Ontogeny of halite individuals and aggregates from high-grade iron ores of Kryvyi Rih basin
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ONTOGENY OF HALITE INDIVIDUALS AND AGGREGATES
FROM HIGH-GRADE IRON ORES OF KRYVYI RIH BASIN

Results of ontogenetic studies of halite referring to harmful mineral impurities of high-grade iron
ores of Kryvyi Rih basin are given. The features of nucleation, growth, and change in halite crystals
and aggregates are characterized. It is noted that a comprehensive mineralogical, including ontogenet-
ic, study of halite is necessary for the development of optimal technologies for minimizing alkali content

in the saleable sinter ore of Kryvyi Rih basin.

General information. Halite refers to const-
stant mineral components of high-grade iron ores
extracted by the mines of the Saksaganskyi iron
ore district of Kryvyi Rih basin [6]. It is a harmful
mineral component in ores. In connection with
this the content of sodium in the composition of
iron ore is regulated on the world market: cumula-
tive quantity of sodium and potassium oxides
(Na,O+K>0) must not exceed 0.1 mass.%.

High-grade iron ores from all the mines of the
Kryvbas contain high concentration of alkali,
mainly sodium, and potassiumin in a lesser de-
gree. Over the last 50 years, the content of
Na,O+K»O in ores is constantly increasing with
the increase in depths of mining (currently 1300-
1500 m). At the beginning of 2015 this figure
amounted to an average of 0.35 mass.% (ranging
from less than 0.1 to 1.0 mass.%). This explains
the relevance of mineralogical and chemical re-
search, technological tests, aimed at minimizing
the alkali content in the ores to allowable show-
ings.

The aim of the work was to study the condi-
tions for the nucleation, growth and changes in
individuals of halite as a main alkali bearer in the
composition of high-grade iron ores in Kryvbas.

37 salt samples represented by individuals and
aggregates of halite formed on the surface of the
saleable sinter ore stockpile of “Rodina” Mine

have been used as initial raw material. The mine
selection was due to the highest halogenides con-
tent, mainly of halite, in its ore.

Research methods: crystallomorphological,
ontogenic — macroscopic and using a binocular
microscope.

Results and their discussion. Results of crys-
tallomorphological and ontogenetic studies of in-
dividuals and aggregates of halite have allowed
determining the peculiarities of their nucleateon,
growth and change on the surface and in the vol-
ume of saleable ore mass.

The nucleation of individuals and aggregates
of halite occurred: 1) spontaneously in suspen-
sion; 2) forcedly on the surface of crystals and
aggregates of halite of earlier generation; 3) forc-
edly at the surface of the ore particles composed
mainly of hematite and quartz [1, 2, 4, 7].

In the first case, outlines of seed individuals
having hexahedral shape ranging from 0.01 to 0.1
mm have been noticed in the central parts of large
(5.1 mm or more) crystals. Due to the fact that
further crystal growth occurred mainly by uniform
sedimentation of sodium and chloride ions on the
surface of all faces, the crystal growth zone of
equal width have been recorded (Fig. 1).

Upon reaching the size of 0.5-1 mm crystals
sank to the ore substrate, and their further growth
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took place in interaction with it, as well as with
other halite crystals and aggregates.

Fig. 1. A halite crystal of about 0.5 mm in size,
spontaneously nucleated in highly mineralized
mine water.

Forced nucleation of individuals of halite on
the surface of the crystals or aggregates of earlier
generations [1, 2, 4] happens repeatedly. Usually
it takes place in connection with the input of new
portions of highly mineralized mine water with
new batches of ore material, or in connection with
the leaking of the mine water pumping systems.
Nucleation micro-crystals are initially formed in-
dividually, and after a while, they are trapped by
common growth areas with a large crystal of ear-
lier generation, as shown in Fig. 2.
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Fig. 2. The nucleation of small halite crystals
on the surface of a large crystal of earlier genera-
tion.

The length of the edges of the crystal-substrate
is about 0.4 mm.

Forced halite crystal nucleation is also ob-
served on the partially dissolved (after rains or
dust control measures in ore stockpile) surface of
the previously formed crystals (Fig. 3) or on the
surface of mechanically destroyed crystals and
aggregates of halite [1, 2 4, 7] of earlier genera-
tions (Fig. 4).

Fig. 3. The nucleation of a halite crystal on the
surface of a semisolved crystal of earlier
generation.

The length of the formed crystal edge is about
0.6 mm.

In most cases the orienting influence of the
substrate on the nucleating halite microcrystals
takes place.

There were manifestations of two mechanisms
of induced nucleation of halite crystals on the sur-
face of the ore.

1. The nucleation on the surface of suspended
particles of ore, the size of which, according to
the microscopic observations, did not exceed 0.2
mm. In this case (Fig. 5) ore particle became
overgrown with seed crystals of halite. Upon
reaching the aggregate size of 0.5-1 mm it sank on
the substrate, the further growth of the halite crys-
tals occurred in the interaction with the substrate
[2,4,5,7].

2. The nucleation on the surface of the ore sub-
strate. Formation of seed crystals occurred at the
initial stage of water evaporation (Fig. 6). With
increasing intensity of this process the size of the
crystal increases, their growth took place in the
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interaction. After drying, the ore substrate was
covered with a crust of halite crystals ranging
from 0.1 to 10 mm.

Fig. 4. The nucleation of halite crystals on the
surface of mechanically destroyed individuals of
an earlier generation.

Edge length of newly formed microcrystals is
0.05-0.1 mm.

Fig. 5. The nucleation of halite crystals on a
fine (about 0.2 mm in maximum measurement) ore
particle in suspension.

The size of halite individuals is 0.02-0.05 mm.

Fig. 6. The nucleation of halite crystals on the
surface of the ore substrate.

The edge length of halite crystals is 0.1-0.2
mm.

Crystal growth takes place as well on halite
seeds suspended in the feed solution, and after
precipitation on the ore substrate. As it was shown
by the results of crystallomorphological studies,
the crystal growth takes place with formation of
holohedral, less often of edge and vertex skeletal
forms [1, 2,4, 5,7, 8].

The growth of holohedral crystal is realized by
depositing ions Na* and Cl- on the surfaces of
faces by flat or spiral layers [1, 2, 4]. Manifesta-
tions of both growth mechanisms are observed on
the surface of the studied halite crystals. In the
case of growth by flat layers the initial crystal
seed of the layer (Generation Point) usually joins
in with the apex of the crystal. Its joining in with
an edge is less energetically advantageous, and
therefore less likely to happen, and its joining in
with a face is even less likely to be realized [4].
All subsequent ions of this layer are deposited in
dihedral angles formed between the surface of the
previous layer and the initial crystal nuclei of the
forming layer. The layer growth continues until it
is full. With the growth by spiral layers, disloca-
tion in the previously formed layers have the role
of generating points; faces growth occurs accord-
ing to a screw way.

Crystal growth occurre in the conditions of
changes in the growth-supporting environment:
there are changes in the weather conditions, solu-
tion concentration, and its periodical turbidity
take place. Mechanical impurities in halite crys-
tals are associated with the latter. The rhythmic
repetition of turbidity of mine water and deposi-
tion of particles in the process of crystal growth
has led to the visualization of their zoning [1, 2,
4]. Zonal distribution of nanoparticles of dis-
persed hematite and kaolinite in crystals is the
most common (Fig. 7).

High concentration of salt in the mine water or
high crystallization rate resulted in the formation
of skeletal crystals of halite such as edge ones,
less of vertex ones [4, 8]. This was due to the con-
stant formation of new primary crystal seeds of
layers (the generation points) at the apexes and
along the edges of the crystal, and delay in the
filling of the central parts of faces (Fig. 8).
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Fig. 7. The zonal structure of halite crystals
caused by rhythmic mine water turbidity and dep-
osition of nanoparticles of dispersed hematite on
the faces of growing crystals.

Edge length of a larger crystal is 2.6 mm.
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Fig. 8. The structure of the edge crystal of hal-
ite in section through its center along the axis of
fourfold simmetry on a plane, that s
perpendicular to the faces of hexahedron.

The holohedral core edge length s
approximately 0.3 mmy; fine crystals edge length is
Jrom 0.03 to 0.1 mm.

Changing the halite crystals and aggregates in
high-grade ores occurs for two main reasons: the
mechanical action (brittle deformations) and dis-
solving [1, 2, 4, 7]. In the first case, halite crystals
and aggregates typically experienced brittle de-
formation due to repeated overloading of the ore
material. This resulted in their partial (Fig. 9) or
complete destruction.

As mentioned above, the delivery of new por-
tions of mine water, precipitations resulted in

lower concentrations of salts in the feed solution.
It causes partial or complete dissolution of the
formed crystals (Fig. 10).

Fig. 9. The aggregate of halite crystals with
mechanically destroyed surface.
Halite individuals size is from 1 to 3 mm.

Fig. 10. The aggregate of halite crystals with
surface subjected to dissolution.
Halite individuals size is from I to 3 mm.

At later stages, mechanically destroyed, or par-
tially dissolved halite crystals could serve as seeds
for the nucleation of crystals of new generations,
as it is shown in Fig. 3, 4.

Conclusions

1. Halite is a permanent mineral component of
high-grade iron ores of Kryvyi Rih basin; it refers
to the harmful impurities in iron ore. Its content in
ores is 3-4 times higher than it is acceptable by
the world market requirements.

2. Increased salinity mine waters with the con-
tent of soluble sodium compounds in terms of
Na,O in averages 0.35 mass.%, in some cases
makes up to 1.0 mass.%, are the source of the hal-
ite formation.

3. The nucleation of halite crystals takes place
spontaneously in suspension in the volume of feed
solution or is stimulated on the surface of halite
crystals of earlier generations, or on the surface of
the ore particles. The growth is realized to form
holohedral, less often edge and vertex skeletal
forms. Alteration and destruction of halite crystals
usually takes place under mechanical influence or
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due to dissolution. Destroyed or partially dis-
solved halite crystals are often seeds for the nu-
cleation of new generations of crystals.

HEOOXOAMMO B CBSI3M C Pa3pabOTKON OMNTH-
MaJIBHOW TEXHOJOTUM CHUKEHHUSI COACPIKaHUS
HIesIo4eill B COCTaBe TOBAPHBIX arJIOMEPAaLlMOHHBIX
pyn KpuBopoxckoro 6acceiiHa.

4. Comprehensive mineralogical studying of
halite, including its crystals and aggregates ontog-
eny [3] is necessary in terms of the development
of optimal technology for minimizing alkali con-
tent in the saleable sinter ore of Kryvyi Rih basin.
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BEPE3A [1.B., EBTEXOB B.A., EBTEXOBA A.B., AEMYEHKO O.C., FEOPTIEBA O.M.
OHTOreHis iHAuBIAIB i arperaTiB ranity 3 6aratux 3anisHux pya Kpusopisbkoro 6acei-

Hy.

Peszrome. 'anim nocmivino npucymuiu 'y 6azamux 3aniznux pyoax Kpueopizvkoeo 6aceiiny. Bin

BIOHOCUMBCSL 00 WIKIOTUBUX MIHEPATLHUX OOMIUOK 3ANIZHUX PYO, Y 38 S3KY 3 YUM GUBHEHHS U020 MiHe-
DPANLHOL NPUPOOU, YMO8 YMEOPEHHS, PO3ROOLLY 8 PYOHUX HOKAA0AX HeOOXiOHO OJist OYIHKU AKOCMI PO,
ix eapmocmi mowo. Bmicm eanimy 6 cxnaodi pyo Kpusbacy 6 3-4 paszu suwuii 6i0 00nycmumozo 3a u-
Moz2amu C8Imoo20 puHKy. J{oicepeno YymeopeHHs 2animy — ni0GUUWEeHOI CONOHOCMI WAXMHI 600U, 6 AKUX
BMICM PO3UUHHUX CROAYK Hampiio @ nepepaxyHky Ha Na:O konusacmuvcs 6id menwe 0,1 0o 1,0 mac.%, @
cepeonvomy cmanogums 0,35 mac.%. 3a pezyivmamamu OHMOSEHIYHUX OOCTIONCEHb, 3APOOIHCEHHS
KpUcmarnie 2animy 6i006y8acmvcsi CAMOBIIbHO Y 36ANCCHOMY CIMAHL 8 00 €MI JCUBNIOU020 PO3YUHY A0
NPUMYCO80 HA NOBEPXHI KPUCMANIE 2ANiMY PAHHIX 2eHepayill ma Ha NosepxHi pyoHux yacmurok. Pocm
KpUCmainié peanizycmvcsa Wisaxom YMEOPEeHHAM HOGHOSPAHHUX, 3HAUHO piduie pebepHUx i GepuUHHUX
ckenemHux Gopm. 3minu ma pyuHy8aHHs KpUCmaiie 2animy, 3azsudail, siodysaemvcs nio 0iclo Mme-
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XAHIYHUX HABAHMACEHb AOO BHACNIOOK PO3YUHEHHS. 3PYIHO8AHI OO YACNKOBO PO3YUHEHI KPUCMATU
2animy Moducymv Oymu 3ampasKamu npu 3apoodiCeHHI KPUCManie Hoeux ceHepayii. Bcebiune minepa-
JI02iYHe, 8 MOMY YUCH] OHMO2eHIUHe GUBYEHHS KPUCMATIE | azpe2amis 2animy HeoOXioHe 0ji po3pooKu
ONMUMATBLHOI MEXHON02TT 3HUNCEHHA 6MICIY N1V2I8 Y CKAA0i Mo8apHux aznomepayitinux pyo Kpueopizo-
K020 bacetimy.

Kurouosi cioBa: 3amizucro-kpemuucra ¢opmaris, KpuBopizekuii 6aceiin, 6arati 3ami3Hi pyaw, ra-
JIT, OHTOTEHis TaJTy.

BEPE3A [.B., EBTEXOB B.[l., EBTEXOBA A.B., JEMYEHKO O.C., TEOPI'MEBA E.I.
OHTOreHus MHANBUAOOB U arperatoB raauta 3 6orartbIxX Xenes3HbIX pyA KpVIBOpO)KCKOI'O
b6accenHa.

Peztome. ['anum omnocumcsi K NOCMOSIHHbIM MUHEPATLHBIM KOMNOHEHMAM 602amblX JiCeNe3HbIX PYO
Kpusopooicckozo baccetina. On siensemcs 6pedHOll MUHEPATbHOU HPUMECHIO PYO, C8A3U C HeM Koaude-
CMB0 2anuma, Kax u Opy2ux weiodb-cooepilcaujux MuHepanos 6 pyoax peziamenmupyemcs. Ilo nop-
MAmMu8am MuUpo80o20 PulHKd, CYMMApHoe KOIUYecmao okcudos nampus u kanus (Na;O+K>0) 6 cocmage
JHCeNe30PyOH020 Chipbsl He 00NNHCHO npegviuams 0,1 mac. %.

bocamvie sceneznvie pyovl écex waxm Kpuebacca omauuaromes nOGbIUUEHHIM COOEPACAHUEM OK-
cudo0s8 wenoyell,— 2nagHbIM 00pA30M, HAMPUS, 6 3HAYUMETbHO MeHbUleM Koauvecmee Kaaus. B nauane
2016 2. smom nokazamens 6 cpeonem cocmasun 0,35 mac.% (konebanus om 0,1 oo 1,0 mac.%). Dmum
00YCNOBNIeHA AKMYAbHOCMb MUHEPATOSUYECKUX U XUMUYECKUX UCCTe008AHUL, MEXHOIOSUHECKUX UC-
NuIMAaHUll, HANPAGIEHHLIX HA CHUNCEHUE COOEPIICanUs wenoyell 8 cocmase pyo 00 Npuemiemvlx noKa-
3amereti.

Lenvro asmopog 6wL10 uzyueHue YCaosull 3apodlicOeHUst, pOCMAa U U3MeHeHUs UHOUBUOO8 2aNUma KaK
2Na8HO20 HOCUmes ujeiodell 8 cocmase boeamuix Jcene3uvix pyo Kpusbacca. B xauecmee ucxoonoeo
Mamepuana ucnoaw3oearucy 37 npob conetl, npeocmagieHHblX UHOUBUOAMU U acpe2amamu 2aiuma,
KOmopbule 00paz0eaniucs Ha NOSEPXHOCIU PYOHOU MACCbL U BOKPYe CKIAOA MOBAPHOU A2TOMEPAYUOHHOU
Ppyoul waxmol «Poounay. Bulibop waxmer Ovln 00yciognen naubonee 8blCOKUM COOEPI’CAHUeM 2anoze-
HUOO08, 21AGHbIM 00PA30M, 2ATUMA 8 COCAGe ee MOBAPHOU PYOb.

Pezynomamul kpucmaniomop@onoeuueckux u OHMOSEHUYECKUX UCCIeO08AHUL UHOUBUOO8 U azpe-
2amos 2anuma no360AUNU ONPeOeiumsb 0COOCHHOCMU UX 3aPONCOCHUS, POCA U USMEHEHUs HA NOGepX-
HOCMU U 8 0ObeMe MOBAPHOU PYOHOU MACCHL.

3apooicoenue kpucmanios npoucxooum: 1) camonpouz8oivbHO 80 636€ULCHHOM COCMOSAHUU, 2) 6bl-
HYHCOEHHO HA NOBEPXHOCMU KPUCATIO8 U az2pe2amos 2aiuma 6onee pannel 2enepayuu; 3) GblHYHC-
O0EeHHO HA NOBEPXHOCMU YACMUY PYObl, CIONCEHHBIX, 2TIAGHLIM 00PA30M, 2eMAMUNOM U K8APYEM.

Pocm xkpucmannog npoucxooum kax Ha 3apoovliax 60 636€ULEHHOM COCMOSHUU, MAK U HOCIe UX
ocadicoenus Ha pyouwili cyocmpam. OObIuHO 00pa3ylomces NOIHOSPAHHbIE, 3HAYUMENbHO pedice pebep-
Hble U GepuiUHHble CKelemible Kpucmaivl. Tlepuoduueckoe eamyuusanue waxmuou 600bl U 0CANCOe-
HUe HAHOYACMUY 2eMamuma U KAOIUHUMA HA NOGEPXHOCMU PACMYWUX KPUCTATLIO8 2ATUMA S61Aemcs
NPUYUHOU BU3YATUZAYULU UX 30HATLHOCHIU.

Usmenenue u paspyuienue Kpucmaiiog 2aiuma 00blMHO NPOUCXOOUmM HOO Oelicmeuem MexaHuye-
CKUX HASPY30K WAl 8Credcmeue pacmeopenus. Paspywennvie unu uvacmuuno pacmeopentvie KpUcma-
JIbL YACHO CIYACAM 3aMPASKAMU OJis 3APOACOAIOUUXCS KPUCTHATLIOB 2ATUMA HOBbIX 2eHEPAYULL.

Bcecmoponnee munepanocuueckoe, 8 mom uucie OHMOLEHUHECKOe U3YUeHUe 2anuma HeobXo0UuMo
015l pa3paboOmKy ONMUMATLHOU MEXHOI02UU CHUNCEHUSL COOEPHCAHUS Ujesodell 8 COCMAge MOBAPHBIX
aznomepayuonnwvix pyo Kpusopooicckoeo baccetina.

KiroueBblie cioBa: xenesucto-kpeMHucras ¢popmanusi, KpuBopoxckuii 6acceit, OoraTele xenes-
HBIE PY[Ibl, TAIUT, OHTOTCHHUS TAINTA.
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BEREZA D.V., EVTEKHOV V.D., EVTEKHOVA A.V., DEMCHENKO O.S., GEORGIIEVA
E.P. Ontogeny of halite individuals and aggregates from high-grade iron ores of Kryvyi
Rih basin.

Summary. Halite is constantly present in high-grade iron ores in Kryvyi Rih basin. It refers to
harmful mineral impurities in iron ores, and therefore, the study of its mineral nature, formation
conditions, distribution in ore deposits is necessary to assess ore quality, cost, etc. Halite content in
Kryvbas ores is 3-4 times higher than allowable one by requirements of the global market. Halite for-
mation is caused by salinity of mine waters in which the content of soluble sodium compounds in terms
of Na;O ranges from less than 0.1 to 1.0 mass.%, the average is 0.35 mass.%. After the results of
ontogenetic studies halite crystal nucleation occurs spontaneously in suspension in the volume of the
feed solution or forcedly at the surface of the halite crystals of early generations and at the surface of
ore particles. Crystal growth is realized by forming holohedral, less often edge and vertex skeletal
forms. Alteration and destruction of halite crystals usually takes place under the influence of
mechanical loads or by dissolution. Destroyed or partially dissolved, halite crystals may become seeds
for new generations of crystals. Comprehensive mineralogical, including ontogenetic, study of halite
crystals and aggregates is necessary for developing optimal technologies for minimizing alkali content
in seleable sinter ores of Kryvyi Rih basin.

Key words: banded iron formation, Kryvyi Rih basin, high-grade iron ores, halite, halite ontogeny.
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