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MINERALOGY OF SODIUM METASOMATITES OF THE PERVOMAYSKE DEPOSIT
AND THEIR INFLUENCE ON QUALITY OF IRON ORE CONCENTRATE

(PexomeHAo8aHO YnieHOM pedakyiliHoi konezii 3-pom 2eon. Hayk O.B. [ly6uHoro)

Nowadays, the exploitation of the Pervomayske deposit is in the northern direction. The large metasomatic bodies of
ferruginous quartzites are manifested in the productive strata in the northern part of deposit. The metasomatic bodies of
ferruginous quartzites influence technological parameters of the iron ore concentrate.This situation determines the purpose of
this investigation. The mineral composition, genesis and technological parameters of riebeckite ferruginous quartzites of the
Pervomayske deposit productive strata are studied.

The metasomatically changed ferruginous quartzites and features of their mineralogical zoning are examined mineralogically.
The zones of riebeckitization are substracted within the boundaries of metasomatic bodies.The mineral composition, the structural
and texture of riebeckite ferruginous quartzites are studied. The technological research for enrichment of riebeckite ferruginous
quartzites is conducted.

Results of the mineral composition, the structure and the texture investigation, conditions of genesis of riebeckite ferruginous quartz-
ites of riebeckite ferruginous quartzites are given. Generalized regularities in changing of ore technological parameters (iron content in
concentrate composition, concentrate ratio, iron recovery in the concentrate, iron losses in mine tailings) in the metasomatic bodies
section of deposit's productive strata are presented. The authors studied the influence of sodium metasomatism on technological param-
eters of riebeckite ferruginous quartzites

The results of mineralogical and technological studies of authors have been used as the basis for compiling mineralogical and tech-
nological maps for the deposit that are utilized for operation and future mining, for elaborating schemes of optimal iron ores blending
before conveying them to concentration plants with the purpose of increasing the iron ore concentrate quality and decreasing iron losses
in concentration wastes.

Originality consists in detailed carrying out of mineralogical research of riebeckite ferruginous quartzites of the Pervomayske deposit.
Further, these results are used in technological tests for enrichment of riebeckite ferruginous quartzites.

It is necessary to take into consideration the obtained regularities of the variability for the technological parameters while specificating
the mineralogical and technological ores classification and the mineralogical and technological mapping of the Pervomayske deposit.

Keywords:Ukranian Shield, Kryvyi Rih basin, Pervomayske deposit, ferruginous-siliceous formation, ferruginous quartzites, metaso-

matic changes, zone of riebeckitezation, dressability.

Introduction. Within the boundaries of ferruginous-
siliceous formation in the Kryvyi Rih basin the sodium
metasomatites are widely developed. Most intensively they
occur in the northern part of the basin at the intersection of
two deep-seated faults—Kryvyi Rih—Kremenchuk and
Devladove.To the north and south from the Devladove fault
zone sodium metasomatites in ores of the Kryvyi Rih series
sharply decrease.

The Pervomayske deposit is located within the boundaries
of the North iron ore district of the Kryvyi Rih basin.The
productive strata of the deposit is composed of the fifth and
sixth iron horizons of the Saksagan series. Such geological
processes as sedimentagenesis, dynamothemal
metamorphism, sodium metasomatism and hypergenesis
took part in the formation of the productive strata. Influence of
hypergenesis on the quality and ore concentration is
negligible. It is connected with the conducting of mining
operations at the level of hypsometric horizons in the
opencast which are located much lower than the crust of
weathering of ferruginous-siliceous formation.

It is difficult to assess the direct influence of
sedimentation on ore enrichment, because iron ore
sedimentary formations were exposed to dynamothermal
metamorphism. As a result their mineral composition,
structural and textural features, physical properties have
been changed. Main characteristics of the mineralogical and
chemical zoning of iron and shale horizons of the Saksagan
series are preserved in the metamorphism process.

So, modern condition of magnetite quartzites of the
Pervomayske deposit productive strata is due to the
manifestation of dynamothermal metamorphism, sodium
metasomatism and tectonogenesis.This is confirmed by the
presence of about 50 routine mineral varieties of iron ore
[19]. The latter are united in essential and accessory mineral
varieties.The percentage of unchanged iron quartzites is

about 40 %, riebeckitezated ones is about 44 %, catalysed
ones is about 10 %, aegirinized, silicified and other varieties
are up to 1 % of the productive strata of total volume.

Such diversity of varieties of magnetite quartzites leads
to variability of technological parameters of iron ore
concentrate. Ores product of enrichment plant (iron
content in concentrate composition) is changing between
62-63 wt.% and 67-68 wt.%. So,the main problem of
technological stabilization process is solved by identifying
of technological parameters' correlation of iron ore
concentrate from iron ores composition.

As stated above, the volume of the Pervomayske deposit
productive strata comprises riebeckite magnetite quartzites.
Itis constantly observed in the form of lens-like bodies in the
quarry wall (fig. 1). Thickness of these bodies reaches 100—
150 meters. In this connection, the authors of the article
decided to study mineralogical and chemical composition,
structural and texture of riebeckite metasomatites, and their
influence on technological parameters of ironores.

Research analysis. During the 50"-70%"years of the
20tcentury sodium metasomatites were the object of active
examination of many researchers. They considered the
issues of geological positions, mineralogical and chemical
composition,  structure and texture, metallogenic
specialization of metasomatic bodies. [1, 3-5, 8-10, 16-18].
Previous researches [5, 7, 11, 13] proved that genesis of
metasomatism had been occurring at an interval 200-400
myr after completion of dynamothermal metamorphism of
ferruginous-siliceous sediments (age of rocks, respectively,
1,840,051 2,2+0,05 Ga). This particularly caused genesis of
metasomatic bodies within the boundaries of iron ore series.
These bodies influence technological parameters of ferrous
ores of the Pervomayske deposit ofthe Northern Iron Ore
Enrichment Works of Kryvyi Rih basin. [14, 15].
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Fig. 1. Outcropping of riebeckite ferruginous quartzites in open-pit side of the Pervomayske deposit

Sodium metasomatism accompanied by aegirinezation,
riebeckitezation of ferruginous quartzites and albitization of
clay shales [5, 6, 12, 13, 15, 21]. There are several opinions
on the metasomatite genesis. According to some of them,
sodium metasomatites originated as a result, of
dynamothermal metamorphism of sodicferruginous-
siliceous sediments. These sediments were similar to the
sediments from the modern volcanic lakes of the East
African rift. [22, 23]. Correspondingly to [2, 5, 7, 18] it is
believed that in the iron ore strata metasomatic minerals are
connected with metasomatizing effect of carbon dioxide
sodium hydrothermal fluids on the protogene ferruginous
quartzites. The third point of view is based on an
assumption of convergency genesis of sodium amphiboles
[5, 23] and possibility of metasomatites genesis as a result,
of metamorphic, hydrothermal and metasomatic processes.

Most intensively sodium metasomatites occurred within
the boundaries of productive strata of the Pervomayske
deposit. In smaller quantity they occur within the
boundaries of enclosing rocks [15, 21]. Riebeckite,
aegirine, albitite and others are metasomatically formed
minerals. They are rock-forming minerals of many kinds of
metasomatic ferruginous quartzites.

Mineralogical and technological features of ore of
ferruginous-siliceous association including Pervomayske
deposit were examined by B.I. Pirogov et al. [20]. Authors
demonstrated the existence of direct dependence between
concentrate quality (B) and magnetite morphology and
anatomy. They also proved a weaker bond of this
technological parameter with general content of iron in ore
composition (Fetta.) and iron content in magnetite
(Femagn.). It was sustained that the direct dependence
between concentrate ratio (y), iron recovery in the
concentrate (¢) and content ofFetota. AndFemagnin ore
composition exists. It was determined that there was no
dependence between content ofFetotal.,Femagnin ore
composition and iron losses in mine tailings (9).

Practical experience of the Northern Iron Ore
Enrichment Works shows that technological parameters of
magnetite ores of the Pervomayske deposit are
characterized by the considerable instability. This is
explained with the occurrence of authigenic-
metamorphogenic zoning of ore strata, natural ore breaking
in zones of faulting and metasomatic changes.

Objective of research.Nowadays, the exploitation of
the Pervomayske deposit is in the northern direction.The
large metasomatic bodies of ferruginous quartzites occur in
the productive strata in the northern part of deposit.

The metasomatic bodies are characterized by
metasomatic zoning [4, 16, 21, 23] within the boundaries of
protogenic  mica-hematite-magnetite,  magnetite  and

cummingtonite-magnetite-quartzites. In peripheral part of the
productive strata the magnetite-cummingtonite quartzites
rarely underwent metasomatic changes.This fact determines
widening of mineralogical classification of iron ores. Generally
mineralogical zoning is characterized by changing of
metasomatic mineral zones (from the central to the peripheral
part of metasomatic body): zone of aegirinezation — zone of
riebeckitezation — zone of silification — zone of
carbonatization — uninvaded zone of ferruginous quartzites
[4, 5, 12, 15]. Mineralogical zoning is based on significant
changing content of rock-forming minerals and chemical
components in mineralogical zones.The objective of this
research is the determination of the regularities in mineral and
chemical composition of metasomatically altered rocks
depending on the intensity of metasomatic processes. As a
result,the influence of sodium metasomatism on technological
parameters of ferruginous quartzites'metasomatic varieties
was studied. In condition of metasomatic changes of
ferruginous-siliceous formation rocks the metasomatic zoning
is superimposed on protogenicauthigenic-metamorphogenic
zoning.The metasomatic zoning succeeds features of
protogenicauthigenic-metamorphogenic zoning. As a result,
these polygenic (sedimentation + metamorphism +
metasomatism) bodies are complex in structure and variable
in mineral and chemical composition within the boundaries of
metasomatic zones.

The quantity of sodium (riebeckite) metasomatites
exceeds 90 % of the total volume of metasomatites in the
Pervomayske deposit. In connection with this, the
mineralogical composition, structure and texture of riebeckite
varieties of ferruginous quartzites and variability of their
technological parameters are considered below.

Laying out the main material. Ferruginous quartzites,
which are specific in composition, structure and texture, are
referred to sodium metasomatites.They are composed of
such rock-formed minerals as aegirine, riebeckite (rhodusite)
and albite. The affluent minerals include tetraferrous biotite,
celadonite, apatite, zircon and other minerals. Sodium
metasomatic bodies are characterized by the variety of forms
and sizes. Veins, mineralization zones of crumpling and
brecciation are the most common forms. The large lensoid
bodies have the thickness of 100-150 meters and the length
of 500—-700 meters (rarely to 2000 meters).

When the Pervomayske deposit researched
topomineralogically it was defined that mineralogical zoning
is the characteristic feature of the metasomatic bodies. It is
found in the maximum in thick strata. Within the boundaries
of productive strata the mineralogical zoning is
characterized by above mentioned metasomatic mineral
zones. This zoning is poorly developed or absent in small
metasomatic zones and zones of crush. In shales of the
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third-fifth horizon, the veins and lensoid bodies of sodium
metasomatites are found in close spatial connection with the
thick zones of desalination of the ferruginous quartzites. The
third-fifth horizon interlays productive strata.

Zone of aegirinezation is zone of maximum
metasomatic reconversion of ferruginous quartzites. If
disregard the late-magmatic and postmagmatic minerals
(carbonites, quartz, hematite, riebeckite and other) the
composition of aegirinitemetasomatites is bimineral
(aegirine + magnetite). Magnetite is relic. Mineral
composition of aegirinites does not depend on content of
protogenic ferruginous quartzites. Scaly texture of
protogenic ferruginous quartzites is succeeded with
aegirinite metasomatites. But the thickness of ore and
nonore interbeds decreases due to the removal of silica and
metasomatic compression.The thickness of aegirinezation
zone is changing from 10s centimeters to 20-30 meters.
Some bodies are70—100 meters thick.

Zone of riebeckitezation is traced by the replacement of
quartz, magnetite and hematite with riebeckite. Affluent
minerals are tetraferrousbiotite, celadonite, carbonates,
aegirine. Thickness of riebeckitezation zone is changing from

tens centimetres to 4-50 meters, rarely 70 meters.
Prolongation is 30-400 meters. These zones were formed as
a result of influence of the metasomatic dissolutions on the
protogenicferruginous quartzites, and the increase of value of
thermodynamic characteristics (sodium temperature activity,
fugitivity of oxygen). It caused the greater dependence of
mineralogical characteristics of riebeckitemetasomatites from
the composition of protogenicferruginous quartzites. If
riebeckitemetasomatites are formed by micaceous-hematite-
magnetite and magnetite quartzites, the substantial part of the
protogenic metamorphogenic micaceous-hematite and quartz
has been preserved. In this case, riebeckite is close to the
stoichiometric composition. Riebeckitezation of
cummingtonite-magnetitequartzites occurred through
pseudomorphosis of magnetite and magnesioriebeckite.
According to the microscopic observations the

neocrystallisation of the magnesioriebeckite is 1-20 % of its
total amount from the composition of metasomatites.
Structurally and texturally, riebeckitemetasomatites retain the
main features of protogenic ferruginous quartzites (fig. 2). In
this connection they are called riebeckitemetasomatites or
riebeckitevarieties of ferruginous quartzites.

Fig. 2. Processes of riebeckitezation in ore (a) andno ore (b) interbeds of magnetite quartzites.
Microscopic observations in translucent light.Nicol prism Il. Zoom, In 50,
White — quartz; black — magnetite; blue — riebeckite; green — aegirine

Zone of silificationis characteristic for almost all
metasomatic bodies. This zone is diagnosed by external
signs. They show significant content of quartz, appearance
of rich silification sections of enclosing rocks and presence
of cross-cutting quartz veins. Ore and non ore interbeds of
ferruginous quartzites are exposed to the processes of
silification. As a result, the content of magnetite (in ore
interbeds) and hematite (in non ore interbeds) is lower than
their content in the unaltered ferruginous quartzites. In zone
of silification affluent minerals are riebeckite,
tetraferrousbiotite, celadonite, carbonates, rarely aegirine.
Thickness of zone of silification is changing from 7-
10 meters to 40-50 meters.

Genesis of this zone was connected with "rundown" of
silicon with metasomatic battery solutions. The "rundown"
process took place from central metasomatic zones of
riebeckitezation and aegirinezation to periphery of
metasomatic bodies. Secondary ferruginous quartzites are
characterized by complex morphology of magnetite

individuals and aggregates (in the consequence of their
partial replacement) and filling of protogenic ferruginous
quartzites' grikes and vugs with secondary quartz.

The riebeckite varieties of ferruginous quartzites are
widely developed within the boundaries of the fifth and sixth
ferruginous horizons of the Pervomayske deposit. It is
connected with the considerable thickness of the
riebeckitization zone of metasomatic bodies.

The authors investigated 104 mineralogical samples of
riebeckitemetasomatites in a face of the quarry of
Pervomayske deposit. The mineral composition was
identified in samples of the riebeckite metasomatites with a
view to clarifying the existing data. The authors studied
mineral composition on the base scientific and research
mineralogical laboratory at the department of geology and
applied mineralogy of Kryvyi Rih National University.
Intermediate mineral composition of riebeckiteme
tasomatites is shown in Table 1.
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Table 1. Intermediatemineral composition(vol.%) of riebeckitemetasomatites
Riebeckitemetasomatites, which formed for such mineral varieties of ferruginous quartzites
Minerals micaceous-hematite- . . cummingtonite- magnetite-cummingtonite
. . magnetitequartzites . f .
magnetite quartzites magnetite quartzites quartzites
quartz 23,74 24,48 24,34 26,76
magnetite 25,94 33,14 28,70 17,44
micaceous-hematite 5,05 0,95 0,25 0,16
cummingtonite 0,00 0,04 1,77 4,15
biotute 0,00 0,00 0,05 1,15
aegirine 0,54 0,41 0,30 0,17
riebeckite, 41,78 37,79 41,31 46,54
magnesioriebeckit
albite 0,00 0,00 0,00 0,06
tetraferrousbiotite 0,39 0,34 0,11 0,07
celadonite 0,44 0,42 0,28 0,22
ferruginous talcum 0,12 0,08 0,06 0,06
carbonates’ 1,15 1,28 1,44 1,55
sulfides? 0,19 0,22 0,27 0,29
apatite 0,12 0,15 0,18 0,21
other minerals® 0,54 0,70 0,94 1,17
Total 100,00 100,00 100,00 100,00
Quantity of definitions 26 27 25 26

"Carbonates: calcite, dolomite, ferodolomite, reralysideroplesite, pistomessite.

2Sulphides: pyrite, pyrotine, chalcopyrite, arsenopyrite, marcasite.
3Other minerals: chlorite, garnet, stilpnomelane, tourmaline, zircon.

According to the results of the mineralogical studies the
authors discovered that the largest content of riebeckite
(46,54 vol. %) was characterized for riebeckitization zones
of metasomatites, which were originated from magnetite-
cummingtonite quartzites.This phenomenon is due to a
significant content of silicates (cummingtonite) in protogenic
ferruginous quartzites. Sodium amphibole (riebeckite)
displaced cummingtonite in the process of metasomatism.

The content of the commercial component (magnetite) is
slightly changed. In micaceous-hematite-magnetitequartzites
the content of magnetite is 29,96 vol. %, averagely. In the
riebeckite varieties of the micaceous-hematite-magnetite

quartzites the content of magnetite is 25,94 vol. %. It is 4 %
different. The same situation is observed in othervarieties of
ferruginous quartzites and their metasomatitic bodies in the
deposit. The content of quartz decreased more than twice. It
makes easier the enrichment process of the mentioned ores.
To prove that the authors have carried out technological
research to select the methods of riebeckite ferruginous
quartzites enrichment of the Pervomayske deposit.
Technological testing were carried out scientific and research
mineralogical laboratory at the department of geology and
applied mineralogy of Kryvy iRih National University.The
obtained data are given in the Table 2.

Table 2. Technological parameters of riebeckitemetasomatites of ferruginous quartzites

Varieties offerruginous quartzites Chemicalparameters, % Technological parameters, %
Fetotal. I:emaqn. B V € 0
Micaceous-hematite-riebeckite-magnetitequartzites 40,6 26,7 67,7 46,2 76,1 20,5
Magnetite-riebeckite-quartzites 40,8 33,8 68,8 49,1 83,4 11,7
Cummingtonite-magnetite-riebeckitequartzites 33,4 26,0 68,5 40,7 81,8 9,6

It was established that the quality of magnetite
concentrate obtained from riebeckite varieties is high and
stable (B = 68—-69 mass. %) depending on the protogenic
magnetite quartzites of the deposit (Table 2). This is due to
relatively weak displacement of magnetite (ore mineral) by
riebeckite in comparison to other zones of metasomatic
bodies (zone of aegirinezation and silification). In addition,
moderate metasomatic changes contributed the first
displacementof disseminated magnetite by riebeckite and
simplification of the form of large individuals and aggregates
of magnetite. Possibly, this improves the release of
magnetite during ore crushing and also promotes
improvement of recovery of magnetite in the concentrate
and low losses of magnetite in mine tailings.

Concentrate ratio (y) and iron recovery in the concentrate
(¢) are monitored with the content of magnetite in ore
composition and proportion of magnetite and other iron-
bearing minerals (micaceous-hematite, cummingtonite). The
highest technological parameters (concentrate ratio 49,1%,
iron recovery in the concentrate 83,4 %) are characterized for
riebeckitemetasomatites, depending on the magnetite
quartzites of the deposit. This is explained with the high
content of magnetite in protogenic magnetite quartzites.

The values of general iron losses in the process of
enrichment (3) depend on the content of relic high-ferrous
nonmagnetite  minerals  (cummingtonite, micaceous-
hematite, and neogenicriebeckite and aegirine) in the ore
composition. This parameter causes the character of
variability for iron losses in the process of enrichment in the
riebeckite varieties of ferruginous quartzites. This largest
parameter is for micaceous-hematite-riebeckite-
magnetitequartzites (3 = 20,5 %) and the lowest one — for
cummingtonite-magnetite-riebeckitequartzites.

In the previously published works of one of the authors,
data were obtained on the enrichment of the aegyrinized and
silicified varieties of ferruginous quartzites in the Northern
Region of the Kryvyi Rig basin [15].Analyzing the obtained
data, we can conclude that the technological parameters of
riebeckite varieties of ferruginous quartzites( = 67,7—
68,8 %) are larger than the technological parameters of
aegirine(B = 66,6 %) and silificate (B = 61,8-66,4 %)
ferruginous quartzites.

Conclusions.1. Within the boundaries of the
Pervomayske deposit productive strata the developed
sodium metasomatism is imposed on the protogenic
magnetite quartzites, thus forming the inhomogeneity of the
mineral iron ore composition.
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2. Riebeckitezatingferruginous quartzites comprise the
significant amount (about 44 % of the total volume of
productive strata) of mineral varieties of ferruginous
quartzites. Mineralogical research showed a significant
variation in compositionof riebeckite varieties of ferruginous
quartzites. This phenomenon is due to superimposition of
the metasomatic zoning on protogenicauthigenic-
metamorphogenic zoning.The authors of article showed that
the largest content of riebeckite (46,54 vol. %) is
characterized for cummingtonite-magnetite-
riebeckitequartzites. The obtained data specificate the
mineral composition of riebeckitezating ferruginous
quartzites, which were uncovered in the third ore body within
the boundaries of the Pervomayske deposit.

3. During technological investigation it was defined that
sodium metasomatism has different effects on the of
technological parameters changing. The most positive effect
is observed in riebeckitemetasomatites depending on
originating from the protogenic micaceous-hematite-
magnetite, magnetite and  cummingtonite-magnetite
quartzites. This is caused combinations of following factors:
the improvement of ore morphological features, internal
structure of individuals and aggregates of magnetite, the
character of extensional interrelation of individuals and
aggregates of magnetite and no ore minerals under the action
of sodium metasomatism. The best technological parameters
(B and y) are characterized for magnetite-
riebeckitequartzites.This is due to the proportion of magnetite
and other minerals in protogenic magnetitequartzites.

4. Itis necessary to take into consideration the obtained
regularities of the variability for the technological
parameters while specificating the mineralogical and
technological ores classification and mineralogical and
technological mapping of deposit.
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MIHEPANOT 151 HATPIEBUX METACOMATUTIB NEPBOMAWUCBLKOIO POAOBULLA
TA IXHIW BNNAUB HA AKICTb 3ANI3BOPYAHOIO KOHLUEHTPATY

Ha cyyacHuli momeHm po3po6ka lMepeomalicbko20o kap'epa eedembcsi 8 nieHiYHOMY HanpPsIMKy. Y yili yacmuHi podosuwa 8 Mexax npodyKkmue-
HOI mosuwji cnocmepizalrombcsi KpynHi, MemacoMamu4Ho 3MiHeHi mina 3anizucmux Keapyumie, siki 3Ha4YHOIO MipPOO 8nyiu8aromMb Ha MeXHOJ02i4YHi
nokasHuku 3anizopydHoz2o koHyeHmpamy. Came ye U obymoesioe Memy AaHoi po6omu — eue4eHHsI MiHepanbHO20 ckady, cmpyKkmypu ma mekc-
mypu, yMoe ymeopeHHs1 pubekimosux pizHosudie 3anizucmux keapyumis lepeomalicbko2o podosuwa, a MaKoX iXHiX MexHOo/I02i4HUX MOKa3HUKiIs.

MiuepanoziyHe AocnidxeHHs1 MemacoMamu4HO 3MiHeHHUX 3ai3ucmux Keapyumie ma ocobnueocmell iXxHbOI MiHepasio2i4Hoi 30Ha/IbHOCMI 8UKO-
Hyeasnocb 3a cmaHOapmHoo Memodukoro. Byno eudineHo 8 mMexax MemacoMamu4yHUX Min 30HU pubekimu3ayil ma eue4yeHo ixHili MiHepanbHUlU ma
cmpyKmypHo-mekcmypHul cknad. Byno npoeedeHo mexHonoziuyHi docnioxeHHs i3 36a2avyeHHs1 pubekimosux pisHoeudie 3anizucmux keapyumis.

Y po6omi HasedeHO pe3ynbmamu 8u84YeHHs1 MiHepasibHO20 ckady, cmpyKkmypu ma mekcmypu pubekimosux pizHosudie 3anizucmux Kkeapyu-
mie, a makox yMoe ixHb020 ymeopeHHsi. [I[poaHanizoeaHo y3a2anbHeHi 3aKOHOMIPHOCMI 3MiHU OCHOBHUX MeXHOJI02iYHUX napamempie pyo (emicm
3ani3a y cknadi KOHYUeHmpamy, euxid KOHUeHmpamy, eusly4eHHs1 3asiza 0o KOHYyeHmpamy, empamu 3aJi3a y xeocmax 36a2a4eHHs1) y po3pi3i Mmema-
comMamuy4Hux min npodykmueHoi moewi podosuuwia. Aemopamu 6ys10 A0C1iOKeHOo ensiue Hampieeo2o0 MemacomMamo3y Ha MexXHOJ102i4Hi MoKa3HUKU
pubekimoesux pisHogudie 3anisucmux keapyumis.

Pe3ynbmamu monomiHepanoziyHux i mexHoso2i4Hux docnidxeHb 6y10 UKOPUCMAHO sIK OCHOBY 07151 po3po6KuU MiHepas102iYHOI i mexHoJ102i-
4HOI kKapm podoesuuja, W0 3acmoeyrMmbCs NMpu onepamueHoOMy i nepcrneKmMueHoOMY rniaHyeaHHi 2ipHu40do06yeHuUx pobim, cknadaHHi cxeM onmuma-
JIbHO20 ycepedHeHHs 3anisHux pyd neped nodayero ix Ha 36a2ayyeasnbHi pabpuku 3 Memoro nideuujeHHs1 SKocmi 3ai3opy0HO20 KOHUeHmpamy i
3MeHWeHHs1 empam 3ani3a y eioxodax 36a2a4eHHsl.

Haykoea Hosu3Ha nonsizae 8 demanbHOMY npoeedeHHi MiHepanozid4Hux docidkeHb pubekimu3oeaHux 3anizucmux Keapyumie nNPoodyKmMueHoi
moeuwi lMepeomalicbko2o podoeguuja. A makox y nodasbWoMy 8UKOPUCMaHHI Yux pe3ysbmamie y mexHoso2iyHux eunpobyeaHHsix i3 36a2a4yeHHs
pubekimu3oeaHux 3anizucmux Kkeapyumis.

OmpumaHi 3akoHOMipHOCMi MiHIUBOCMi MeXHOI02i4HUX MOKa3HUKie MemacoMamu4Ho 3MiHeHuUx pyd y po3pi3i npodykmueHoi moeuji HeobXxi-
OHO 8paxysamu npu ymo4YHeHHi MiHepasibHO-mexHOoJ102i4YHOI Knacudikayii pyd i npu MiHepaso20-mexHono02iYyHOMY KapmyeaHHi podosuuja.

Knroyoei cnoea: Mepeomalicbke podosuuye, 3anizucmo-kpemeHucma ghopmauyisi, 3anizucmi keapyumu, MemacomMamuyHi 3MiHuU, 30Ha pubekimu-
3ayil, 36azayyeasnbHicms.
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MUHEPANOIMA HATPUEBbIX METACOMATUTOB NEPBOMAWUCBLKOIO MECTOPOXXAEHUA
N UX BNUAHUE HA KAYECTBO XENE3OPY[QHOIO KOHLEHTPATA

Ha ce2oduawHul deHb paspabomka Nepeomalicko2o kKapbepa eedemcsi 8 ceeepHOM HanpassieHuu. B amol yacmu mecmopoxxdeHusi 8 npedenax
npodykmueHol monwu Habndaromcesi KpynHble MemacomMamu4yecKku USMEHEHHbIe Mmesia Kese3ucmbiX K8apyumos, Komopble 8 3Ha4umesibHoU
Mepe e/usirom Ha mexHoI02UYecKue roKa3ameriu xene3opy0Ho20 KOHYeHmpama. 3ma cumyayus u o6ycrnoenueaem yesnb 0aHHOU pa6ombi — usy-
4YeHUe MUHepasibHO20 cocmasa, CmpyKmypbl U mekcmypbl pubeKkumosabix pa3HosudHocmeli Xene3ucmbix keapyumos llepeomalicko2o Mecmopo-
JxOeHus1, ycnioeuli ux o6pa3oeaHusl, a makXxe MexHO/I02UYECKUX MoKa3amesned.

MuHepanozuyeckue uccnedosaHusi C 14eCKU U3MeHEeHHbIX )esle3ucmbix Keapyumoe u ocobeHHocmel ux MuHepasno2u4yeckoli 30Ha-
JIbHOCMU 8bIMOJHANUCL M0 cmaHdapmHoli memoduke. Bbinu ebideneHbl e npedenax MemacoMamu4yeckux mes 30Hbl pubekumu3sayuu, usy4eH ux
MUHepasbHbIl, CMPYKMYPHO-MeKcmypHbIli cocmas. bbinu npoeedeHbl mexHonozu4eckue uccrnedosaHusi no o6ozaujeHur0 pubeKumoebIx pa3Ho-
sudHocmeli )ene3ucmbix K8apyumos.

lpueedeHbl pe3ynbmamai U3y4eHuUs MUHePasibHO20 cocmaea, CmpyKmypb! U meKkcmypbl pubeKumoebix pazHo8udHocmell )ene3ucmsix Keap-
yumos, a makxe ycnosuli ux obpa3soeaHusi. [[poaHanu3zupoeaHbl 0606ujeHHbIe 3aKOHOMEPHOCMU U3MEeHEeHUll OCHOBHbLIX MEXHOI02UYECKUX napa-
mempoe pyd (codepxaHue Xesne3a 8 cocmase KOHUeHmpama, ebixo0 KOHUeHmpama, usesieyeHue esne3a 8 KOHyeHmpam, rNomepu xese3a e Xxeoc-
max o6oz2aujeHusi) 8 paspese MemacoMamu4eckux mes npodykmueHoU mosuu MeCmopoxoeHuUsl. A@mopbI U3y4Usu e/lusiHUe HampuUe8o20 Mmema-
comMamo3a Ha MexHoI02u4ecKue nokazamesnu pubeKumoebix pa3HoeuOHocmel Xefe3ucmsbix Keapyumoe.

o pe3ynbmamam monoMuHepano2u4ecKux U MexHOI02UYeCKUX uccaedosaHuli 6b11Uu MOCMPOEHbI 2€0/1020-MUHEPaNIo2UYecKasl U 2e0/1020-mex-
HoJl02uYecKasi Kapmbl MECMOPOXOEHUsI, KOmopble UCMO/IbL3YMCS MPU orepamueHoOM U MepcreKmueHoOM nnaHuposaHuu 8o6bi4u pyd, cocmaesneHuu
cxXeM uX onmumasibHo20 ycpedHeHusi neped nodayveli Ha ob6ozamumernbHble ¢habpuku, MoebileHUsi Ka4ecmea )ese30pydHo20 KOHUeHmpama,
YMeHbUeHUsl momepsb xeJsie3a 8 omxodax o6o2awjeHust

Hay4Hasi HoeusHa cocmoum e demanbHOM npoeedeHUU MUHepano2u4ecKux uccredoeaHuli pubeKumu3upo8aHbIX esle3ucmbiX K8apyumoe fnpo-
dykmueHoli monwu lMepeomalicko2o MecmopoxdeHusl, a makxe e danbHellweM UCMONL308aHUU 3MUX Pe3y/IbMamos 8 MexHoI02u4ecKux ucrnbima-
HUsIX M0 0602aujeHuro puGeKUMU3UPOBaHbIX Xee3ucmbIX Keapyumos.

IMonyyeHHble 3aKOHOMePHOCMU 8apuamueHOCIMU MEeXHOJI02UYeCKUX Moka3ameJsieii MemacomMamuYyecKu U3MeHeHHbIX pyd 8 pa3pe3e npodykmu-
8HoU mosiuu Heo6xo0UMO yyumbieame MPU yMOYHEHUU MUHepasibHO-MexXHOo/102uYecKol Knaccugukayuu pyo u MUHepaso20-mexHoI02u4ecKoM
KapmupoeaHuu MecmopoxxoeHusl.

Knroveenie cnoea: lMepeomalickoe MecmopoxxOeHue, xesle3ucmo-KpeMHUcmasi gpopMayusi, xenesucmsle Keapyumsl, MemacomMamu4ecKue
u3MeHeHus1, 30Ha pubekumusayuu, 0602amumMocme.






