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A bstract: Magnesite from the P¢inja river area most often occurs in the form of veins of varying thickness
and length, with their orientation being determined by the direction of faults and cracks. In certain parts of the terrain,
the appearance of multiple subparallel veins is observed, while in other places they cross, branch, or locally disappear
and reappear. It appears as microcrystalline mass resembling unglazed porcelain. Its fracture is conchoidal, the hardness
is 3% — 4V, its streak is white and the density is 3.0-3.2 g/cm?®. Based on the XRD pattern magnesite is the dominant
crystalline phase. The unit cell parameters obtained using the main reflection lines of X-ray diffraction are: a=b =
4.63+0.002 A, ¢ = 15.02+£0.003 A, V =279.35 A3. In addition to magnesite, the presence of serpentine, dolomite
and talc has also been determined. The absence of a pronounced basal reflection near 12° indicates that serpentine is
not the dominant phase. Dolomite fits into the genesis as an indicator of the early phase of carbonization, and this is
genetically very significant. During the initial carbonization of serpentinite, CO--rich fluids react with serpentine which
also contains Ca (taken from pyroxenes). While Ca is still available in the system, Ca-Mg carbonate is formed dolomite.
This occurs at relatively higher temperatures (~350°C). When Ca is depleted from the system (excreted by fluids),
reactions continue only with Mg pure magnesite is formed. At the same time, Si released from the serpentine reacts
with Mg and water to give talc. This occurs at lower temperatures (~280°C). The dolomite in the examined samples
indicates that carbonization has proceeded quite far. Most of it has already been converted to magnesite, and only a
small relict amount remains. The serpentine is present but nearly consumed. The P¢inja river area represents an
advanced stage of carbonization, where COz-rich hydrothermal fluids have converted ~85-90% of the original
serpentinite to magnesite, with only isolated relic patches of serpentine surviving. This is entirely consistent with Type
I cryptocrystalline magnesite deposits of the Balkan ophiolitic belt.
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1. INTRODUCTION

The occurrences of magnesite in the area of the
confluence of the P¢inja river into the Vardar river
are located in the central ophiolite belt of the Vardar
zone, which in this part is basically represented by
ultrabasic rocks of the harzburgite and dunite types
(Bozovic¢ et al., 2013; Boev and Lepitkova, 2002).
The term ophiolite first appeared in 1813 and was
interpreted as a serpentinized peridotite associated
with a group of igneous rocks that evolved exclu-
sively on the ocean floor, in the mid-ocean ridges
(MOR) (Prelevi¢ et al., 2014; Gass, 1975; Moores

and Vine, 1971; Coleman, 1977). Later this defini-
tion was questioned by Miyashiro (1973). Based on
geochemical investigations of the Troodos ophiolite
complex (Cyprus), the close spatial and temporal
occurrence of MOR-basalts with igneous rocks that
typically show a calc-alkaline trend related to sub-
duction was recognized. Although the magmatic
origin of ophiolites in mid-ocean ridges is undoubt-
ed (Dilek and Furnes, 2011, 2014) divided ophio-
lites into suprasubduction zone, continental margin,
mid-ocean ridge, plume-type, volcanic arc and ac-
cretionary-type ophiolites.
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Magnesite belongs to the group of carbonate
minerals with the chemical formula MgCOs. It has
great economic importance and is used primarily for
the industrial production of refractory materials that
have applications in metallurgy (Canterford, 2007;
Wang et al., 2011; Hussein, 2018). It also produces
various chemical compounds based on magnesium,
which are then used to solve certain environmental
problems, including the extraction of carbon diox-
ide (Kelemen and Matter, 2008). The formation of
magnesite is a complex geological process, espe-
cially for magnesite that occurs within ultrabasic
rocks (serpentinites, dunites, harzburgites) (Peretti
et al., 1992). Magnesite is formed in the interaction
of solutions rich in CO, and magnesium present in
ultrabasic rocks (Beinlich et al., 2020). The mineral
magnesite itself is characterized by a crystalline
structure that in most cases varies from fine-grained
to coarse-grained depending on the conditions of
formation. Based on the genesis of formation, as
well as the geological conditions in which it occurs,
magnesite can be divided into two basic groups or
basic types, namely: magnesite, which most often
occurs in association with ultrabasic rocks, which is
cryptocrystalline; and layered magnesite, which oc-
curs in association with marine carbonate sedi-
ments, usually within marine platforms (Fallick et
al., 1991; Zedef et al., 2000; Pohl, 1989, 1990, 2011;
Abu-Jaber and Kimberley, 1992; Jurkovi¢ et al.,
2012).

The process of formation of magnesite, i.e.
genesis, is closely related to the processes of serpen-
tinization that occur within ultrabasic rocks (perido-
tites), where in the processes of hydrothermal alter-
ations (hydration) the formation of serpentine min-
erals (antigorite, chrysotile, lizardite, and others)
occurs. In this process, the enrichment of ultrabasic
rocks with magnesium occurs, whereby magnesite
itself is deposited along tectonic structures (veins
and veinlets) (Kahya and Kusgu, 2016; Obeso et al.,
2022; Gartzos, 1986.). However, it must be men-
tioned that magnesite does not occur in all serpen-
tinized ultrabasic massifs, but only in those in which
solutions rich in CO; appear during the serpen-
tinization processes themselves. The study of the
isotopic composition of magnesite can provide good
insight into the conditions of its formation. Varia-
tions in the stable isotopes of carbon and oxygen can
largely explain the conditions that were present in
the hydrothermal solutions and the conditions of the
environment in which the magnesites were deposited

(Zedef et al., 2000; Schroll, 2002; Gartzos, 1986,
2004; Jedrysek and Halas, 1990).

Local geology

The wider environment of the magnesite
deposit in the area of the confluence of the P¢inja
river into the Vardar river is characterized by a
complex geological structure, formed as a result of
long-term and multi-phase geotectonic evolution.
This area hosts rock complexes of different ages,
lithological composition and genetic origin, among
which sedimentary, magmatic and metamorphic
members are distinguished. Their mutual spatial
connection, as well as the pronounced tectonic dis-
turbance of the terrain, were of essential importance
for the formation, localization and preservation of
magnesite deposits.

Magnesites in the P¢inja river area occur with-
in the ultrabasic rocks that are part of the local geol-
ogy of this area. The geology of this area itself (Fig-
ure 1) includes the following geological formations:

1. Alluvium, which occurs along the course of
the P¢inja river and is mainly made up of fragments
of rocks (limestones, harzburgites, amphibolites,
clay minerals), which have varying dimensions.

2. Amphibolites and amphibolite schists, as
part of the metamorphic complex of the Vardar
zone, green rocks that appear as bands in the geo-
logical structure of the terrain.

3. Quartz sandstones and conglomerates, which
appear as a transgressive series through older geo-
logical formations (Paleozoic, Jurassic, and Cre-
taceous), are composed of sandstones and conglom-
erates with heterogeneous geological composition.

4. Diabase hornblende formation (of Triassic-
Jurassic age), which in the present is represented by
rocks of the quartzite group, as well as ultrabasic
rocks (diabases, gabbros).

5. Massive limestones of Triassic age, repre-
sented by dark gray bands of limestone rocks.

6. Pliocene sediments, which have a heteroge-
neous lithological structure (sandstones, clays).

7. Serpentinites as part of the ultrabasic
complex of the Vardar zone.

8. Flysch zone, represented by platy sand-
stones and clays.

9. Cretaceous limestones, that appear in the
contact areas with ultrabasic rocks, gray-white with
a crystalline structure.

Geologica Macedonica, 40 (1), 69-81 (2026)
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Fig. 1. Geological map of the P¢inja river area (map prepared by Andov

Description of the occurrence of magnesite

The magnesites from the P¢inja river conflue-
nce into the Vardar river occur within the ultrabasic
complex of the Vardar zone. Here, the ultrabasic
rocks are represented by dunites and harzburgites
(Figure 2). Microscopic examinations of the
harzburgites, which are more widely distributed in
this area, have a granular structure and are basically
made up of olivine (which is completely converted
into serpentine), pyroxene, and magnetite and
chromite appear as accessory minerals (Figures 3
and 4).

Geologica Macedonica, 40 (1), 69-81 (2026)

Serpentinites occupy the central part of the
area where magnesite veins appear (Figure 5). They
are the product of serpentinization of ultrabasic
rocks (harzburgites and dunites), that have undergo
significant mineralogical and structural changes
under the influence of tectonic movements and
hydrothermal processes. A pronounced heterogene-
ity is observed within the serpentinite mass, where
the rock is compact and massive in some places,
while in others it is strongly fractured, mylonitized
and tectonically fragmented.

In the immediate vicinity of the serpentinites,
amphibolites and amphibole schists also occur,
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which represent metamorphic members with signif-
icance for contact relations and the general geolog-
ical evolution of the area.

Magnesite most often occurs in the form of
veins of varying thickness and length, whose orien-
tation is controlled by the direction of faults and
cracks. In certain parts of the terrain, the appearance
of multiple subparallel veins is observed, while in
other places they cross, branch or locally disappear
and reappear. At the contacts between some magne-
site veins and serpentinites, sepiolite and opal also

occur.

A A ..

Fig. 3. Microscopic photograph of harzburgite from the
Péinja river area (serpentine, pyroxene),
crossed nichols (Magnif. x100)

T o | N
- B Fig. 4. Microscopic photograph of harzburgite from the P¢inja
Fig. 2. Ultrabasic rock from the vicinity of the P¢inja river river area (serpentine, pyroxene chromite),
area (photo I. Boev) crossed nichols (Magnif. x100)

Fig. 5. Magnesite wire in serpentine base (photo 1. Boev)

Geologica Macedonica, 40 (1), 69-81 (2026)
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METHODOLOGY

To ensure a reliable characterization of the
mineral species in this study, the following analyti-
cal methods were used: Scanning Electron Micros-
copy (SEM) coupled with Energy Dispersive X-ray
Spectroscopy (EDS), ICP-MS, and X-ray Powder
Diffraction (XRPD).

Scanning electron microscopy SEM-EDS. —
Analyses and electron micrographs were obtained
using a VEGA3 LMU scanning electron micro-
scope, with magnifications up to 2x1,000,000.
Semi-quantitative chemical analyses were perfor-
med using appropriate standards, as listed below: O:
Si02; Na: Albite; Mg: MgO; Al: AlzOs; Si: SiOz; P:
GaP; Ca: wollastonite; Ti: Ti; Fe: Fe; Br: KBr. Prior
to analysis, the samples were sputter-coated with a
thin layer of gold to ensure surface conductivity for
both SEM imaging and EDS analysis.

ICP-MS. — This method provides a rapid and
precise means of monitoring up to 50 elements sim-
ultaneously for minor and trace levels. The ICP-MS.

technique is widely recommended as a versatile
analytical method for multi-element analyses. The
sample solution is introduced into the system and is
ionized through an introductory nebulizer. The
plasma (ionized argon) produces temperatures close
to 7.000°C, which thermally excites the outer-shell
electrons of the elements in the sample.

X-ray powder diffraction (XRPD). — Analyses
were carried out by conventional X-ray diffraction
(XRD) techniques on bulk samples. For the present
analysis, X-ray diffraction system (Shimadzu) dif-
fractometer, series XRD 6100, with Cu (1.54060 A)
radiation operating at 40 kV and 30 mA. The pow-
dered sample was scanned over the 5 — 80° range
with step size of 0.02° and scanning speed of
1.2°/min. The analyzed material then is finely
ground, homogenized, and average bulk composi-
tion is determined using the corresponding dia-
grams from Match, version 4.

RESULTS AND DISCUSSION

Magnesite is magnesium carbonate with the
formula MgCOs and belongs to calcite group min-
erals. It appears as microcrystalline mass resem-
bling unglazed porcelain (Figure 6). Its fracture is
conchoidal, hardness is 3.5-4.5, streak is white, and
its density is 3.0-3.2 g/cm’.

Fig. 6. Macroscopic features on magnesite
from the P¢inja river area

Sample 1

Figures 7a,b,c,d show a fine-grained and rela-
tively homogenous matrix. Grains are irregular in

Geologica Macedonica, 40 (1), 69-81 (2026)

shape and partialy aggregated. No well-developed
crystal faces indicate a massive or microcrystalline
texture. The SEM/EDS analyses indicate that the
sample consists of: dominant Mg-C-O phase (mag-
nesite) which appears in massive/compact grains
and secondary Mg-Si-O phase (serpentine) which
appears in finer, lamellar/unstructured areas.

Sample 2

The images in Figures 8a,b show two different
textures: left side very homogeneous, fine “smooth”
matrix with unclear crystal structure. This is most
often: amorphouse or microcrystalline phase or very
fine-grained material. Right side (where Spectrum
13 and 14 are) plate/lamellar structure looks like:
“sheets” or “packets”. This is typical of carbonates-
magnesite. SEM-EDS analysis indicates a Mg-rich
carbonate phase (magnesite) with minor (0.2%) Ni-
bearing signature, suggesting secondary carboniza-
tion of serpentinized ultramafic material. The
presence of Ni + Fe + Si traces strongly suggests
this magnesite formed in an ultramafic geological
setting (serpentinite/ophiolite), which is the most
common natural origin for magnesite deposits —
consistent with the findings of: Zedef et al. (2000);
Wicks and O'Hanley (1988); Corre et al. (2023).
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Fig. 7a. SEM image of sample 1
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Fig. 7c. EDX of magnesite
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- Fig. 8a. SEM image of sample 2

Sample 3

Figure 9a shows a fine-grained and relatively
homogenous matrix. Grains are: irregular in shape
and partialy aggregated. No well-developed crystal
faces indicates a massive or microcrystalline tex-
ture. The SEM/EDS analyses (Figures 9b,c,d) indi-
cate that the sample consists of: dominant Mg-C-O
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Fig. 7b. EDX of serpentine

.5pectrum5

Wit% o
0 564 03
Mg 199 01
[ 186 04
ap o

04

02

0.1

Powered by Tru-Q®

I TR T T R TR R T T B I T T 1 0 0 S

KEV

Fig. 7d. EDX of magnesite+serpentine
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Fig. 8b. EDX of magnesite

phase (magnesite), which appears in massive/com-
pact grains, and secondary Mg-Si-O phase (serpen-
tine), mhich appears in finer, lamellar/unstructured
areas.

Figures 10 show that the main grain is irregular
and sub-rounded. It has no sharp crystal edges-non-
euhedral morphology, which indicates on secondary
formation (alteration product). These three spectra

Geologica Macedonica, 40 (1), 69-81 (2026)
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together provide a complete snapshot of the carbo-
nation reaction from relic serpentine (spectrum 7)
through the active replacement front (spectrum 10)
to fully formed magnesite (spectrum 12), a remark-
able preservation of the magnesite formation
mechanism in the P¢inja river area, Vardar zone,
north Macedonia. The serpentine is present, but
nearly consumed. The P¢inja river area represents
an advanced stage of carbonation where CO:-rich
hydrothermal fluids have converted ~85-90% of the
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Fig. 9a. SEM image of serpentine and magnesite
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Fig. 10a. SEM image of magnesite and serpentinite
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original serpentinite to magnesite, with only iso-
lated relic patches of serpentine surviving. This
is entirely consistent with Type I cryptocrystalline
magnesite deposits of the Balkan ophiolitic belt.

XRPD did not show serpentine because ser-
pentine is a poorly crystallized mineral. Its peaks at
12° and 24° may be broad and weak, easily lost in
background. Also, if present in small amounts, XRPD
may not detect it above the detection threshold (~3-
5%).
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Fig. 10c. EDX of serpentine

Sample 4

Figures 11 show that the sample consists of a
highly agglomerated structure of fine particles.
Particles are irregular and sub-rounded. Mostly sub-
microns to a few microns. No well-defined crystal
face indicates a secondary-alteration mineral phase.
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Fig. 11a. SEM image of magnesite
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Fig. 12a. SEM image of talc
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Fig. 10d. EDX of magnesite+serpentine

EDX diagrams show minor Fe substitutions and Ca
impurities.

Figures 12 show that on the left side has fine
grained compact matrix. On the right side around
(spectrum 22) has flake-like structure laured aggre-
gates. In the center are present flatter-rounded grains.
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Fig. 11b. EDX of magnesite
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Fig. 12b. EDX of talc
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M Spectrum 25 M Spectrum 26
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Fig. 12¢. EDX of talc Fig. 12d. EDX of talc

From Table 1 it can be seen that the contents From Table 2 it can be seen that the content of
of Co is 2.5-4.0%, Ni 33.8-37.9%, Zn 1.6-4.3%, Uis 0.104 to 0.206, Y 0.206 to 0.282; Ce to 0,132,
Sr<1.4%, Pd <1.7, Cs 1.0-1.2, Li 0.1-0.3, B 1.0— Sc to 0.180 mg/kg. All other elements are <0.1

2.5, Cr 2.1-3.7 %. All other elements are below mg/kg.
<0.1%. All samples show low but consistent FeO
typical of ophiolitic magnesite.

Tablel Table2
Chemical composition of magnesite from the Chemical composition of magnesite from the
Pcinja river area (major and trace elements) (%) Pcinja tiver area (rare earths elements) (mg/kg)
Oxides Sample 1 _ Sample2  Sample3  Sample 4 Elements Sample 1 Sample2 Sample3 Sample 4
Na; O 0.001 0.003 0.002 0.002 Sc 0.1 0.1 0180 0.1
MgO 21.662 25.807 30.031 25.399
ALOs 0011 0012 0029 0015 Y 0.282 0.242 <0.1 0.271
Si02 0.004  0.0034  0.010 0.003 Nb <0.1 <0.1 <0.1 <0.1
K20 0.002 0.003 0.004 0.004 In <0.1 <0.1 <0.1 <0.1
CaO 0.812 0.566 0.693 1.944 Te <0.1 <0.1 <0.1 <0.1
MnO 0.024 0.027 0.012 0.028 La <0.1 <0.1 <0.1 <0.1
FeO 0.166 0.191 0.105 0.188 Ce <0.1 0.132 <0.1 <0.1
Eleglems még/;cg mf/(l)‘g még/;‘g mf/(l)‘g Pr <0.1 <0.1 <0.1 <0.1
o . . . .
Ni 29.1 35.8 37.9 338 Nd <01 <01 <01 <01
Cu -1 e -1 o1 Sm <0.1 <0.1 <0.1 <0.1
Zn 43 3.3 1.6 1.7 Eu <0.1 <0.1 <0.1 <0.1
Ga <1 <1 <1 <1 Gd <0.1 <0.1 <0.1 <0.1
Ge <1 <1 <1 <1 Tb <0.1 <0.1 <0.1 <0.1
As <1 <1 <1 <1 Dy <0.1 <0.1 <0.1 <0.1
Se <1 <1 <1 <1 Ho <0.1 <0.1 <0.1 <0.1
Rb <l <l < <l Er <0.1 <0.1 <0.1 <0.1
slro 2 2 2 Lf Tm <0.1 <0.1 <0.1 <0.1
Pd < 17 - - Yb <0.1 <0.1 <0.1 <0.1
Ag <1 <1 <1 <1 Lu <0.1 <0.1 <0.1 <0.1
Cd <1 <1 <1 <1 Hf <0.1 <0.1 <0.1 <0.1
Sn <1 <1 <1 <1 Ta <0.1 <0.1 <0.1 <0.1
Sb <1 <1 <1 <1 w <0.1 <0.1 <0.1 <0.1
Ba <1 <1 <1 <1 Th <0.1 <0.1 <0.1 <0.1
Tl <1 <1 <1 <1 U 0.206 0.106 0.110 0.104
Pb <1 <1 <1 <1
Bi <1 <1 <1 <1
Li 0.2 0.2 03 0.1 XRPD patterns on investigated samples are
Be <l <l <l <l given in Figure 13. The most intense registered
]Tsi 1<10 2<15 2 2 maxima in the studied powder pattern area
v <1 <1 <1 <1 compared with the corresponding maxima of mag-
Cr 2.1 2.1 <1 3.7 nesite.

Geologica Macedonica, 40 (1), 69-81 (2026)
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Fig. 13. XRPD patterns of the samples: a) sample 1; b) sample 2; ¢) sample 3; d) sample 4

Based on the XRD patterns recorded over 20 =
10-70° using Cu radiation, magnesite is the domi-
nant crystalline phase. The strongest reflection at
32.31° together with the accompanying peaks at
42.65°, 46.50°, 53.53°, 62.08°, and 69—70° match

magnesite well. The absence of a pronounced basal
reflection near 12° indicates that serpentine is not
dominant phase. The peak at 30.75 is dolomite,
d=2.905 A is almost identical to the theoretical
dolomite reflection at d = 2.886-2.904 A. Additional

Geologica Macedonica, 40 (1), 69-81 (2026)
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confirmation: the peaks at d =2.525 and d = 1.494
are also dolomite, all three together form a classic
dolomite set.

The unit cell parameters obtained using the
main reflection lines of X-ray diffraction on sample

2are: a=4.63 A, c=15,02 A, V=279.35 A3, The
obtained data are in accordance with the theoretical
data by Deer et al. (1996); Bermanec (1999);
Williams et al. (2003).

CONCLUSION

Summarizing available data from this study,
we conclude that the investigated sample is magne-
site. Magnesite from the P¢inja river area most often
occurs in the form of veins of varying thickness and
length, with their orientation determined by the
direction of faults and cracks. In certain parts of the
terrain, the appearance of multiple subparallel veins
is observed, while in other places they cross, branch
or locally disappear and reappear. It appears as mi-
crocrystalline mass resembling unglazed porcelain.
Its fracture is conchoidal, the hardness is 3Y2—4Y, its
streak is white and the density is 3.0-3.2 g/cm’.

Based on the XRD patterns recorded over 20 =
10-70° using Cu radiation, magnesite is the domi-
nant crystalline phase.

The unit cell parameters obtained using the
main reflection lines of X-ray diffraction are: a =Db
=471 A,c=15.16 A, V=291 A3,

The chemical data fully corroborates all previ-
ous SEM-EDX and XRD findings, confirming the
Pcinja river area as a high-purity ophiolitic mag-
nesite with characteristic ultramafic trace element
signature (elevated Ni, Co) and minor dolomitic
component. Co/Niratio ~0.1 is typical of magnesite
from ultramafic rocks. In addition to magnesite, the

presence of serpentine, dolomite and talc has also
been determined.

Dolomite fits into the genesis as an indicator of
the early phase of carbonization, and this is geneti-
cally very significant. During the initial carboniza-
tion of serpentinite, CO:-rich fluids react with
serpentine which also contains Ca (taken from
pyroxenes). While Ca is still available in the system,
Ca-Mg carbonate is formed dolomite. This occurs at
relatively higher temperatures (~350°C). When Ca
is depleted from the system (excreted by fluids),
reactions continue only with Mg pure, magnesite is
formed. At the same time, Si released from the ser-
pentine reacts with Mg and water to give talc. This
occurs at lower temperatures (~280°C). The dolomite
in the examined samples (only 3 peaks, weak inten-
sity) indicates that carbonization has proceeded
quite far and most of the dolomite has already been
converted to magnesite, and only a small relict
amount remains. The serpentine is present but near-
ly consumed entirely. The Pc¢inja river area repre-
sents an advanced stage of carbonization where
CO.-rich hydrothermal fluids have converted ~85—
50 90% of the original serpentinite to magnesite,
with isolated serpentinite relic patches, only. This is
entirely consistent with Type I cryptocrystalline
magnesite deposits of the Balkan ophiolitic belt.
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Peszuwme

MMUHEPAJIOTUJA HA MATHE3UTOT O/ OBJIACTA HA PEKATA ITYUIbA,
CEBEPHA MAKEJIOHHUJA

Tena Illujakosa-UBanosa*!, Usan Boes!, UBuua Annos?, Coma Jlenurkopal
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Kity4nu 300poBu: MarHesur; CEpIeHTHH; TaJK; yITpaba3uyHu kapnu; peka [lunma

Bo 0Boj Tpyn e mpeTcTaBeHa MUHEPAIOIIKa KapaKTepH-
3alMja Ha MarHe3WToT oJ] obOiacta Ha pekara I[Tumma. Wnen-
TU(UKaNKjaTa Ha HCIIUTYBaHUTE MUHEPAIHU IIPHMEpOLH Oerie
U3BpIIEHA CO ONTHYKH MUKPOCKOI, CKEHHPAYKU EJIEKTPOHCKU
mukpockon (SEM/EDS), ckeHnpauka enekTpoHCKa MUKPOCKO-
1ja, MHAYKTUBHO CIPErHaTa Ija3Ma/MaceHa CIIEKTPOCKOIH)a
(ICP/MS), u perarencka nudpaxuuja Ha npas (XRPD). Bp3
OCHOBA Ha CUTE TOOMEHU PEe3yNITaTH MOXKE [1a Ce 3aKIy4H JeKa
HCMUTYBAaHUTE MMPUMEPOLX Ce MarHe3uT. MarHe3uToT ox 00-
nacta Ha pekarta [Tunma HajuecTo ce jaByBa Bo (hopMa Ha SKHIIH
co pa3nuyHa Ae0enrHa U JOJDKUHA, a HUBHATAa OpPUEHTAI]ja €
oIpe/ieHa O] HacOKaTa Ha paceAnTe W IMyKHaTHHUTE. Bo ox-
peIeHU IeNIOBH OJl TepPeHOT ce 3abesexyBa IojaBa Ha CyO-
napa’seiHy JKIIH, J0AeKa Ha JPYTH MecTa THe Ce BKPCTyBaar,
ce pasrpaHyBaaT WM JIOKAJTHO HCYE3HYBaaT M IOBTOPHO ce
mojaByBaaT. MarHe3uTOT c€ jaByBa KaKO MHKPOKPHCTaHA
Maca CIIMYHA Ha HerNIa3upaH MopieiaH. [IpekpiryBamero e
HENPaBUJIHO JI0 IIKoKacTo. TBprocra e 32— 44, a rycTuHara
on 3,0 1o 3,2 g/cm?. Tlo Goja e 6en. Criope pe3yaTaTUTE Off
PEHATCHCKHOT JMjarpaM MarHe3uToT € JOMHHAHTHA KPHUCTAITHA
¢aza. Ilapamerpute Ha eneMeHTapHaTa Kenuja ce: a=b =4,71
A, c=1516A, V=291 A3 Pesynrature o XxeMUCKUTE aHAIH-
3W TENOCHO TH moTBpayBar momaromute ox SEM m XRD.
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Opnocot Co/Ni ~ 0,1 e THIHYCH 32 MarHE3UT OJ1 yITpaMadud-
HU Kapiu. JOJOMHTOT ce BKJIOIyBa BO I'eHe3aTa Kako WHIH-
KaTop 3a paHaTa (asza Ha kKapOOHHW3alMja, a OBa € TCHETCKU
MHOTY 3Ha4ajHO. 3a BpeMe Ha NodYeTHaTa KapOOoHM3alMja Ha
CEpPIICHTUHOT, TeyHOCTHTe Oorati co CO2 pearupaar co cep-
MEHTUH, KOj HCTO Taka conpxu Ca (3eMeH 0/ MHUPOKCEHHTE).
Honeka Ca e cé ymire gocTaneH BO CHCTEMOT, ce ¢popmupa Ca-
Mg kapbonateH mosomuT. OBa ce CilydyBa Ha PEJIATHBHO
Bucoku Temneparypu (~350 °C). Kora kaauuyMoT e ucupreH
0J1 CHCTEMOT, PEaKIUHUTe IPOJI0JDKYBAaT CaMO CO MarHE3UyM M
BoJa ¥ ce popmupa Taik. OBa ce ciydyBa Ha MOHUCKH TEMIIe-
patypu (~280 °C). [Io10MHUTOT BO UCHUTYBAaHUTE HMPUMEPOLU
yKax<yBa Jieka kKapOOoHM3anujaTa HalpeJHaIa | TOT0JIEM JIeTT 0T
JOJIOMUTOT BeKe € MPETBOPEH BO MarHe3uT, a OCTaHyBa CaMo
Maja peNIMKTHA KonuyuHa. CepreHTHHOT ¢ MPHUCYTEH MHOTY
Manky. O6nacta Ha [Tunma mpercraByBa HampeaHa Qasza Ha
kapOOHHM3aIMjaTa Kaje MITO XHUAPOTEPMATHUTE TEUHOCTH
6oratu co CO2 mpetBopuiie ~85-90% 01 OPUTHHATHHOT Cep-
MIEHTHH BO MarHe3wT, IPH IITO C€ OCTAHATH CaMoO M30JIMPaHU
PENMKTHH AeNoBU of cepreHTHH. OBa € IENOCHO BO COTrJjac-
HOCT CO KPUNITOKPHUCTAIHUTE MarHe3NTHU HAOTITUIITA O THII
I o 6ankaHCKUOT O(GHUOIUTCKH TOjac.


mailto:tena.ivanova@ugd.edu.mk




