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PECULIARITIES OF HIGH GRADE HEMATITE ORES
MINERAL COMPOSITION OF INGULETSKE DEPOSIT
LOST RESERVES (KRYVYI RIH BASIN)

Results of studies of mineralogical and chemical composition of high grade “Ingulets
type” iron ores lost when mining using underground method, stripped at the faces of
northern edge of the Ingulets Iron Ore Mining and Dressing Works were given. Further di-

rections of their researches were suggested.

Ingulets deposit of iron ores is a raw material
base for Ingulets Iron Ore Mining and Dressing
Works (InGZK) which extracts low grade mag-
netite ores (magnetite quartzites) applying open-
pit method, produces iron ore (magnetite) concen-
trate from them. The deposit refers to Lykh-
manivskyi iron ore region of Kryvbas located in
extreme southern part of the basin. Tectonically
the deposit coincides with the area of Lykh-
manivska syncline closing.

Before the beginning of 90-s of XX-th century
apart from magnetite quartzites the Works mined
by underground methods high grade iron ores
with iron content of more than 46 mas.% reserves
of which previous researchers [1-3] classified as
so called “ingulets type ores”. Lenticular tabular
shape, clear confinedness to the zones of the fifth
and sixth ferruginous horizons of the Saksagan
suite and metaclastolite rock mass (schists of var-
ious composition having sandstone bands) of the
Gdantsivska suite are typical for them. Thickness
of ore reserves makes up from 1-2 to 50-60 m;
occurrence depth in northern part of Ingulets de-
posit reaches 2000 m. Ores were extracted by un-
derground methods up to 1000 m, ore fields of the
mines bordered proximately from the north the
ore field of the present InGZK ore field.

In recent years mining workings of northern
edge of the open-pit have started to expand to the

zone of the mines ore fields. In the consequence
mined workings and high grade ores lost at their
extraction were exposed at the upper horizons of
former mines. It resulted in conducting studies to
determine possibilities of mining high grade ore
reserves and getting high grade iron ore concen-
trate from them. The theme of the studies is to
define their mineral and chemical composition.
High grade ores opened by faces have purely
hematite composition. They are product of weath-
ering of primary high grade magnetite ores, major
ore forming and accessory minerals of them were
magnetite, quartz, specularite, ferruginous (cum-
mingtonite, iron talc (minnesotaite), magnesiorie-
beckite, aegirine and others), alumina-ferriferous
(biotite, chlorite, almandine, celadonite, stilpno-
melane, albite and others) silicates as well as fer-
riferous (siderite, sideroplesite, pistomessite, fer-
rodolomite) and iron free (calcite, dolomite) car-
bonates. Throughout the process of primary ores
weathering quartz and specularite were quite re-
sistant to the hypergenous factors influence and
were not subjects of changes. Magnetite was
transplaced with martite, at partial replacement in
the central zones of martite aggregates small xen-
omorphic relict inclusions of magnetite remained.
Ferriferous silicates and carbonates were replaced
by dispersed hematite and quartz (chalcedony,
opal) aggregate; alumina-ferriferous silicates were
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replaced by dispersed hematite, kaolinite and
quartz (chalcedony, opal) aggregates. Iron free
carbonates were subjected to full resorption. Thus,
hypergenous changes of high grade magnetite
ores were directed to simplification of their min-
eral composition, to impoverishment of their min-
eralogical variability.

Subsequent weakening of hypergenous factors
influence on primary magnetite ores with depth
resulted in formation of typical for high grade
ores of Ingulets deposit clear downward miner-
alogical zoning. At the depth of more than 700-
1000 m ores have substantially magnetite (sili-
cate-carbonate-magnetite, magnetite, specularite-
magnetite) composition. Higher in the section
ores get hematite-magnetite, then magnetite-
hematite composition, after that they have sub-
stantially hematite (dispersed hematite-martite,
martite, specularite-martite) composition. Among
substantially hematite ores intensively disintegrat-
ed varieties are quite abundant — so called martite,
specularite-martite loose rock (“rustle”). At the
upper hypsometric horizons of ore reserves mar-
tite, specularite, dispersed hematite, partially
quartz were metasomatically replaced with iron
hydroxides (goethite, dispersed goethite, lepido-
crocite) depending on intensity of hypergenous
ore changes.

Thus, mineral composition of high grade hem-
atite ores exposed by the open-pit was determined
by composition of primary high grade magnetite
ores and intensity of their hyperginous changes. It
explains presence of numerous ore mineral varie-
ties in ore bodies, the most abundant being goe-
thite-martite-specularite, goethite-specularite-
martite, goethite-martite, goethite-dispersed hem-
atite-martite, goethite-martite-dispersed hematite,
martite-kaolinite-goethite-dispersed hematite,
martite-specularite, specularite-martite, martite,
dispersed hematite-martite, martite-dispersed
hematite, martite-kaolinite-dispersed hematite e.a.

Table 1 offers average mineral composition of
high grade hematite ores reserves of which are
being exposed currently in the open-pit faces. As
it can be seen, hematite (77.14 mas.%) and miner-
als of quartz group (15.99 mas.%) are major ore
forming minerals. The former is represented by
martite and specularite, in minor quantity by dis-

persed hematite. As mentioned above, martite
aggregates occasionally contain relict inclusions
of magnetite; their quantity increases downwards,
average magnetite content makes up 2.78 mas.%.

Quartz is a major non ore mineral, its average
content in ores makes up 15.83 mas.%. Ore form-
ing process was accompanied by SiO, dissolving
which normally started along contacts of quartz
individuals. This often caused marshallit for-
mation and, consequently, low mechanical hard-
ness of ores, and at the level of upper hypsometric
horizons of the deposit exposed by open-pit faces
it caused hematite ores friability. Content of other
minerals in ores is negligeable.

Mineral composition of hematite ores is close-
ly connected with their chemical composition.
Average iron quantity (Fe.) is 53.85 mas.% after
the data of 25 determinations (ranges from 46.15
to 65.79 mas.%). Iron content in magnetite is 1.76
mas.% (ranges from 0.05 to 4.61 mas.%) and in
silicates and carbonates it makes up 0.43 mas.%
(ranges from 0.21 to 0.94 mas.%) and is neglige-
able. Iron, which is main chemical ore compo-
nent, associated with martite, specularite, iron
hydroxides (Femart+hem+hydr): its content ranges
from 45.78 to 65.32, in average makes up 51.66
mas.%.

After the operational expertise of acting Kryv-
bas open-pits, selective mining of high grade ores
from lost reserves is accompanied by admixture
of hosted hematite quartzites of the fifth and sixth
ferruginous horizons, by mined ore mass dilution.
It is expected that iron content in mined ore mate-
rial will not exceed 50-51 mas.%. It is 5-7 mas.%
lower than iron content in amenable sinter iron
ores and 15-17 mas.% lower than corresponding
iron ore concentrate ratio.

Preliminary design calculations and working
experience of a range of mining and beneficiation
companies testify the high economical efficiency
of selective mining high grade iron ore under the
conditions of introducing efficient technology for
producing high grade useful final products that
are sinter ore or iron ore (hematite) concentrate
from mined ore mass.
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Table 1.
Average mineral composition of high hematite ores of lost reserves
. . L. Mineral content,
Minerals and mineral varieties mas. %
hematite, . - 7714
including:
martite 62,59
specularite 12,21
dispersed hematite 2,34
magnetite 2,78
iron hydroxides, 531
including: ’
goethite 1,91
dispersed goethite 0,29
lepidocrocite 0,11
quartz group minerals,
including: 15,99
quartz 15,83
chalcedony 0,12
opal 0,04
silicates,
including: 0,96
relict silicates (hypergenically changed cummingtonite, biotite, chlorite, ferriferous talc, gar- 0.32
net, celadonite, magnesioriebeckite, aegirine and others) ’
newly formed (hypergenous) silicates (kaolinite, montmorillonite, beidellite, hydrobiotite and 0.64
others) — estimated data !
carbonates,
including: 0,32
relict carbonates (siderite, sideroplesite and others) 0,07
hypergenous iron free or low-iron carbonates (calcite, aragonite, dolomite, ferrodolo- 0.25
mite, khantite and others) !
sulphides,
including: 0.1
relict sulphides (pyrite, pyrrhotine and others) 0,02
hypergenous sulphides (marcasite, melnikovite and others) 0,09
apatite 0,04
other minerals 035
(zircon,tourmaline,gypsum,jarosite,copiapite and others) ’
Total 100,00
Determinations quantity 34

Conclusions

1. Lost reserves of high grade iron ores of In-
gulets deposit are unmined end fragments of ore
bodies of contact zone between Saksaganska and
Glantsivska suites. They have been increasingly
exposed by northern edge of the Ingulets GZK
open-pit recently.

2. Vertical mineralogical zoning is typical for
the reserves. Their upper parts are represented by
a thin (up to 15-30 m) zone of goethite-hematite
ores. Downwards hematite zone occurs, lower
there are magnetite-hematite and hematite-

magnetite zones. Ores of the last-mentioned one
grade subsequently to hypergenious way un-
changed magnetite (silicate-carbonate-magnetite,
magnetite, specularite-magnetite) ores at the depth
of 700-1000 m.

3. High grade ores exposed in the open-pit are
mainly composed by hematite (77.14 mas.%) and
quartz (15.99 mas.%). Hematite is mostly repre-
sented by martite as well as by specularite and
dispersed hematite. Quantity of secondary miner-
als (goethite, relict magnetite, relict and newly
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created silicates and carbonates) is negligeable,
about 7 mas.% overall.

4. Average iron content in exposed by open-pit
ores is 53.85 mas.%, including 51.66 mas.% of
iron contained by hematite and iron hydroxides,
1.76 mas.% of iron contained by magnetite, 0.43
mas.% by silicates and carbonates.

5. High grade iron ores from lost reserves do
not meet the requirements of metallurgical enter-
prises in terms of iron content. But the use of
mineralogically optimized beneficiation technolo-
gy high quality sinter ore or saleable iron ore
(hematite) concentrate can be produced from
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BECMOACKO E.O., MEJIbHUKOBA M.M., €BTEXOB B.[l., €BTEXOB €.B.,
BECMNOACKO T.B. Oco6nuBocTi MiHepanbHOro cknagy O6araTux remaTtutoBuUX pyAa
BTpaveHux noknaaiB IHryneubkoro pogosuuia (KpuBopisbkum 6acemH).

Pestome. Bmpaueni noxnadu 6azamux 3ani3Hux pyo max 36aH020 «IH2YIeYbKo20 MUny» po3Kpumi Ha
BEPXHIX 2INCOMEMPUUHUX 2OPUZOHINAX BEOeHHs ipHUYUX pobim y kap’epi Ineyreyvkoco 2ipnuyosdaza-
yyeanbHo20 Kombinamy. Ix docriodcenns mae Memoio 3a MinepanoiuHuUMU 1 XiMiuHUMU OQHUMU BU3HA-
YUMU MONCTUBICMb BUPOOHUYMBA 3 BMPAUEHUX Oazamux pyo GUCOKOAKICHOL 3ani30pyOHOI CUPOGUHUL.
Pyooymeoprosanvrumu minepanamu pyo, po3kpumux y 3a005x kap’'epy, € keapy (cepeonit emicm 15,99
mac.%) i eemamum (77,14 mac.%), npedcmasnenuit Mapmumom, 3aii3HOI0 C000I0 i QUCHEPCHUM 2e-
mamumom. Buicm inwux minepanie (2iopoxcudie 3aniza, peiikmoso2o MazHemumy, peiikmosux i HO8o-
VYMBOPEeHUX CULiKamie i Kapbornamis) He3Haunull, 3a2aiom — onuzvko 7 mac. %. Cepednil emicm 3aniza y
cxnadi pyo cmanosums 53,85 mac.% (xonusanns 6io 46,15 0o 65,79 mac.%). [nsa odepacanns Konou-
Yitinoi a2nopyou abo 8UCOKOAKICHO20 2eMamumo8020 KOHYEHMpamy ciio po3pooumu MinepaniocivHo u
EeKOHOMIYUHO 30ANAHCO8ANY MEXHON02II0 30a2ayents pyOHoi Macu.

KurouoBi cjoBa: 3amizucro-kpemancta dhopmariisi, KpuBopizpkuii OaceiiH, 6arari 3aii3Hi pyad, Mi-
HEpaTBHUH CKJIaI Py, XIMIYHUH CKIaz PY/I.

BECMOACKO 3.A.,, MEJIbHUKOBA M.M., EBTEXOB B.[., EBTEXOB E.B.,
BECMOACKO T.B. OcobeHHOCTM MMHepanbHOro cocraBa 6oratbiXx reMaTUTOBbIX pynA
yTepsAHHbIX 3anexen UHryneukoro mectopoxaeHus (KpuBopoxckumn 6accemH).

Peztome. Uneyneykoe mecmopoogicoenue dicene3nvlx pyo A6aiemcs coipbegoli basol Huzyneykoeo 2o0-
proobozamumenvrozo komounama (Mnl'OKa), xomopwiii omxpoimuim cnocobom 0obvieaem OeoHbvie
Maznemumosgvle pyobl (MAZHEMuUmogvle Keapyumol), nPOU3EOOUm U3 HUX JHcere30pYOHbIll (MacHemu-
moegvlil) konyenmpam. /o nHauana 90-x 20006 XX cm. KomOunam xpome MAcHemumosvblx Keapyumos
NOO3eMHbIM CROCOOOM 000bIBAN MAKJICe dceaes3Hble pyobl ¢ codepicanuem dceaesa bonee 46 mac.%.
Jlns ux 3anexceli XapaxmepHa IUH308UOHS, NIACMO8As opma, mouwpocmes om 1-2 00 50-60 m. Inybu-
HA pacnpocmpanenust pyoOHbIX mejl. 8 ce8eproll uacmu mecmopodicoenus doocmueaem 2000 m. o any-
ounvl oxono 1000 m pyosr ompabomansl wiaxmamu, pyoHvle noas KOMopvlx HeNOCPEOCMEEHHO ¢ cesepa
npuiecaiom K pyoHomy nouo cogpemennozo kapvepa Mnl OKa. Ha npomsoicenuu nocieOHux nem ce-
6EPHYILL DOPM Kapbepa HAYal NOCTHENEeHHO 3aX6amvleamsb pyoHoe noie waxm. Beaeocmeue samoeo na
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BEPXHUX 20PUZOHINAX BEOCHUS 2OPHBIX PAOOM OLLIU BCKPLIMBL OMPAOOMAHHBIE WAXMHBIE bIPAOOMKU U
YmMpayeHHvle 3anexicu O02amvix dHcene3uvix pyo. 3 9muMm CesA3aH0 NposedeHue UCCIe008anUtll, Hanpas-
JIEHHSIX HA OYEHKY 803MOINCHOCMU PA3pAbOmMKU YMEPIHHbIX 3anexcell pyo, OnpedeneHusi 603MOICHOCU
NpoU3BO0CMBA U3 HUX BbICOKOKAYECMBEHHO20 JiCeNe30pyOH020 cbipbs. OCHOB0U 2MUX UCCAE008aAHUL
A6ISLEMCA YCMAHOBENICHUE UX MUHEPATIBHO20 U XUMUYECKO20 COCMABA.

Pyoul, mena xomopuix 6ckpvimul 3a005MU Kapvbepa, UMEIOm CYUeCmE8eHHO 2eMamumosblii cOCmas.
Onu s161310Mcsi NPOOYKMOM GblGEMPUBAHUSL NEPEUYHBIX H02aAMbIX MASHEMUMOBUX PYO, OCHOBHbIMU DY~
00006pasylowumMu U 6MOPOCHENEHHBIMU MUHEPATAMY KOMOPbIX ObLIU MAZHEmum, Keapy, 2emamum
(orcenesnasn cmooxa), xcenezucmoie (KYMMUHSIOHUM, JHCENe3UCTBII MATbK (MUHHECOMAUm), MACHE3UO-
pubexum, d2uUpun u 0p.), eruHozem-xicenesucmoie (OUOMUM, XI0PUM, ATbMAHOUH, CETAOOHUM, CUTb-
NHOMENAaH, anboum u 0p.) CUNUKAMbL, A maKdice dcene3ucmole (CUOepum, cuoeponiesum, NUCMome3um,
geppooonomum) i be3zoicenezucmoie (Karvyum, 0oromum) kapoonamu. B npoyecce gvigempuganus nep-
BUUHBIX PYO KAPY U JiceNe3nas Co0Ka ObLiu OMHOCUMENTbHO YCMOUYUGLLMU, MACHEMUM 3aMeuaics
2emMamumom (Mapmumom); dcese3ucmole CUTUKAMbL U KApOOHAMbL 3aMEeWanucsy azpe2amom oucnepc-
HO20 eemamuma u Keapya (XaiyeooHd, onaia); 2nuHo3eM-dicene3ucmole CUIUKAmMbl — azpe2amom Ouc-
NEePCHO20 cemamuma, Kaoaunuma u Kkeapya (xaayedoua, onana). besocenezucmuvle xapbonamuvl noi-
HOCMbIO pacmeopsanucs. Takum o6pazom, eunepeentvle usMeHeHuss 602amvlx MazHemumoeguix pyo ObLiu
HAanpasiensl Ha YRPoujeHue ux MUHepaIbHO20 COCMAgd, YMEeHbUeHUe UX MUHEPAIOSUYeCcKO20 Pa3Ho00-
pasusi.

Bcreocmeue nocmenennoco ocnabnenus ¢ 2nyOuHou 0eticmeusi 2UNepeeHublx akxmopos, c@opmu-
POBANACH BEPMUKANbHASL MUHEPANOSUYECKAs 30HANBHOCMb 3anedceli boeamuvix pyo. Ha enybune bonem
700-1000 m onu umerom CyuwecmeeHHO MACHEMUMOosslil (CUTUKAM-KAPOOHAM-MACHEMUMOo8bill, MacHe-
MUMOBUL, JiCENe3HOCTIOOKO-MAZHEMUmMogulil) cocmaes. Buwe no paspesy pyou npuobpemaiom zema-
MUM-MACHeMmumogblil, 3amem MAacHemunm-2eMamumosslil, ewje eviile — CYUeCcmeeHHO 2eMamumosbiil
(Oucnepcrocemamum-mapmumossitl, MApMUmMosslil, AHCeNe3HOCTIOOKO-Mapmumogulii) cocomas. Ha
VPOBHE BEPXHUX SUNCOMEMPULECKUX 20PUZOHIMOE PYOHBIX 3AaediCell 8CIe0CmBUe UHIMEHCUBHBIX 2unep-
2EHHBIX UBMEHEHUL PYO NPOUCXOOUNO 3AMeUujeHUe Mapmuma, JHcele3Hol ClioOKU, OUCHePCHO20 2eMda-
MUMa, YacmuyHo Keapya — cUOPOKCUOAMU Hcene3a (2emumom, OUCHEPCHbIM 2eMUmMoM, 1enUOOKPOKU-
mom).

Ilo pezynomamam uzyuenus mamepuana 34 npod b6ocamvix pyo, 8CKpbImMbIX 8 3a005X Kapbepa, ux
CpeoHUll MUHEpaIbhbill cocmae caedytowuil (mac.%): eemamum 77,14 (6 mom wucne mapmum 62,59,
arcenesnas cmooka 12,21, oucnepcuwiii cemamum 2,34); macnemum 2,78; eudpokcuowt siceneza 2,31(s
mom yucne eemum 1,91, nenudoxpoxum 0,29, oucnepcuoiii cemum 0,11); munepanvt epynnol xeapya
15,99 (6 mom uucne xeapy 15,83, xanyeoon 0,12, onan 0,04); curuxamor 0,96 (6 mom wucie peruxmo-
8ble (2UNEP2eHHO USMEHEHHble KYMMUHSMOHUM, OUOMUM, XI0PUM, HCEeNe3UCMblll MATbK, 2panam, cena-
donum, maecnezuopudbexum, seupur u op.) 0,32 u Hosoobpazosanibie cunepeeHmvie (KAOIUHUM, MOHM-
Mopunnonum, betdennum, euopobuomum u op. — pacuemuvie oaunvle) 0,64); kapbonamor 0,32 (6 mom
yycie perukmosvle dceneucmole (cudepum, cuoeponnesum, nucmomesum u op.) 0,07 u nosoobpaso-
8aHHble 2unepeeHuble De3ncene3UCmvle UL HUSKONICeAe3UCmble (Kalbyum, apazouum, 0oromum, gep-
poodoromum, xaumum u op.) 0,32); cyrvgpuowt 0,11 (6 mom uucie peruxmoguvle (RUpum, NUPPOMUH, Xd-
avkonupum u 0p.) 0,02 u HosooOpazosanHvle eunepeenuvie (Mapkasum, menvHuxosum u op.) 0,09);
anamum 0,04; opyeue munepanvl (YUpKoH, mypmaiuH, cgen, 2inc, aposum, konuanum u op.) 0,35.

Ha ypoene eepxnux cuncomempuueckux 20pu3onmogs pyonvix mei. (00 2iyounbl e0enust 20pHax pa-
oom -100 m) Keapy mMapuwarumusuposar, Ymo 00ycio8IUEAen HUSKYIO MEXAHUYECKYIO YCIMOUYUBOCb,
coinyuecms pyo.

Cpeonee cooepoicanue xcenesa 8 cocmase pyo, no oannvim 25 onpeodenenuil, 53,85 mac. % (konebda-
Hust om 46,15 00 65,79 mac. %), 6 mom uucie xncenesa, 6xoosauezo 6 cocmas macnemuma 1,76 mac. %
(ronebanus om 0,05 0o 4,61 mac.%); cunuxamos u xapoonamos — 0,43 mac.% (om 0,21 oo 0,94
mac.%). OcHoBHOU XUMUYECKUT KOMROHEHM PYO — JiceNle30, 6X00aujee 8 coCmag 2emMamuma u 2uopox-
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cuoo08 dcenesa: e2o codepxcanue usmensemcs om 45,78 0o 65,32, 6 cpedonem cocmaensem 51,66
mac. %.

Ipeosapumenvhvle npoexmuvle paciemsvt U Onbin pabomvl 20pHOO0OBIBAIOWUX U 0002AMUMETbHBIX
npeonpusamuii Kpueopooicckozo bacetina ceudemenbCmeyiom 0 8blCOKOU IKOHOMUUECKOU dhexmusHo-
cmu ceneKmusHol 000bI4U 002AMBIX JHCENe3HbIX PYO VIMPAUEHHbIX 3aedcell Npu yCi08uUu 6HeOpeHUs.
ONMUMANBHOU MEXHON02UU NPOU3800CMBA U3 000LIMOL PYOHOU MACCHL BbICOKOKAYECMBEHHBIX NOJIE3-
HbIX KOHUYHBIX HPOOYKMOG — A2NIOMEPAYUOHHOU PYObL UNU JICENIe30PYOHO0 (2eMaAmumogo20) KOHYeHm-
pama.

KiroueBble ciioBa: ele3ucTo-KpeMHucTas Gopmaius, KpuBoposkckuii 6acceiiH, Ooratble »xees-
HBIC PYyJIbI, MUHEPAIBHBINA COCTAB Py, XAMHYECKHI COCTAB PY/I.

BESPOYASKO E.O., MELNYKOVA M.M., EVTEKHOV V.D., EVTEKHOV E.V., BE-
SPOYASKO T.V. Peculiarities of high grade hematite ores mineral composition of In-
guletske deposit lost reserves (Kryvyi Rih basin).

Summary. Lost reserves of so called “ingulets type” high grade iron ores were exposed at upper
hypsometric horizons when mining at Ingulets Iron Ore Mining and Dressing Works. Ores studies are
aimed at determining the possibility of producing high quality iron ore raw material from lost high
grade ores using mineralogical and chemical data. Quartz (15.99 mas.% average content) and hematite
(77.4 mas.%) represented by martite, specularite and dispersed hematite are major ore forming miner-
als of exposed in open-pit faces ores. Other minerals (iron hydroxides, relict magnetite, relict and new-
ly formed silicates and carbonates) content is negligeable, approximately 7 mas.% in total. Average
content of iron in ores is 53.85 mas. % (it ranges from 46.15 to 65.79 mas.%). To obtain amenable sin-
ter ore or high quality iron ore concentrate mineralogicaly and economically balanced technology for
ore mass beneficiation should be developed.

Key words: banded iron formation, Kryvyi Rih basin, high grade iron ores, mineralogical composi-
tion of ores, chemical composition of ores.
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