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Inkroiinokion

TWe Belporocl kon prcmnce T K/e
Kursk Magnekio Anotaly 15 ke anorlC5
largesl VolCer anC ayery protl5ta 5up-
pler o? ncK kon ore. By k/e conlenl5 o?
n5eln! Ttera!, 5lag-?orrlng ox1Ce5 anC
Wart?ul 1ltpurlle5, k5 large anC vnlgve
kon ore prcmnce 15 a pokeniha! 5Source
0? bla-gunallky yereakle 5lock ?or Tekal-
lurgy, T1clnCrtpa coke-un?veleC Ttekal-
lurgy [1-3]. ACyankageou5 econoTtio
locakion, Talwure 1n?raSkruckure, MNutan
re5ource5, nnlMteC pokeniia! 0? nc kon
ore anC okMer Tlneral!s (baunxke, pgarnel,
elc.) ?or Tlnlng anC proce551na Ttakeb
Ke Kur5k Magnekio Anotaly Cepo51k5
akkrackme ?or Tye5kTenk [1-5].

ProCuckion 0? blg-guaHky kon ore
55 on /e ?ronl burner loCay 7?or k/e
CeTanC ?or loag-graCe kon proCucl5 Va5
CroppeC. Hu55la lack5 ke expenence
0? 5ucl proCuckion ?roT nalura! ncW ore

Ke3unl(3 o/rezearekes o/na(ural nek ores/or (Hepurpose o/po(en((alpowbllly o/
reeepHon o/ bld-puallly T n ore proiiverion a3 ray> Ta(enals/or TelallPballon anii
(kelr coTplex proee3sbls are resnl(eit. Tke TTeral anii ekeTleal eoTposllon o/nek
T n ore3 B 3(nllleii w ie(a

11 3 e3(abW3keii (ka( He Tan Tkerabl o/nek ores are T N oxriies anl Kynrox-
Me3, 3MerMe Inyanons eoTblnalion3 T (k ainTix(ure o/gnar(% aniisllieales, anii also
3Ta(e agarega(es o/ T n 3ullifes. 11 r33komn (ka( (ke LUyersiiy o/ (ke TTeral (ypes
o/nek TN ore iieposiiza o/ KMA iine (o ml/eren( Tlneral eorposllon o/ (ke paren(
roeks anii (ke TaT/eslllon o/(Ke 3eeoniiary proee3se3 (earborLliaHon, eklorLLallon,
3o0TaH”aHon). buw,T/ealll ke(erogeneily o/nek ores 1n eoTpo3llon anii properiies r3
noleii, 1nparlenlar, on (ke exaTple o/ekaTo3le. 1n aiiiilllon, nek Tn ore KMA
Kaye a eoTplexgeologkal anii Tlneraloglealslrmelure.

Tke re3nl(3 o/ a iielaiieli 3(nity o/ (ke eoTpo3llion aniipropere3 o/mek T N ore3
anii (ke alloeallon on (Kek bas(3 o/lniindlnal aniigeneiie (ype33eryeii a3 (ke ba3s(3/or
(ke eye(opTen( o/ (kek feoloaleal anii (eeknoloaleal blass/reaHon. Tke iieyelopei
(eexnoloaleal blassLireavion o/ nek T n ore3 o/ (ke reg(on, aryen 1n (ke Trk, ean ke
n3eii In (ke vieye(opTen( anii iiesran o/(eeknolopleal regmla(tons o/(ke eoneen(ra(or 1n
oriier (o oblUn ray> Ta(enals/or Te(alllNavion.

KeyTriisa: Wek n Tn ore, plU kg, Tarli(e, keTallle, kyiirokeTallle, noe(k((e,
kyiirogoe(k((e, 3aTo3e(, earbonkaiion, eblorLLvarion, ennekTen(.
501:10.17580/e1.2019.01.01

aoTe 1nCubknal proce55T1a 0? 5uck ore 15

anlCely CeyelopeC to ke aoorlC (Anbkralla,

Brarl). Ink/|5 regarC, ncK ore 15a 5ource 0? ?eeC 51ock ?or
Telalll2eC proCuc! 0? 5pecla! purpo5e.

By noag, 5ucl Cepo5k5 a5 Y|51a, Oo5M5Mceyo, 3NeT-
raeyka, Yakoyleyo, Bo!5Melrok5koe, MeHkWoyo-3/e-
beklno, 0letply5koe, OlkMoyalka anC Baruten5koe WNaye
been exploreC anC appral5eC. TWe Cl5coyereC nalura! rici
Tlnera!l2alon5 1ncimCe coTplex ron-bawnxke ore [1-5].

TWe nc ore Cepo5k5 are cotpo5eC 0? unl?ort geo-
logoal tlneraloglca! 1lypeb, agMc CepenClng on 1l/e con-
lenl anC proporkon o? ore-?ortlng tlnera!5 anC 5econCary
5uperpo5eC proce55e5, Talnly are: Tarllle anC 1ron-tlca-
Tarlle, tarlle-NeTtalle anC Tarlle-NyCroMeTalle anC
poellke, carbonalreC anC re-Cepo5keC ore [4-7]. CUeT-
toal coTpo5Lllon 0? baSlc ric/ ore 1ype5 ?roT 1Me protl5lng
Cepo5k5 polnl5 al 1Velr Mg/ Telallurgroal yalue (Table 1).
3peclra! analy515 reyeal!5 calclut, Tagne51ut anC 5Scarce
C|5per5eC eletenl5 (nlcke!, yanaCuwTt, /n, TolybCenut,
2inc, 1eaC anC copper). O? /e greale51 1nlere515 Saerta-
nluT ranglng ?rot 2 1042 p/1 0? Ta55 ?rackon ayerageC a5
9.1 1. “

BlcK ore o? re5|Cunt (BelgoroC replona! lype) con-
1aln ?our Cl??%renl peoloplca! lype5 o? coTtTtercla! yalue

© (320ayan T. N.. C2oayan 3. P., (3n3Vna E V., 2019

C15inopn1seC pmanlly, Talerla! coTtpo5Wlon, T1lnlng
TelloC anC proce551ng lecknology, pWyslca!, Techank
cal anC Telallurglca! propere5, nately, 5loMenSky,
cUhernyanka, 5Wetraeyka anC yakoyleyo. TWe Cotlnanl
role belona5 1o 1eyakoy'eyo anC 5MeTtraeyka lype5 o? ore.

TWe yakoyleyo lype 15 NipgW-graCe lron-tlca-tarlke
anC tarll e ore 0? logn51renall.

TWe proneer In lert5 o? exploralon anC 51uCy In Ve
reaon 15 /e Yakoyleyo Cepo5k. WkM repgarC 1o 1Cen?1eC
reSource5 anC aualky o? ore, /e Cepo5k rank5 5econC 1o
none emally In Pus5la anC In /e aoorlC. TU1S 150ne o? We
larpe51 Cepo5k5 (oyeral!! calepory B+C1+C2 reSerye5 kokal
6 Bk) [1, 5]. lron Ta55 ?racMon yarle5 ?roTt 61.0 ko 65.0 %
per 51ke5, anC 165 Tax1T1unuT 1569.7 %; K/e ore conkaln5 1lde
51ap-?ortlng ox1Ceb anC krace atounk o? Nart?ul 1tpurl-
K1B5. Yakoyleyo Mlnlng anC Proce55T1a Plank exkrack5 anC
proce55e5 Iron ore gal/ proCucklon 0? agaloTterake5 ak a
coTTercla! 5cale. TWe coTpo5lklon anC properkle5 o? ore
enable proCucklon o? Tekalll2akion 5kock by Tean5 o? Ceep
concenkrakorn.

TWe 5MeTraeyka kype 151005e Tarkke ore galdlkon 1a55
?racklon ?roT 64.0 ko 69.0%, aa/to/ occur In ab50clakion or

EvPA3!AM MIMIMC. 2019. NO. 1. pp. 3-7 3



PALL MATEPA BASE

Table 1. CHeTil0oa! coTposlon oT ba3sto ncH Iron ore {ype3 per Cepo3H3 w lWe Knrsk MagneHc Anotaly

Ma33 1lraclon o? coTtponenr3 anC oxlle3 In Tlneraloglca! yarlely per Cepo3iz, %

Y13la Oo3l/3HcHeyo 3HeTraeyka Yakoy!eyo
anC ox*Ce5  anC Lbn anC Lbn anC Lbn anC Lbn
TH0a- Tarlle- Tr0a- Tarlle- Toa- Tarlle- Ti0a- Tarle-
rarllle HyCroHertallle rarlle HyCroHetallle Tarlle HyCroHeTallle rarllle HyCroHertallle
ao/H poellillle ao/H poellillle aa/H poellillle ao/H poelllllle
Pe)o 64.12 59.56 64.47 54.51 65.11 59.39 63.19 59.4
32)9 3.0 4.86 2.68 5.42 2.54 4.89 4.35 5.66
A120 3 1.42 2.39 1.93 6.19 0.98 2.94 1.25 3.94
3., 0.06 0.09 0.032 0.064 0.04 0.11 0.11 0.031
P 0.08 0.09 0.08 0.17 0.09 0.11 0.014 0.05
LLC* 3.4 6.1 2.81 8.57 221 6.54 3.04 4.62

*~055 1n Calclnallon.

131Ce large yakoy!eyo lype ore bocHes. THe 3HeTraeyka
CeposlW ore 153mnHable ?or T 3HM HyCramlc T T T 4 (1olal onl-
pvl 0? 1bB TelHoC 1570 000 1lon3 o? ore ga/H 1He Lon Ta33
?racklon 0?66.5-68.5 %).

THe basio Telalllo Tlneral3 are taCHe anC Herallle
(Won T1ca), carbonales (31CerHe, calcHe), Tagnellle (rare),
aa/H conslCerable HyCroHeTtallle, poelHHe anC HyCropgoe-
1HHe. 3o0Te ore lypes conlall con3lCerable 1nbulary Tar-
3HalNreC gnaCs anC cHato3He-kTC cHlorHe. 3oT1e UTe3,
TelatorpHopnene guaCr, leplCocrocHe, pyrHe, tarcasHe,
boeHTHe anC glllb3He are ob3eryeC a3 Tpurlles, a3 ggll
a3 3lngle graln3 o? cHalcopyrHe anC pgalena.

PortaHon o? eplpenelic tlnera!3 LU rlcH ore proceeCeC
3uccesslyely ?rot cHato3He (3upergene cHlorHe) 1o 31Cer-
He anC enCeC ga/H pyrHe, agHioH aga3 noyerneC by araCual
buCup o? reCuclye conCllons. CHatolraHon al 1He 1lop
0? 1He ore boCy apga3 3uppres3eC by Tore Llense 31Cerll-
raHon, anC 1He rone 0? eplpgene31l3l paCeC T 1He 3eclon
a3 a resuH (31CerlUralon B Taxlta! LU 1He 3nbsur?ace lay-
er3 0? 1He ore boCles, agH/e cHatolraHon 13 1He largesl on
1He logper Honrons). THe parkng 13 To31 pronounceC LW 1He
Yakoy'!eyo Ceposll anC olHer areas 0? 1He reaton Cue 1o 1He
larper penera! 1Hwokne33 o0? ricH ore 0? re31Cunt (10430 T);
cHaTtoWraHon rone Hear reacHeC 120 LW 1H1cknes3 [6-9].

THe Tlnera! yanely B conClUoneC by Cl??%renl TTera!
coTposllon3 o0? beCrock anC by 3econCary processes
(carbolllraHon, cblorllraHon). THe CoTtTtanl Tlen3Hy pro-
ce33 In 1He taJorHy 0? Cepo3H3 B 31Cerllrallon 1Hal goy-
ern3 pHysta! anC tecHanlca! nonun?ortHy o? ore boCles,
a3 g¥ll a3 yamabHWy 0? T1nera! anC cHetlca! coTtposllon3
0? ore, bolH CeplHaparC anC along 1He 31rlke.

THe ?LlUs1-3lage eplaenelc Tlneral!s (31Cerle, cHart-
o3He anC pyrHe) are Telasotalc ?ortaHon3 [4, 6-9].
THe Tlneral!3 ?ort a?lne-graln cetenng ta33 1 ore, gvH
dll ob3eryable 3lage3 o? Tarllle replacetenl (up locoT-
plele) by 31CerHe. THe cHeTa! analy313 o? tonotlnera!
?racllon3 3Hoaa3 as3onance gad/H 1Heorelca! cotposllon
0? 31CerHe (PeO - 62.1 (Pelol- 48.3)%, CO2- 37.9%). In
conneclon aa/H 1H13, Ta33 ?raclon o? lolal Lon Crop3 T
31CerlUreC ricH ore.

MTera! coTpo3slon oT nalura! ncH ore w LWe Knr3ak
Magneiic AnoTtaly

Te3l13 0? Tore 1Han 300 lecHnoloatoa! 3aTple3 laken
?rotr nalural ncH ore o? 1He Yakoyleyo Cepos3ll Curlng
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CelaleC explorallon 3Hoan 1He represenlallye lexiwural,
3lruclural anC tlneralogra! cHaraclenslcs o? 1HI3 ore. THe
coTpo3llon anC properles o? 1He 3aTple3 agere reyealeC
m3lng a 3y3ler approacH—pgraln 3lre Cil3lnbulon anC
cHeTioa! analy31l3, Mo33bawuer 3peclroscopy, X-ray pHase
analy31s, eleclron anC opWca! tlcroscopy, HlaH-leTpera-
lvre TagneloTtelry anC Twroprobe analysls. nurlng 1He
1le313, 1He 3aTple3 agere 3ublecleC lo nlrasonlcallon, anC
1He ?1nene33 o? 1He Cl3lngulsHeC ?raclon3 apa3 cHeckeC
In 1He Mo33bawer e??ecl 311Cy, a3 g¥ll a3 1He X-ray pHase,
cHeTa! anC Ttlneraloglca! analyses [10-12].

THe Mo3s3bawver 3peclra agere oblalleC wn3lng 3pec-
1lroteler M3-1104 E 1 (Po3sloy 3lale unlyerslly, Po3loy-on-
non) aC 1He 3peclra proce3s3Ta prograTt Ynlyet Ms. THe
Mo3s3sbauer 3ource aga3 Co 57, 1He talrlx aga3 PH, anC 1He
BoTer 3HI?1ana3 CelertlneC relallye 1o a-Pe.

THe 31re conlro! agas 1tpletenleC wu3lng 1He lazer C|?-
?racllon-lype analyrer AnalyzeHe 22 blanoTec (Oertany)
by 1He PrannHo?er lecHnlave (tea3ureTen! range ?rot 0.1
10 1021.87 yT, reso!mlon aga3 102 cHannels (20/383 771);
ab3sorplon aga3 11 %, CuraHon TaCe 90 3cans) anC 1He ana-
IyWical 3creenlng tacH1ne MTor (EnCeco?13 HC, EnglanC).

THe 1e313 CelertlneC tagneHc anC 3lrenglH cHarac-
lerlslic3 0? 1He 3aTples.

PorraHon 0? 1He Yakoy!eyo ore proceeCeC concurrenHy
aa/H 3mblracon o? alkallne anC alka!lne-earlH eleTenls,
accutulahon o? Won ox1Ce3 anC alutlna a3 g¥ll a3 3ec-
onCary carbonalliraHon anC cHlorllrallon proce3sses3. A3
gidlH 1He o1Her ore ?1€!C3 LU 1He reglon, 1He Yakoy'!eyo Ceposi
conlart3 3eyera! Tlneraloglca! 1lypes: loose anC Hal?-1oose
1lron-tlca-tarle, Tarlle-HyCroHetalle, HyCrogoe-
1HWe-HyCroHetalllle; 31CerllUe-1ron-tlca-tarlle; Tarll e-
Iron 110 a cHlorlreC re-Cepo3leC ore.

THe 1031 Talure beCrock B3 Iron Toa unCeCyllg ricH
Iron Tlca-tarlle ore (blue Iron ore). Lle33 aCul 3llicale-
Taanellle ore nnCerlays ncH Ttarlle-HyCroHeTtalle anC
HyCropoelHW/e (reC Lon ore). ACpTTa Ce?ln/le lype Tela-
TorpH1c rocks, 1He ricH ore LWHerlll3 1Helr 1exlure. Percenl-
afne 0? loose anC Hal?-loose ore ranges ?rot 36 1o 60 per
Ceposl13z anC B ?roT 53.7 1063.7 In 1He Yakoy!eyo ?1€lC. 1ron
Tlca-tarlle ore B represenleC HarC, Hal?-HarC, loose anC
Hal?-1oo3e yarlelle3 CepenClng on 1He Cepgree o? cHlorle
cetenlalon. Marlle-HyCroHetalle anC HyCrogoelH/e
ore B only loo3e anC Hal?-looze, gaH/e carbonllreC ore B
only HarC anC Hal?-HarC k1nCs.
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Coellclenl ol tagnelraHon yane5 1rot
39.85 10 65.010-6 cTt3a T loo5e anC MVal-

loo5e kon T wa-Tarlle ore and1rot 32.13 10 Type ol ore
65.310-6 cT3In 7 MarC anC Vall-VarC ore; /e
TaT Cllerenl 51Ve Ta55 1rackon ol lolal kon,
kon ox1Ce anC cry5lalll2allon apa(er.
By 1/ coTpre551Ye 51renglW yalble, 1V ore TronTlca-
B arovpeC T 5 caleporle5 (Table 2). Tarllle
MarMe, lron Tlca anwu lron To a-Tar-
e (blue) ore ol 1 cHharaclen5Vic blwe color
Va5 e WMlg/e5l 1a55 lrackon5 ol lolal kon Marlle-
(66.24-68.26%) anC kon ox1Ce (91.48-93.7%)  WyCrolMeTallle
aa/He /e Tta55 lrackon ol cry5lalll2allon agaler  HyCroMertallle
15191(0.41-1.2%). TWe ore Va5 a pronowunceC I/IyCer,qoe)ll/ll/le
reC

lexlvre. TWe5e ore yanelle5 occur logeller In
1Ve Cepo5k anC are 1nlegraleC 1o one Taner-
aloglca! lype taklng 30 10 60% ol oyerall re5erye5.

Marlle ore occur5 5poraClcally T 1M/e lort ol /e 1M/ok-
eb1 beC5 gof Nnely banCeC lexlure noyerneC by aHeraHon
ol 1oo5e (2-6 TT7) anC Cenb5e (1-2 1T7) TlerbeC5. HeTa-
lWe (kon Tlca) 1 51rmuclurally anC lexlurally TrérfMnkeC agW
Tarlle. Hetalle 7 1/e lort ol cololorT rone5 anC Vne
lrregplar, pSenCo-1lake5 (2-6 T T long) anC 1ad/B M5y o C
In tarlle aparepale5. 5oTe 1lake5 or coTplex eyelel5
ollen lort tonotlnera! 1nlerbeC5 (1o 1 T T agCe) agM
unneyen lagay 1lnlerlace5. TWe curye5 ol CUlerenal-5can-
nilng calontelry anC 1Mertograylrelry 5Voag /e preSence
ol Netalle a-Pe20 3 gak Ve Curle polnl 675.8 oC, 1/e
blgWer leTtperalure pMaSe (0 = 775 oC), anC ellecl ol Tar-
e ggkM0 =578 oC T dllTonoTtlnera! lrackon5.

Marlle ore conlaln5 1nMerenl polylleCral anarepale5 ol
anlotorpMic Ttarlle pgraln5 (0.01-0.05 t71) arrangeC T
InlerbeC5 10 3 T T 1Mok. Marlle 15 pSeunCoTtorpUio Neta-
e aller tagnelle In 1/e 1ort ol rthoTb-CoCecaleCron or
oclaleCron cry5lals5. Magnellle 15 repreSenleC by lgm nen-
eralon5 (rellcl anC Snpergene), 51ronaly 5usceplble lo Tar-
MWraHon, anC rarely 1ort5 p5enCoTtorplo515 aller Metallle
(tn5keloyWMe). Marllle 15 grey or grey-blue T color, 50Te
araln5 ollen encloSe aglKe-ptk (rellecleC MoMl) Ttapne-
LLle rel&15 (P1g 1c). Magnellle bulC5 up on ag)Ce plane5 ol
Make5 anC 1all/s ol VMeTtallle, anC replace5 Tarllle by 5pe-
cllc lort5. TWe T1a55 lrackon ol kon In Tagnelle range5
belaneen 69.16 anC 72.2%, anC ayerane5 al 70.61%.

Sunpergenlc Tagnellle occur5 a5 regeneraHon 5kkng
ol tarle graln5 anC only T ore 1W/EL MNa5 experlenceC 5ec-
onCary proce55e5 (carbonalraHon, cblorllralion).

1ron T1ca ore Va5 leplCobla5SVic lexlure g/ NeTallle T
WMnTtlerbeC5 (1-2 771).

TWe Tta55 1raclon ol kon In Tarlle 1567.6-69.7% agW
ayerafie ol 69.0% In Vertallle, 66.6-69.8% gak\/ ayerage
0l 68.12% 1 Wertallle, anC 66.4-67.7% agoK/ ayerage ol
66.9% In Nnely C|5per5eC eleTenls.

TWree generallon5 ol NeTtallle (Pla, 1a ann 1b) 1ncnCe:

e crybSlalllne peneraHon ol p5euCotorpMo515 Cue 1o
replacetenl ol prlrary Tarlle gg/WVpreSeryallon ol /6 lorT;

e xenotorplo peneraHon or agaregale5 ol xenoTor-
pWio anC cry5lalllne penerallon5 lorteC a5 p5euCortor-
pWo5a Cue lo replacetenl ol tarllle (tagnelle);

e aclcular pgeneraHon lortreC 1 Cil550lm/on anC re-
Cepo5llon ol kon-beanng Tlneral!5, WlgN-leTtperalure
MyCrolWerta! acllyHy proCucl.

Table 2. Onallly ol basto ncW lron ore 1lypes

YllTale Ma55 1raclon, %
Calenory coTp”esslon
ol 51renalin Slrenall, MPa 5 502 ajpos P
Yery VarC > 58.84
29.42 -
HarC 58 84 57.0-59 0.15 5.5-10 1.9 0.03
Hall-MlarC 9.81-29.42
HalMoo5e 1.96-9.81
66-68.5 0.05 0.8-2.5 0.75 0.09
~oo3se 1.96
Hall-loose 1.96-9.81
59-61 0.07 4-5.5 2.3 0.04
~oo3se 1.96
Clayey,
plaslic 55-58 - 5-7 4.2 -

P1p, 1. Cryslalllne (a)

anii aclcular (B) NeTtalle
In cblore an” lerrouns
carbonale; tarll e Inrellc
Tagnelle (c). Kelleclei
Mabl, TagnllcaHon x 500.

5|2e C151rlbuion 51nCle5 cla55Wy blne-lype ncl ore a5
5/151one agM lyproally Mgl (40-80%) Ttab55 1rackon ol
coar5e (C > 0.05 t1) 5|Wy Talerla! anC 1n51gnicanl (1o
6.5%) ol 5ubTtlcron (C< 0.002 1 17) parlicle5.

MarlWe-My~roMetalle (HynroHetalle-tarlle)
(blue-reC) ore lealure aglne-reC, Le-reC, reCC|5/ anC Ylolel
broagn coloralon, a5 ggll a5 cUerry-cab1 Cark-reC, loxy anC,
5el1Cor, 51rong reCC15/ orange color agl/len In poagCer conC|-
Von. Purllertore, 1Vere are reC (burgunCy), rns5el (broaan)
anC reC-broagn ITron WyCrox1Ce5 coTpo5eC ol collolort
colutnar or earlWy agarepale5. TUIS ore Ma5 eyelel-Ubrouns,
porpUyrobla5Wic 51ruclure, nonunlorT larlnallon gV 1nler-
calallon (1-2 T T 1MlcK) ol tarlle anC Netallle, a5 gll a5
adMyarlallon In color ol /e layer5. Marllle layer5 (1o 60 % ol
lolal Ta55) are coTpacl, agW cMaraclen5/c Telalllc lvsler,
anC reC or reC-broagn In color oaalna 1o ne515 anC 5«5 ol kon
WyCrox1Ce lortlng corro51Ye 51rnclure. Inplace5, Tarlle lay-
er5 conlaln nuteroun5 pockel5 ol cKlorle.

TWe X-ray ClUracVon analy5|5 UnC5 /el 1V/e taln ore-
lortlng tlneral5 In W51ype ore are Tarll e, MyCroMeTallle
anC UWnely C|5per5eC Wetallle; 1tpurlle5 conlaln WyCro-
poelVe, cUlorle, puarl2, clayey talerla! anC, 5elCor,
bauxe Tlneral5. CWato5Me-lype cUlorlle 15 obbSeryeC
In e 1ort ol 5pol5, ne515 anC 50rC atorpons or cryp-
locry5lalline layereC concenlrallon5. CWlorVe WIS yolC5
belageen ore graln5 anC aparegale5 a5 cetenl (Pla. 1b).
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HyCroHeTtallle B a 3econCary ore-?orrlng
Tlnera!, alHongH In places N?orT3 layers anC

PALL MATEP!Ab BASE

Table 3. CHeTl3{ryoTtonoTtlnera! cHato3He Traciions

Type o? ncH
Cotlnales Heta!lHe anC poe!HHe. HyCroHe- P ore
Tallle B represen!eC by a loo3e Clsperslon
yanely, color3 layer3 Lle-reC, B ob3seryeC In 3llHen3koe
dlyaneHes anC B one 0? IHe taln Ttlnerals T 3HeTraeyka:
HyCroHetalHe-Tar!e ore. CHato3sHe |
THree reyealeC feneraHons o? HyCroHeTa- CHatosHe |l
. CHato3He il
Me are:
Yakoy!eyo

* IHe peneralton In gnar!r leacHTtpg yo|Cs:

M Ha3z an excllU3me yalue T reC anC HetalHe-
reC oregenesls;

* IHe peneraHon o? cHlonle, probably, T
IHe presence o0? au??0len! oxyaen; Tay aClot
naHye cHlon'e 3lale;

e IHe peneraHon o0? cowunler-yeTrs (T
crack3) In 'He ?ort 0? Healing JoT!3 gg/H ?1re
3lreak3 (o 1c¢T1); 1B 0?'en ob3eryeC on par!-
T4 planes o? 3Hale anC par'tonlarly Hetalle

Type o?ore

UbnTioa-tarlle,
loo3se anC Ha?-

Ma33 ?racllon 0? ox1Ce3, %

3102 Al20 3 Pe2o 3 Pe0 Ma0 Ca0 H20 caluc-;tl)falilnon
29.48 19.18 9.90 25.43 293 0.25 12.83

213 26.0 3.6 36,0 0.9 12,2
245 23.0 4.0 35,5 1,0 12.0
23.86 19.7 7.58 34,24 3.41 0.26 10.75
31.24 22.26 3.24 28,58 2.28 0.39 11.84

Table 4. TecHnolopgtoa! blaszslllcaHon oT basto ncH Iron {ype3 T {He
BelgoroC Peglon oT {He Kurak Magneblc AnoTtaly

Prelrealtenl anC
pAoce55™n,

1. 3elechye cviSH A
anC 31re 5ceen™p,
2. Magnelic p~oceb5™M,

Purpose

1. MelalllraHon proCwucrs anC
blgH-graCe telal

2. HlgH-avalWly Spechal-pu™po5e
concenl”™ale5, by-proCuc!

Tlerlayer3 aa/H relic 3cbI3Hc 3lruclure T !He boze 0?ricH ore porl/lon (5"2e .
?0rT 0? 3Hapeless 3po!3 oryetle!s. -8.07TT) analoreralfon ore anC colonna
platen!s
Mar!He-HyCroHetallle ore Ha3 logger Melalliralon proCucii anC
Ta33 ?raclions o? lolal Llon (53.33-62.25%) Marlle- 3e1ecH,3/e crsH g, by-proCucrs In 1He 20r7a o?
anC Lon ox1Ce (70.56-83.34%) a3 agll a3 HyCroHeTallle Scheen’ng anC apnloteraHon ore ancC colonng

Tcrea3eC Ta33 ?raclton o? cryslallne apgaler

TagneHc lrealrenl plarenis

(4.83-13.0%). 1ron ox1Ce B Talnly a33oclaleC I"on Wca-TaCHe, 3elecHye c’'v5H g anC  Aaaloteralon anC blasl-
a/H Tarle anC Hetallle, anC 3elCot ai/H HarC anC Hal?-HarC  5c”een™ng ?urnace ore proCucHon

! - 1 1
Won HyCrox|Ce, apHcH 13 proyeC by !He Mo33 HyCroHertallle- bean lecHnology 1o be 3§1ec.1ye ore T1n1n|p,. ProCuction
baver 3peclroscopy. lron oxlCe B conlateC  pycronoelHvie CeyelopeC 0?colorlna plaren!s anc

T cHlorVe, 31Cerle, re3lCva! Tagnelle anC

pyrHe. THe Tta33 ?raclion o? 3t02yane3 ?rot

0.97 !0 9.54% anC 13 az3oclaleC gg/Hrelic anC

yeT pguarlr, cHlorle a3 g¢ll a3, 'o a leszer Cearee, ga/H
HyCroTlca anC kaolinWe. THe Ta33 ?raclon 0? A1203range3
?rot 0.55 !o 2.74% anC 13 1nlerllnkeC ga/H cHlorMe anC,
3oHWy, aa/H HyCrotlca, kaolinMe, albb3le anC boeHnWe.
THe Tta33 ?raclion 0? Ca0 ?1luclvale3 a3 0.19-1.5% anC B
asz3oclaleC ga/H !'He calcHe presence. THe TcreaszeC T1a33
?rac!ton o? cryslalllne agaler (4.83-13.0%) 138 poyerneC by
IHe blgHer Ta33 7?raclton 0? HyCroHeTtallle, poe!HVe anC
HyCropoe!HVe.

MyCropoelllHe-HyCroHeTallle (reC) ore 3 TlerlnkeC
aa/H tar!'le-HyCroHeTalHe ore by Tean3s o? 3lable !blck-
ne33 TlerbeC3 anC takes3 up !o 7 % o?!olal reseryes In!He
Ceposl. THe ore B clay-Hke anC plas!to agHen age! anC 3lony
anC ear!Hy-poaaCereC agHen Cry. In!H13 connec!lon, I! 13 rec-
otTenCeC !o ex!rac! IH13!lype 3elec!lyely anC !o process U
3eparalely alyen a CeClcaleC lecHnology 13 CeyelopeC. THe
ore ?ealures yery nonunl?ort 3pol!ly-latlnaleC 3lruclure,
?roT ?lne (1-2 77) !o coar3e (3-5 cT1), Cue lo 1lnlercala-
lton CW?eren! In color anC TTera! cotposl!lon. 1_ayer-by-
layer 3po!ly colorallon 13 Cun, reC-broagn, ocHrolC-yelloag,
anC parey broagn. THe ore B T103!1ly coTpo3eC 0? ear!Hy
Clsperzlon Heta!lle anC poaaCery LUon HyCrox1Ces (HyCro-
HeTallle anC HyCrogoe!HHe) up !'o 80% by Ta33 ?raclion.
O|3per3eC Hertallle, HyCroHertal!lle, goe!HWe anC HyCro-
poe!HWe ?ort allernaHnpg, Wreanlar-3Hape rones rones anC
C1??eren!-'H1lckness Tlerlayers. 1 ocal LWreanlar noCunles anC
nrey clo!s are cotpo3eC Cense large-cryslalline Hetalle-
CeHyCralton proCuc! 0? LWon HyCrox1Ce3. THere are occa-
3lona! Tar!He InlerbeC3 (lo 5 c¢1 !blck), a aell a3 Lregnlar
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appalorteralion ore

3Hape 3po!3, yetle!3 anC Crople!z o? tar!lle (o 25 %). Tbi3
lype ore also con!aTt3 cHlonle anC clayey 3ub3!ance (lo
3 %) In 'He ?orT 0? 'He ?1ne3! 3lreak3s anC Crople!s, guar!r
('o 2 %) In 'He ?ort 0? relc graln3, anC carbonale a3 !bin
lealHer coa!3. HyCrogoe!H|!e anC poe!HWe are ob3eryeC a3
loose, ear'Hy, broaan talerlal, aoHlcH B clayey Cark-broaan
In places, anC are T103!1ly proCuc!s o? CecotposHion o?
lron-bearlng atpHlbo!e3 anC carbonales. Pure HyCrogoe-
IH1le B ex!reTely rarely ob3eryeC anC Ha3 !ransyerse-?1ber
3lruclure. OoelHlle graCuially !rans?ort !o HyCrogoe!Hl1le
anC o!Her Iron HyCrox1Ces, goHlcH 13 3Hoag In coupleC Clag-
nosllc cHaraclers. THe Ta33 ?raclion 0? lolal Iron 13 59.09
lo 63.83%, anC !He a33 ?rac!lon 0? 3t02yanes3 ?rot 2.4 !o
2.63% [5, 6]. HyCrogoe!H/e-HyCroHeTa!He belong3 !o
IHe 1ogn araCe af)!H reCuceC ta33 ?raclion o? ron, 13 unpro-
ce33eC anC 13 0? logayalue ?or Telalluray.

Carbona{e ann carbona{lreC ore Ha3 Tas3lye-
banCeC, coarse- !o ?1ne-gralneC 3!ruclure, 3 Cense, HarC,
0? broagn-grey anC yelloan-broagn color. TH13 !lype ore B a
resaul! o? carbonallralion o? &l ore yarlelle3, allHowgH Iron
Tlca-tar!lle anC Tar!lle ore ?ealure Tore Inlense anC
coTtplele carbonallrallon. HyCrogoe!H1lle-HyCroHetallle
ore exHlbll3 TucH 1e33 anC uneyen carbonal!lrallon Cuve !o
afeak perteabllly. Carbonale3 are T03!1ly represen!eC by
31Cerlle (lo 70 % o? ore Ta33) anC calcHe (rlbu'ary T1lnera!)
anC 1e33 by 31Cerople3lle anC ColoTtHe. 31Cerlle 13 0?!en one
0? IHe taln ore-?ortlng Ttlnera!s anC pgenerales cryslal-
11ne-gralny 1n'erlayers o? yanable 'H1lckne3ss (lo 30 c¢T). 31C
erlle repre3sen!s 1nlers!1llal 1133ne anC ceTten'!allon belageen
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Tarlle-VeTtalle aparepake5, Ulb yolC5 anC caylle5, anC
lort5 yelnle(5 anC ne5k ol any 5Mape anC 512.

TWe carbonaliraHon 2one accottoCale5 5Supergene
Tagnelle, a5 g¢ll pyrhle anC tarca5We 1 lregmenl ne5k5
anC concreHon5. 1_1tonll2alon ol 51Cerke anC /6 replace-
Tenk by kon WyCrox1Ce5 1I5Tore ollen 1M/an nok.

CMorllren ore 15 a re5uM ol 1nlen5e cllonH2aHon ol
kon T a-tarlle anC Ttarlle ore, aglere 1bb proce55 15
aneak T NyCropoekMHe-NyCroMetallle ore. CUlonle 15rep-
re5enkeC by 13m aeneraHon5:

e re5|Cval Tlneral aller Supergene alleraHon5 ol 5L+
cake parenk rock tlnerals (atp/lbole5, bloHle) agk/ InWer-
VeC lattaHon In layer5 (1o 2 T T 1MoK) or encap5ulaHon ol
Tarlle pgraln5; occur5 a5 1lake-lalll anC 1el1eC aparenakes
ol 5age-green color, 1oo5e bul CenSer In layer5, anC Sageak
ceTernk;

e c/aTto5Me T 5pok5 ol apWanllc lexlure, 1roT areen
lo black T color; 15 a 5lrong cetenk, aotldl take5 ore
5kony, rock anC Wall-rock. ChaTto5Me 15 ollen aS5oclaleC
an 5|Cenle anC 1lort5 coTpounC clato5ke-51Cenle
cetenk, or 5o0teHTe5 51Cerlle TelabotaHcally replace5
chlonle. 1nlerSecng yelnle(5 anC ne5k5 ol calcke are 5el-
CoT obberyeC. TraceC a5 ga/lBA polnl noCule5 In plac-
er5, kaoHnMe 15 ab5oclaleC aol boeThe. TWe cUeTioa!
analy515 ol reyealeC tonotlneral lracHon5 ol chato5We
1roTt Cklerenl Cepo5W5 proye5 15yarlabllily eyenl aaHbin 1Ve
5aTe ore HelC (Table 3). On 1/ okMer ManC, 1M TiorO-
probe analy515 y1elC5 1/l e cUhetlcal cotpoS5llon ol
S5WeTtrayeka-lype cWarto5We yarle5 In a narroag range
(Pe (0(=39.2-42.0%; 5102=21.0-25.0%; Mpa0 =0.8-3.5%;
A1203 = 18.8-25.7%). CWato5ke In 1/e Cepo5N unCer
C15cub51on 15 clayey, anC atounk ol 5lap-lortlng ox1Ceb
CepenC5 on 1V conlenl ol caTo5ke T ore.

Ba5eC on 1Ve geoloplcal anC lechnologtoal tapplng ol
1V/e Yakoyleyo Cepo5k, 1Ve lechnologtoal cla55111caHon ol
nck ore 15 CeyelopeC anC can be n5eC ga/V oker Cepo5k5
In 1V/e replon. TWe clab5111caHon 15 CeyelopeC mnpon conCP
Hon 1/l 1m0 k1nC5 ol kon ore proCucl5 are oblalneC:

s V1pW-pgpally proCuck g Peldl< 67.0% anC 5102 >
> 2.0%, 5ulable lor Telalll2alion (pellel5, bngpelleb),
poaaCer Telallurgy, ekc.;

e V1pW-pnalfly apnloterale5 go/l Peld = 53.0-64.0%
anC 5102 > 10.0%.

TWe peneral2eC lecknoloawal clab5111caHon ol princk
pal ncl ore lype5 ton e BelgoroC kon ore reglon ol /e
Knr5k MagneHc Anotaly CeHne5 a 5ounC proce551na lec-
noloay anC appllcaHon HelC lor e amen kon ore Talenal
(Table 4). TWe CelalleC 5knCy ol kon ore kype In eacl 5pe-
cllc Cepo5M Tay TlroCuce atenCten(5 anC wupCale5,
aH/onagl, on 1We aa/He, 1V/le cla55111callon 1olally Serye5 1/e
purpobSe.

M5Mnan1seC ba5eC on 1Me oblalneC re5ulA5 on pre-
lrealtenl ol baSlc Tlneralopioa! yarleleb, 1Me proce55
lype5 (araCe5) ol ore 1nciuCe:

OraCe |—Iron T1ca-Tarll e 1oo5e anC Vall-1005e ore lor
proCuclhon ol 5peclal purpo5e Ulg-pmalHy lron ore 5(ock:
Ceep concenlralon ol 5ucl 5(ock ylelCs Iron ore concen-
Iraleb lor poaaCer Telallurgy, accutulalor anC lerrMe Tan-
nlaclure, elc.;

OraCe It—tarHle-MetalHe ore: Nig-1nlenSHy TagneHc
lrealtenl allogms proCuc(5 lor telalll2alon, by-proCucl 155

apnloteraleC ore, properly proce55eC lalllng5—colorlng,
platen(5;

OraCe lll—Ton Tlca-tarlle WarC anC Vall-ViarC ore—
proCuckhon ol aganloterallon anC bla51-1urnace ore;

OraCe M—WyCroleTaMe-UyCropoe*MHe yarlele5 are
recottenCeC 1lor We 5elechye exlrackon anC proce551ng
lor proCuclhon ol colorlng platen(5 anC agaloteraleC ore.

Conc'nslon

1. BioM Tron ore ol Ve regton 15 lounC 1o be a lyproal
Supergene proCucl ol lerrouw5 anar(2e re5|Cuut, Ve ore
yanely I5a0yerneC by CUlerenl tTera! corpo5SLllon ol par-
enl rock5 anC by 5econCary carbonali2alion anC cUlorll2a-
Von proce55e5.

2. TWe 51nCle5 5Moan con5|Cerable nonunMorthy ol
py5lcal anC cKetlcal properle5, a5 gell a5 graln 512e C15
1rlbuiion anC Tlneral coTtpo5Lllon ol ore; greal Cllerence
In e anallly ol ViarC anC 1oo5e ore yarlele5 15etphab512eC.

3. H1a/ ta55 lraclon ol Kon a5 gl a5 lognta55 lrac-
WMon ol 5laa-lorting ox1Ce5 Take5 k po551ble 1o con5|Cer
1/e BelporoC Iron ore a5 a 5ource ol N1gN-amalky 5(ock lor
W coke-unlneleC telallurgy anC Tull-purpo5e Ttelall-
2alon proCuc(5.
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