

Cesinovo (Fig. 2, p*)

0.257

0.201

1.254

0.117

0. 131

3.168

1.147

0.096

3,262

0.015

0.013

9.661

Cesinovo (Fig. 2, pn)

0.062

0.047

0.347

0.328

0.115

10.502

0.435

0.049

1.783

0.014

0.004

13.689

On the other hand, Rossman [2] states that the
green color arises from admixed fine-grained
nickel compounds in the silica matrix rather than
from substitutional Ni in the silica itself. However,
Vasconcelos et ai. [45] suggested that Rossman's
hypotheses should be revised because they found
that blue-green color of mineral chrysoprase is as
sociated with the presence of nanoinc1usions of a
nickel phyllosilicate, tentatively identified as the
Ni-talc, willemseite. The presence of Ni which is
responsible for the green color, is in accordance
with the results of our investigation, where the
highest content of Ni amounting from 6.67 to
18.19 Jlglg is found in the samples from Budinarci
- d, Belutce and both samples from Alinci.
The presence of iron oxides is responsible for
the red markings of quartz. Namely, various min
eral pigments (hematite, goethite, limonite) con
tribute to red color [1, 2, 18], this color being the
most common for opal minerals. The red hues ob
served in the opal samples are commonly associ
ated with +3 oxidation state of iron [2]. Our study
confirmed the higher content of Fe obtained in the
quartz sample from Budinarci-b, smoky quartz and
morion sample from Alinci as well as in the opal
samples (especially in the red variety) which is
another striking evidence for the red color in these
minerals.
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Table 4
The content of traces of Cd, Co and Ni (given as
oxides) in natural quartz and opal samples from
Macedonia (in Jig/g)
Locality and figure

CdO

CoO

NiO

Budinarci (Fig 2, a)

0.089

0,663

6.222

arci (Fig 2, b)

0.064

2.399

6.223

Budinarci (Fig 2, c)

0.066

0.835

6.674

Budinarci (Fig 2. d)

0,058

2. 105

11.79

Alinci (Fig. 2, e)

0.027

2.481

11.33

Alinci (Fig. 2, f)

2.615

0.036

18.19

Belut~e

1.882

0.D25

7.407

Mariovo (Fig. 2, h)

1.287

0,014

2.713

Mariovo (Fig , 2, i)

1.299

0.017

1.897

Mariovo (Fig. 2, j)

0.007

1.504

9.192

Mariovo (Fig. 2, k)

0.009

0.967

4.964

Cani~te (Fig. 2, l)

5.336

(Fig. 2. g)

0.794

0,022

Sasa (Fig. 2, m)

1.843

0.022

5.993

SaZdevo (Fig. 2, n)

1.321

0.008

4.437

Zletovo (Fig. 2, 0)

1.846

0.126

12.68

Cesinovo (Fig. 2, p.)

1.413

0.035

10.81

Ce~inovo (Fig . 2, p")

2.138

0.053

5.945

182

I'. i\1l11,n'.,ki. G. }m'Gllol 'Ski, T. :,tajiIOI', ii. fluel'

CONCLUSIO. . _
It is presented that vibrational (infrared and
Raman) spectroscopy could not discriminate be
tween the different COIOi varieties of quartz and
opal as welL However, the mentioned minerals
from Macedonia have not been previously system
atically studied by vibrational spectroscopy, the
presented spectral data being significant contribu
tion in their identification and characterization.
The performed complete chemical analysis
shows that the trace element content is the only
reason for different colors of these quartz samples.
Thus, the red color of quartz and opal is connected
with the presence of Fe, the green varieties have

significant amount of Ni, Ca leads to milky colored
samples, and light or dark brown to black color is
due to the present AI, Pb and Mn trace element(s).
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KJl)"IIIH 300P08JI: KBap~;

onaJl; 50ja; MHHepaJll1; MaKeI-(OHHja; <llT-I1U cneKTpocKonHja;
paMaHcKa cneKTpocKonHja; aTOMCKa ancopm.\HoHa cneKTpoMeTpnja

I13Y4YBaHa e 3aBHCHOCTa Ha 60jaTa Ha npHpOJ1HHTC
MHHepaJlH KBap~ Ii onaJl c06paHH 01-( pa3JlH4HH JlOKaJIH
TeTH BO Peny6JlHKa MaKel-(OHHja (AJlI1H~H, EeJlYT'Je,
EynHHap~H, MapHoBo, Caca, Ca)J(neao, '1aHHwTe, '1ewH
Hoao, 3JleToBo) OJl, COJ1p)J(HHaTa Ha eJleMeHTHTe ao Tpanl
co npHMeHa Ha <l>ypHeoaaTa -rpaHcq,opMHa HHq,pa~paeHa
cneKTpocKonHja (<l>T-I1U), MHKpopaMaHcKa cneKTpocKO
nnja H aTOMCKa ancopm.\HoHa cneKTpoMeTpHja (AAC).
3a onpeJl,eJlYBalhe Ha COl-(p)!(HHaTa ria pa3JlH4HH eJle-

r!13C.

xeM.

TCXHO.1.

i'-1,u.:eAollllja. 23. 2. 171-1R4 (2004)

MeHTH BO Tpam (AI, Cd. Ca, Co, Cr, Cu, Fe, K, Mg. Mn, Na,
Ni, Pb H Zn) J1CmlTyaaHH ce 15 npHMcpOl..\H 01-( KBapll Ii 2
npHMepoKa on onaJl co KOpl1CTelhe Ha IlJlaMeHaTa aTOM
CKa ancopnlJ,HOHa cneK-rpoMeTpHja (ITAAC) H 3eMaHoaa
Ta eJleKTpOTepMHtlKa aTOMCKa allcopm..\lIoHa cneKTpo
MeTpHja (ETAAC). 3a eJlHMI1HHpalhe Ha anI1aHHeTO Ha
MaTpnl.\aTa npel-(Jlo)J(eH e MeTOI-( 3a oTcTpaHYBalbe Ha CH
JlI1lJ,HYMOT. YTBpl-(eHH ce OnTHMaJlHHTe HHCTpYMeHTaJlHH
YCJlOBH 3a onpeneJlyaalhe Ha ceKoj ncnl1TYBaH eJleMeHT co
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npmlCHLI JILl

ETAAC

I 1'C~m~'Pi l'!:. Di i J: H!)C~IC Ita C\·WCII,t: .

nl1pomlJu II ::J1'OMI!3aUllja) . Haj,n cH o C ;:Ieh;] ~1.1 C L1I10 6ena
1'3

00ja JIa IlPI1~ICpOIlIlTt: 0 )1 hll<lpU CC 1l0!1h:H Ba npIICYCT

nOTO H<I Tparll 011

Ca,

1l0janUT<l I·W l\pHO 06ojYBal-bC C hUKO

pe3~'J1TaT H3 IlpllCYCTBO HLI HC'IIICTOTI1I1 OA
npl1cYCTBOTO JlU

Fc

11

Cr

Ph. Mn

11

AI.

<l

AOBeAYBa AO nojuna Ha l\PBCHO,

onHOCHO :3eneHO ooojYBal-be Ha MHHcpanHIITe npHMCpOl\Il.
I1AeHTHcpHKal\Hja1'u Ha MHHepaJIHTe e H3BpweHu co
cnopeAoa

Ha

UOCI '

paMalICi : :IT: , Illlll)laUllOlill

CIICKTPOcI':0I111.i a

co

coonllCT

HII1'e JJllTCpaTyplll i nOA3TOl\11 AoolleHH 3L1 IICnI!T)'IlLlHlIT<::
npIJ~Il:pOUJI

Hn

lluncH c

~III1ICpLlJ1l: ,

npcrJl<::n HU OCIlOIlIlIITC

CPIBI1'IKO-XnfllcKII

KUPUKTCPHCTI1KII

~lOpcpOJJOWKn II
Hi!

MlIHCpaJ1llTC

KBUpU Honan, KaKO 11 reo.TJOrl1juTa HJ .nm::a.TIIITCnlTe Oil
KOI1 cc 3CMeHII MHHCpUJlIlTe. TIpHKa)KJHI1 ce 1\ CJlIlKIl no
ooja 011. CHTe \f3)ItIYBUHH npHMepOl\H.

AOOHeHllTe pe3YJ1TaTH 011. HHcppal\pBeHaTa Jl
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