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Abstract: The present study was performed to describe an occurrence of very big crystals of brucite and its
associated minerals in locality of 'Rzanovo. It was also intended to describe the conditions of crystallization of such a
big crystal. Within highly altered peridotite host rock in ‘Rzanovo region, acicular, up to 80 cm in size, colorless
crystals of brucite were found. It has been also found as small, and in some places large lenses filled with acicular
brucite. Crystals were found in serpentinized ultrabasic rocks, within veins. Needles are perpendicular to vein walls.
Chemical composition is determinated with ICP-MS. MgO (66.39-69.13), Al.03 (0.343-0.601), FeO (1.956-4.025),
MnO: (0.239-0.360), TiO2 (0.003-0.009), LOI (25.1-27.4). lts unit cell is: a = 3.1458 (7), ¢ = 4.766 (2) A (rhombo-

hedral a = 2,4130 A, « = 81.36°), V = 40.84 (2) A3, Z = 1.
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INTRODUCTION

Brucite is a hydroxide mineral that belongs to
the hexagonal crystal system and has the formula
of Mg(OH). (Mottana et al., 1983). Brucite can be
transparent, green, blue or grey, and manganese-
rich varieties (substitution of Mn# for Mg) are
deep brown or brownish red. Brucite has a hard-
ness of 2% and appears in foliated, scaly or finely
granular masses (Anthony et al., 2001-2005). Bru-
cite is a metamorphic mineral and is found in car-
bonate rocks in low-temperature hydrothermal ve-
ins where thermal waters could percolate through
the carbonate. It is also found in chlorite schists,
talc schists and low-temperature serpentinized roc-
ks (Mottana et al., 1983, Magnusson, 1925). The
tectonic blocks of peridotites, which in subduction
processes are brought into the parts of the conti-
nental crust as ophiolitic complexes, are unstable
near H,O under conditions of different temperatu-
res and pressures, during which a process of ser-
pentinization and formation of serpentines occurs.
Serpentites are rocks in which there are numerous
minerals (a group of serpentine minerals, such as
chrysotile, lizardite, antigorite, as well as the pre-
sence of brucite, magnetite, talc, chlorite and tre-

molite). Brucite is widely distributed in ultramafic
rocks (Khan et al., 1971; Hora, 1998). It is also
found in a variety of exotic settings such as kim-
berlites (Malkov, 1974) and carbonatites (Lee et
al., 2000). The fibrous variety of brucite, nemalite,
is common in ultra-mafic rocks, where it coexists
with chrysotile (Ross and Nolan, 2003; Khan et al.,
1971). Brucite is probably one of the enigmatic
minerals that forms during the process of serpen-
tinization (Klein et al., 2013), during the introduc-
tion of water into subduction zones (Kawahara et
al., 2016; Peters et al., 2020). As a rule, oceanic
serpentinites have a lower amount of MgO and
have higher concentrations of SiO, than on the
continental serpentinites (Snow and Dick, 1995),
where the brucite is formed as a result of the
decomposition of olivine.

Brucite occurrences have recently been recog-
nized in new geological settings, such as in accu-
mulations on the sea floor (Kelley et al., 2001;
Frih-Green et al., 2003), and in the future brucite
deposits belonging to this category may become of
economic interest.
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The investigated area ‘Rzanovo is a part of
the western ophiolite of the Vardar zone and essen-
tially consists of several lithostratigraphic units
with distinct, mineralogy, petrology and history of
development. Geological position and characteris-
tics of the ‘Rzanovo depositwas described in many
papers (lvanov, 1959, 1960; Grafenauer and Strno-
le, 1966; Maksimovié¢, 1981; Boev, 1982; Boev
and Stojanov, 1985; Boev et al., 1992; Boev and
Lepitkova, 1994a, 1994b; Boev and Serafimovski,
1995).

The result of many faults and deformations in
‘Rzanovo is very complex composition with ser-
pentinized harzburgite, rare dunite, gabbropeg-
matite and rodingite, cretaceous sediments and
sometimes with Triassic sediments. Triassic sedi-
ments are represented with two types of slightly
metamorphozed rocks; -quartz-sericite-clay schists
sometimes with talc and limestones partly recrys-
tallized.

The main units which comprise the geologic
setting are followed (Figures 1 and 2):

— Tertiaty volcanics rocks and pyroclastics;
— limestones of Albian-Cenomanian age;
— lateritic Fe-Ni ores of the Cretaceous age;

— ultrabasic complexes (serpentinites) with
gabropegmatites and rodingites;

— schistose series of Paleozoik age (phyllites,
margillites and quarzites).

The ‘Rzanovo zone is a system of parallel
thrust sheets composed of altered serpentinite,
schist, and marble (Boev and Jankovi¢, 1996; Boev
et al., 2009; Serafimovski et al, 2013). Several
large dislocations pass through the host serpentini-
zed ultrabasic masses.

Based of the chemical composition of olivine
in ultrabasic rocks it is clear that they are Alpine
type of ultramafics rocks.

Dunites and harzburgites are the main mem-
bers of the Alpine type ultramafics in the ‘Rzano-
vo-Studena Voda zone. Harzburgites distiguish
themselves by the presence of pyroxene (enstatite)
1 cm in size. Serpentinized harzburgites generally
occur as blocks which are compact compared to
other rocks. Serpentinite occurs as net-like serpen-
tinite which originate from pyroxene and individual
flakes and fibres of serpentinite minerals are paral-
lel to the another and possess primary mineral
cleavage.
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Fig. 1. Geological map with cross sections through the ‘Rzanovo deposit
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Fig. 2. Geological cross section of the ‘Rzanovo deposit

Serpentinized dunites, unlike serpentinites are
due to serpentinization of a harzburgite mas and
occur as a large block of compact bodies. Micro-
scopic studies indicate that serpentinite originates
from olivine. It is net-like and individual flakes or
fibres of serpentinite minerals are arranged along
irregular cracks within the primary olivine grains
(the first genereation of serpentinite) and as ring
radial aggregates replacing individual parts of oli-
vine grains (the second generation of serpentinite).

Gabbropegmatite-rodingites are elongated and
cross-cuts the blocks of serpentinites. They are
small in size and can be easily recognized on the
field. Fresh gabbropegmatites which are usually
alterated and affected by rodingitization processes
are rarely found. They are characterized by a large
grained texture. Microscopic investigations show
that they mainly consisit of basic plagioclase and
monoclinic pyroxene. Pyroxene alteration is seen
as chloritization and prenitization. Rodingite rocks

are mainly located in the marginal parts of the
serpentinite mass as elongate blocks of variable
thickness. They are formed from gabbros and
gabbropegmatites during a postmagmatic phase of
replacement due to calcium metasomatism. The
contacts with surrounding serpentinites are always
sharp and clear and are grey and grey-greenish to
white depending of the garnet and chlorite con-
tents.

The tectonic blocks of peridotites, which in
subduction processes are brought into the parts of
the continental crust as ophiolitic complexes, are
unstable near H.O under conditions of different
temperatures and pressures, during which a process
of serpentinization and the formation of serpenti-
nes occurs. Serpentites are rocks in which there are
numerous minerals (a group of serpentine mine-
rals, such as chrysotile, lizardite, antigorite, as well
as the presence of brucite, magnetite, talc, chlorite,
and tremolite).

SAMPLING AND METHODS

Several samples of brucite were taken from
‘Rzanovo locality. Three of them were selected for
our investigation. Samples of lizardite and dolo-
mite occurring together with brucite were also ana-
lyzed. For reliable characterization of the mineral
species in our research following analytical meth-
ods were used: ICP-MS and XRD.

ICP-MS. Chemical composition is determi-
nated with ICP-MS. This method provides a rapid
and precise means of monitoring up to 50 elements
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simultaneously for minor- and trace-levels. The
ICP-MS technigue is widely regarded as the most
versatile analytical technique in the chemistry la-
boratory. When the sample solution is introduced
into the spectrometer, it becomes atomized into a
mist-like cloud. This mist is carried into the argon
plasma with a stream of argon gas. The plasma
(ionized argon) produces temperatures close to
7.000°C, which thermally excites the outershell
electrons of the elements in the sample.
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XRD analyses were carried out by conventio-
nal X-ray diffraction (XRD) techniques on samples
used a (Shimadzu) XRD-6100 diffractometer with
Cu (1.54060 A) radiation operating at 40 kV and
30 mA. The powdered sample was scanned over
the 5 — 80° range with step size of 0.02° and scan-
ning speed of 1.2°/min. The analyzed material is

finely ground, homogenized, and average bulk
composition is determined. The most intense regis-
tered maxima in the studied powder diagrams were
compared with the corresponding diagrams from
PDF-2 software. Unit Cell software (Tim Holland
& Simon Redfern, 1997, new version Apr 2006)
was used for calculation on unit cell data.

RESULTS AND DISCUSSION

Macroscopic features on brucite from ‘Rzano-
vo are given in Figure 3. Brucite appears in big
acicular, colorless crystals. Cleavage is perfect
{0001}. Crystals up to 80 cm in size were found in
serpentinized ultrabasic rocks, within veins.
Needles are perpendicular to vein walls. Brucite is

Sample 1

Sample 2

relatively soft (2% on the Mohs scale) and has a
low density (2.38-2.40 g/cmq). It is soluble in hyd-
rochloric acid but has no effervescence. Weathering
transforms waxy, fresh brucite into a chalk-like
material.

Sample 1

Fig. 3. Crystals of brucite

Thin sections of this mineral show low bire-
fringence and significant optical axial angle. It is
also uncommon that needles of brucite show bi-
axial optical figure, with high optical axial angle. It
is normally, as hexagonal mineral, uniaxial, but
this anomaly could be explained due to the pres-
sure acting to the extremely long crystals. Struc-
tural anomalies are not expected. It is also possible
that needles of brucite are mixed with much less
needles of serpentine (Bermanec et al., 1999). Che-
mical composition of brucite is given in Table 1.

From Table 1 it can be seen that the concen-
tration of oxides is: MgO 66.39-69.13, Al,O;
0.343-0.601, FeO 1.956-4.025, Mn0O, 0.239-0.360,
TiO, 0.003-0,009, LOI 25.1-27.4. Among the
measured trace elements, just is elevated Ni 401-

1910 ppm and all other elements are insignificant
(Cr, Zn, Co, Cu, V, Sr, Ce, La, Nb, Y, Sr, and Ba).

It is not likely that P, Si, Al, Ca, K, and Na
are really incorporated in crystal structure of bru-
cite, but there was no single solid inclusion visible
in the optical microscope. This would explain small
percentage of Si and Al in the analyses. There is
no high Mn content in the brucite from ‘Rzanovo,
what was explanation for acicular growth of this
mineral in many other occurrences (Bermanec et
al., 1999).

XRD patterns on investigated samples are
given in Figure 4. The most intense registered
maxima in the studied powder pattern are compa-
red with the corresponding maxima of brucite
ICDD 00 007 0239.
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Table 1
Chemical composition of brucite from ‘Rzanovo
Sample 1 Sample 2 Sample 3
Top Middle Top Middle Top Middle
Oxides (%)
SiO2 <1 <1 <1 <1 <1 <1
MgO 68.05 68.25 66.39 66.81 68.51 69.13
Al203 0.359 0.601 0.331 0.343 0.462 0.381
Cao <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
K20 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
Na20 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
FeO 2.810 1.956 2.255 3.956 2.102 4.025
MnO> 0.318 0.287 0.342 0.239 0.249 0.360
TiO2 0.003 0.008 0.003 0.009 0.003 0.003
BaO 0.004 <0.001 0.003 <0.001 0.030 0.009
P20s 0.004 0.004 0.010 0.016 <0.001 0.009
S <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
LOI 26.7 26.2 27.2 27.4 25.1 25.2
Elements (mg/kg)
Ni 1723 1591 401 456 1858 1910
Co 142 133 118 94 171 180
Cr 11.4 104 3.9 2.2 67.4 495
Cu 9.90 1.30 9.10 1.50 <1.0 <1.0
Zn 26.8 18.4 22.7 11.7 20.2 17.7
Li <5 <5 <5 <5 <5 <5
Be <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
B <10 <10 <10 <10 <10 <10
\Y% 8.6 6.9 6.8 4.6 6.3 13.9
Ge <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
As <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Se <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Rb <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Sr 5.87 2.12 <1.0 1.35 12.07 2.63
Mo <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Pd <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Ag <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Cd <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Sn <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Sb <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Cs <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Ce 4.60 27.80 3.57 14.50 1.28 4.40
W 2.71 2.95 3.21 3.02 2.47 3.41
Tl <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Pb <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Bi <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Th <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
U <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Dy <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Er <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Eu <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Hf <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Ho <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
In* <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
La 2.35 <10 1.26 <1.0 <1.0 1.73
Lu <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Geologica Macedonica, Vol.
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Sample 1 Sample 2 Sample 3
Top Middle Top Middle Top Middle
Nb 321 1.02 3.54 1.38 1.12 1.43
Nd <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Sc* 2.12 1.88 <1.0 <1.0 1.20 1.39
Sm <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Tm <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Y 3.86 2.25 2.26 2.01 2.35 2.39
Th <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Gd <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
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Fig. 4. XRD pattern of the samples 1, 2, 3

The unit cell parameters obtained using the
main reflection lines of X-ray diffraction on samp-
le is: a = 3.1458(7), ¢ = 4.766(2)A (rhombohedral
a=24130 A, 0=81.36°), V=40.84(2) A3, z=1.

Samples of lizardite and dolomite occur togeth-
er with brucite. Lizardite was recognized as a
distinct mineral species by Whittaker & Zussman
(1956), who found that it possesses a one-layer
orthogonal unit-cell and flat layers rather than
cylindrical layers as in chrysotile or corrugated

layers as in antigorite. Lizardite is green in color
that can be seen on Figure 5(a,b). Cleavage is per-
fect on {0001}. Hardness = 2%, density 2,57
g/lem?,

Dolomite occurs as lenses (Figure 5(c)). It is
white in color. Chemically is very pure. Among the
measured trace elements, just Sr — 432 ppm, and
Pb — 382 ppm is are elevated and all other elements
are insignificant. Chemical compositions of lizar-
dite and dolomite are given in Table 2.
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Lizardite Lizardite Dolomite
Lol 11,4 12,3 43.18
Elements (mg/kg)

Ni 215 486 73

Co 14 19 1
Cr 18.8 8.3 <1.0
Cu <1.0 11.0 2.00
Zn 113 136 <1.0

Li 19.80 12.70 <5
a Be <1.0 <1.0 <1.0

B <10 <10 <10

v 5.4 11.1 1.9
Ge <1.0 <1.0 <1.0
As <1.0 <1.0 <1.0
Se <1.0 <1.0 <1.0
Rb <1.0 <1.0 <1.0

Sr 9.84 10.8 432
Mo <1.0 <1.0 <1.0
Pd <1.0 <1.0 <1.0
Ag <1.0 <1.0 <1.0
cd <1.0 <1.0 <1.0
Sn <1.0 <1.0 <1.0
Sh <1.0 <1.0 <1.0
Cs <1.0 <1.0 <1.0
Ce <1.0 1.09 <1.0
w <1.0 1.08 <1.0
Tl <1.0 <1.0 <1.0

Fig.5.a,b— Iizarditcg, ¢ — white dolomite Pb <1.0 ey 382
Bi <1.0 <1.0 <1.0
Th <1.0 <1.0 <1.0
Table 2 U <1.0 <1.0 <1.0
Chemical compositions of lizardite and dolomite Dy <1.0 <1.0 <1.0
from ‘Rzanovo Er <0.1 <1.0 <1.0
Lizardite Lizardite Dolomite Eu <0.2 <02 <02
Oxides (%) Hf <1.0 <1.0 <1.0
SiOz 44.0 416 - Ho 0.2 0.23 0.39
MgO 38.55 41.00 24.26 In* <10 <10 <10
Al,O3 <200 0.323 <200 La 153 <10 <1.0
Cao 0.361 0.537 30.840 Lu <10 <10 <10
K20 <0.050 <0.50 <0.50 Nb 232 241 225
Naz20 <0.050 <0.50 <0.50 Nd <1.0 <10 <10
FeO 3.527 3.787 1.089 Se* 183 <10 <10
MnO; 0.081 0.181 0.620 Sm <1.0 <1.0 <10
Tio, <0.001 0.0017 0.0040 m <10 <10 <10
BaO <0.001 <0.001 0.0064 Y 2.17 2.60 1.46
P20s 0.0035 0.0061 0.0035 Tb <10 <10 <10
s <0.05 <0.05 <0.05 Gd <1.0 <1.0 <1.0
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XRD patterns on investigated samples (lizar-
dite and dolomite) are given in Figures 6 and 7.
The most intense registered maxima in the studied

powder patterns are compared with the correspond-
ing maxima of lizardite ICDD 00 010 0382 and
dolomite ICDD 00 034 0517.

v ey

Fig. 6. XRD pattern of the lizardite
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o e

Fig. 7. XRD pattern of the dolomite

CONCLUSION

Brucite is a magnesium hydroxide, Mg(OH)..
Brucite from ‘Rzanovo is the example of the big-
gest known crystal of these mineral in the world.
Crystals up to 80 cm in size were found in serpen-
tinized ultrabasic rocks, within veins. Needles are
perpendicular to vein walls. It is a product of hyd-
rothermal alteration of peridotitic host rock. In this
process dolomite is also produced. The tectonic
blocks of peridotites, which in the process of
subduction were brought into parts of the conti-
nental crust as ophiolitic complexes, are stabilized
in the presence of H,O under conditions of diffe-
rent temperatures and pressures, during which the
process of serpentinization and serpentinite forma-
tion occurs. Serpentinites are rocks in which nume-
rous minerals are present (a group of serpentine
minerals, such as chrysotile, lizardite, antigorite, as
well as the presence of brucite, magnetite, talc,
chlorite and tremolite. Brucite is probably one of
the enigmatic minerals that forms during the ser-
pentinization process. Brucite is relatively soft (2%
on the Mohs scale) and has a low density (2.38—
2.40 g/cm?®). The concentration of oxides is: MgO

66.39-69.13, Al,O; 0.343-0.601, FeO 1.956-—
4.025, Mn0O, 0.239-0.360, TiO, 0.003-0.009, LOI
25.1-27.4. Among the measured trace elements,
just is elevated Ni (401-1910 ppm) and all other
elements are insignificant (Cr, Zn, Co, Cu, V, Sr,
Ce, La, Nb, Y, Sr, and Ba).

Its unit cell is: a = 3.1458(7), ¢ = 4.766(2) A
(rhombohedral a = 2.4130 A, a = 81.36°), V =

3

40842 A, z=1.

In our research on the occurrence of brucite in
the ‘Rzanovo-Studena Voda ophiolitic zone, we

are talking about the continental serpentinites that
formed in the subduction processes in the zone.

Probable reason for the formation of such big
crystals is circulation of hydrothermal solutions
through the fractures in the rocks whose thickness
increased due to relaxation of the rock during
uplift. It is a product of hydrothermal alteration of
peridotitic host rock. In this process dolomite is
also produced. Brucite has a higher magnesium
content than any other raw material, commonly
used or considered as ore.

Geologica Macedonica, Vol. 36, No. 2, pp. 155-164 (2022)



Mineralogical characterization of brucite (Mg(OH),) from ‘Rzanovo, North Macedonia 163

REFERENCES

Anthony, J. W,, Bideaux, R. A., Bladh, K. W. & Nichols, M. C.
(Eds.) (2001-2005): Handbook of Mineralogy; Brucite.
Mineralogical Society of America, Chantilly, VA 20151
1110, USA (WWW-document) (3. 7. 2018).

Ashley, P. M. (1975): Opaque mineral assemblage formed
during serpentinization in the Coolac ultramafic belt,
New South Wales. Journal of the Geological Society of
Australia, 22 (1), pp. 91-102.

Bermanec, V., Boev, B., Sijakova Ivanova, T., Séavnicar, S.
(1999): Association of the world biggest crystals of the
brucite, Mg(OH)z, from 'Rzanovo, Macedonia. Geologica
Macedonica. Vol. 13, pp. 55-89. ISSN 0352-1206.

Boev, B. (1982): Metamorphism of the ‘RZanovo — Studena
Voda ore series. Master thesis, Belgrade, Faculty of
Mining and Geology, University of Belgrade, p, 165.

Boev, B., Serafimovski, T., Ivanov, T. (1992): Iron nickel
bearing ore ‘Rzanovo at Kozuf Mountain, Macedonia. In:
Proceedings of the 3rd Congress of Geologists of
Yugoslavia, Budva, 1962, Vol. 2, pp. 249-264.

Boev, B. Lepitkova, S. (1994): Quantitative mineralogical
analysis of ore from the ‘RZanovo iron-nickel bearing de-
posit. XXIV October Counseling of Miners and Metal-
lurgists, Donji Milanovac, pp. 24-26.

Boev, B., Serafimovski, T. (1995): Study of Mineralogical
Determinations of the Main Mineral Phases Composition
from the ore Bearing Materials from the ‘RzZanovo Depo-
sit. Faculty of Mining and Geology, Stip, 595 p. (in Ma-
cedonian).

Boev, B., Jankovi¢, S, (1996): Nickel and Nckeliferous Iron
Ddeposits of the Vardar Zone (SE Europe) with Parti-
cular Reference to the ‘Rzanovo-Studena Voda Ore Bear-
ing Series. Special Issue of the Faculty of Mining and
Geology, Stip, 3, 270-278.

Boev, B., Miréovski, V., Korikovski, S. (1999): Rodingite
rocks in the Jurassic serpentinite masses in the area of
RZanovo, Republic of Macedonia. Geologica Macedonica
13, pp. 75-84.

Boev, B., Jovanovski, G., Makreski, P. (2009): Minerals from
Macedonia. XX. Geologic setting, lithologies and identi-
fication of the mlnerals from 'Rzanovo Fe-Ni deposit.
Turkish Journal of Earth Sciences, 18, pp. 631-652.

Frih-Green, G. L., Kelley, D. S., Bernasconi, S. M., Karson, J.
A., Ludwig, K. A., Butterfield, D. A., Boschi, C., and
Proskurowski, G. (2003): 30,000 years of hydrothermal
activity at the Lost City Vent Field, Science, Vol. 301, pp.
495-498.

Grafenauer, S., Strnole, D. (1966): Zlog in mineralna sestava
nikljenosnih zelezovih rud ‘Rzanovo. Rudarsko-metalur-
ski zbornik, 1, pp. 51-62.

Holland, T., Redfern, S. (1997): New version April 2006):
Unit cell refinement from powder diffraction data: the use
of regression diagnostics. Mineralogical Magazine, 61,
pp. 65-77.

Hora, Z. D. (1997): Ultramafic-hosted chryssotile asbestos, In:
Geological Fieldwork: British Columbia Ministry of
Employment and Investment, Paper 1998-1, p. 24K-1 to
24K-4.

Huang, R., Lin, C-T., Sun, W., Zhan, W. & Zhu, J. (2017):
The production of iron oxide during peridotite serpentine-

Geologica Macedonica, Vol. 36, No. 2, pp. 155-164 (2022)

zation: Influence of pyroxene. Geoscience Frontiers, Vol.
8, Issue 6. pp. 1311-1321.

Ivanov, T. (1959): Niklonosno gvozde kod ‘Rzanova na Ko-
zufu (N. R. Makedonija). Treti kongres geologa Jugosla-
vije, Budva, pp. 249-264.

Ivanov, T, (1960): Niklonosna zelezna ruda na planina Kozuf:
kaj selo ‘Rzanovo. Trudovi na Geoloski zavod na N. R.
Makedonija. sv. 7, 199-223.

Ivanov, T. (1965): Metallogeny of the Southern Ppart of the
Vardar Zone. Doctoral thesis, Faculty of Mining and
Geology, University of Belgrade.

Ivanov, T., Misar, Z., Bowes, D. R. et al. (1987): The Demir
Kapija Gevgelija ophiolite massif, Macedonia, Yugosla-
via, Ofioliti, Vol. 12, No. 3, pp. 457-478.

Kawahara, H., Endo, S., Wallis, S. R., Nagaya, T., Mori, H.,
Adahara, Y, (2016): Brucite as an important phase of the
shallow mantle wedge: Evidence from the Shiraga unit of
the Sanbagawa subduction zone, S W Japan. Lithos, 254—
255, 53-66.

Kelley, D. S., Karson, J., Blackman, D., Frih-Green, G.,
Butterfield, D., Lilley, M., Schrenk, M., Olson, E., Roe,
K., Lebon, J., Applegate, B., Bacher, N., Cann, J., Gee, J.,
Hanna, H., Hurst, S., John, J., Lyons, S., Morgan, J.,
Nooner, S., Ross, K., Sasagawa, G., Schroeder, T. (2001):
Discovery of Lost City: An off-axis peridotite-hosted,
hydrothermal field near 30°N on the Mid-Atlantic Ridge.
Newsletter of the US RIDGE Initiative, 11, 2, 3-9.

Khan, S. A., Ali, K., and Alam, S. J. (1971): Brucite deposits
of Hindubagh (West Pakistan). Pakistan Journal of
Scientific and Industrial Research, 14, 6, 542-545.

Klein, F., Bach, W., Jons, N., McCollom, T., Moskowitz, B.,
Berquo, T. (2009): Iron partitioning and hydrogen genera-
tion during serpentinization of abyssal peridotites from
15°N on the Mid-Atlantic Ridge. Geochim. Cosmochim.
Acta, 73 (22), pp. 6868-6893.

DOI: 10.1016/j.gca.2009.08.021

Klein, F., Bach, W., Mccollom, T. M. (2013): Compositional
controls on hydrogen generation during serpentinization
of ultramafic rocks. Lithos, 178, 55-69.

Lee, W.-J., Fanelli, M. F., Cava, N., Wyllie, P. J. (2000): Cal-
ciocarbonatite and magnesiocarbonatite rocks and mag-
mas represented in the system CaO-MgO-CO2-H20 at 0.2
GPa. Mineralogy and Petrology, 68, pp. 225-256.

Magnusson, N. H. (1925): Persbergs malmtrakt och berggrun-
den i de centrala delarna av Filipstads bergslag. Kungliga
kommerskollegium: Beskrivning av mineral fyndigheter,
2,231p.

Maksimovié¢, Z. (1981): Types of the fossil weathering of
ultramaficrocks in SE Europe, Bull. Serb. Acad. Sci. Nat.
Math., Vol. 75, No. 21, pp. 13-26.

Maksimovi¢, Z. and Panto, G. (1982): The main nickel bear-
ing phases in the ‘Rzanovo deposit, Yugoslavia: Chlorite,
talc, stilpnomelan, and magnesioribeckite. Bull. Serb.
Acad. Sci., Nat. Math., VVol. 72, No. 23, pp. 77-96.

Malkov, B. A. (1974): Brucite in kimberlite: Transactions
(Doklady) of U.S.S.R Academy of Science, Earth Science
Section, Vol. 215, pp. 157-160.

Moody, J. B. (1976): Serpentinization: a review. Lithos, 9. pp.
125-138.



164 T. Sijakova vanova, |. Boev

Mottana, A., Crespi, R. & Liborio, G. (1983): The MacDonald
Encyclopedia of Rocks and Minerals. MacDonald & Co
(Publishers) Ltd., London & Sydney, 607 p..

Peters, D., Pettke, T., John, T., Scambelluri, M. (2020): The
role of brucite in water and element cycling during
serpentinite subduction — Insights from Erro Tobbio
(Liguria, Italy). Lithos, 360-361, 105431.

Ross, M., and Nolan, R.P. (2003): History of ashestos discove-
ry and use and asbestos-related disease in context with
the occurrence of asbestos within ophiolite complexes.
Geological Society of America, Special Paper 273, pp.
447-470.

Serafimovski, T., Volkov, A., Boev, B., Tasev, G. (2013):
‘Rzanovo metamorphosed lateritic Fe-Ni  deposit,

Republic of Macedonia. Geology of Ore Deposits, 55 (5),
pp. 383-398. ISSN 1075-7015.

Simand, G. J., Paradis, S., Irvine, M., (2007): Brucite —
industrial mineral with a future, British Columbia Mi-
nistry of Energy. Mines and Petroleum Resources, Vol.
34,

Snow, J. E., Dick, H. J. B. (1995): Pervasive magnesium loss
by marine weathering of peridotite. Geochimica et Cos-
mochimica Acta, 59, 4219-4235.

Whittaker & Zussman (1956): The characterization of serpen-
tine minerals by X-ray diffraction. The mineralogical Ma-
gazine and Journal of the Mineralogical Society, Vol.
XXXI, No. 233.

Pesume

MHUHEPAJIOIIKA KAPAKTEPU3ALIUJA HA BPYHUT Mg(OH). O ‘P’ KAHOBO,
CEBEPHA MAKEJJOHHUJA

Tena Illujakoa UBanosa, UBan Boes

Dakyaitieiti 3a UpUPOGHU U TUeXHUUKU HaYKu, Yrueepsuitieiu ,, I oye [eaues* 6o [Llinuii,
6ya. Kpciue Mucupxog 10-A, i. ¢pax 201, 2001 [Liuui, Peitybauxa Cesepra Maxegonuja
tena.ivanova@ugd.edu.mk

Key words: 6pyuuT; ‘P:xaHoBO; TOJIEMH KPUCTAIH

Bpyuuror ¢ Mg(OH)2. Bo ‘PxkaHoBO ce HajieHH Hajro-
JIeMUTe KPHCTAIN Ha OpynuT Bo cBeToT. Kpucramm co ronemu-
Ha 110 80 cm Oea MpoOHAjIeHN BO CEPIICHTHHU3UPAHHUTE yITpa-
0a3W4HM Kapnu BO BHMJ Ha BeHH. Mrimuectute KpuUCTaau Ha
OpYLIMT ce MOCTaBeH! HOPMAIHO Ha SHIOBUTE Ha BeHHTe. Tue
ce HAaCTaHATH CO XMIPOTepMallHa MPOMEHa Ha KapraTa JjoMa-
KuH, nepuaoTuT. Bo 0BOj npolec HacTaHyBa U 10JIOMHUT. Tek-
TOHCKHTE OJIOKOBH Ha MEPHIOTHTH, KOU BO MPOIECUTE Ha Cy0-
IyKIFja ce BHECEHM BO AENOBUTE Ha KOHTHHEHTAJIHATa KOpa
Kako O(HMONNTCKH KOMIUIEKCH, C€ HECTAaOWIHH BO IIPUCYCTBO
Ha H20 Bo yClOBH Ha pa3iIMYHHU TEMIEPAaTypH W IPUTHCOIH,
IpH LITO joara 70 Mpolec Ha cepreHTHHH3anuja u Gopmupa-
BEC Ha CCPIICHTUHUTH. CepHCHTHHl/ITI/ITe C€ Kapmu1 BO KO UMa
HPHCYCTBO Ha OpOjHM MHUHEpany (Ipyma Ha CEPHEHTHHCKH MH-
HepaJli KaKko LITO ce XPU3O0THUII, JIM3APUT, aHTUTOPHT, KaKO U
MIPUCYCYTBO HA OPYIHUT, MarHETHT, TAJIK, XJIOPHT U TPEMOJIHUT.
BpymuToT e BepojaTHO eieH 01 eHUTMAaTHIHH MHHEepann (op-

MHpPaH{ 32 BpeMe Ha MPOLECOT Ha cepleHTHHM3anuja. KoH-
LEHTpalyjaTta Ha OKCHIUTE BO UCIIUTYBAaHUOT OpynuT e: MgO
66,39-69,13, Al.0s 0,343-0,601, FeO 1,956-4,025, MnO2
0,239-0,360, TiO2 0,003-0,009, LOI 25,1-27,4. Mefy u3me-
pEHUTE eNeMEHTH BO Tpard IHOKadeHa BPEIHOCT MMa CaMo
aukenot Ni, 401-1910 ppm, a cute ApYrH EIEMEHTH Ce
nmesnaunrtennu Cr, Zn, Co, Cu, V, Sr, Ce, La, Nb, Y, Sr u Ba.
Co noOuWeHWTe MOAATOIHM OJ PEHATEHCKHUTE TU(PPaKIHOHH
UCHHTYBamba Ce MPEeCMETaHW NUMEH3MUTE Ha eJeMEHTapHaTa
kenuja. Jlobuenu ce cnequuBe pesynraru: a = 3,1458 (7), ¢ =
4.766 (2) A (pomGounen a = 2,4130 A, o = 81,36°), V = 40,84
(2) A3, Z = 1. Bepojatha npuunna 3a GopMUpamE HA TOIKY
rojieMH KPHCTAIH € IUPKyJalyjata Ha XHUIPOTEPMATHHUTE
pacTBOpY HHM3 IyKHaTHMHHTE BO Kaprara 4uja aebennHa ce
3roJieMmiIa MOpajy penakcandja Ha KapraTa MpH H3JUrHY-
Bame.

Geologica Macedonica, Vol. 36, No. 2, pp. 155-164 (2022)


mailto:tena.ivanova@ugd.edu.mk

