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NEW MINERAL FORMATIONS
IN UNDERGROUND WORKINGS OF KRYVYI RIH BASIN

Data on genesis conditions, composition and morphology of aggregates of new mineral
formations at Kryvyi Rih basin underground mining workings is given.

Kryvyi Rih banded iron formation has been
subjected to hypergene changes throughout a long
period of the Ukrainian Shield continent existence
(more than 2 billion years) excluding short breaks.
Genetically allied and, at the same time, contra-
versive mineralogical processes have been occur-
ring in the crust of weathering of Saksagan suite
of the Kryvyi Rih series ferruginous quartzites
and enclosing schists. There are several trends in
hypergene mineralogical changes of theese rocks.

The major trend consists in replacing minerals
non-persistent to weathering factors influence and
formed under hypogene conditions such as dyna-
mothermal metamorphism (magnetite, biotite,
cummingtonite, chlorite, siderite, iron talc, and
others); sodium and potassium metasomatosis
(aegirine, riebeckite, albite, tetraferribiotite, and
others); hydrothermal formations (pyrite, chalco-
pyrite, pyrrhotine, celadonite, stilpnomelane, cal-
cite, dolomite and others) by minerals represent-
ing hypergene products.

After results of numerous studies of systematic
mineralogy of weathering products of ferruginous
rocks of Kryvyi Rih basin [1-7] several lines of
hypergene metamorphosis of primary minerals
can be distinguished. According to them changes
in primary minerals occur simultaneously, weath-
ering products are identical or similar:

1) magnetite is replaced by hematite (martite),
and, in conditions of intensive weathering mani-
festation, partially by goethite;

2) weathering of iron-containing carbonates
(siderite, sideroplesite, pistomessite, ankerite,
ferrodolomite, and others) is accompanied by
their replacement with dispersed hematite or dis-
persed goethite, goethite, lepidocrocite depending
on intensity of weathering;

3) hypergene decomposition of ferriferous and
ferromagnesian aluminum-free silicate (cumming-
tonite, aegirine, riebeckite, magnesioriebeckite,
seladonite, iron talc (minnesotaite) and others is
accompanied by replacing it with dispersed hema-
tite or, under condition of more intensive weather-
ing, by dispersed goethite, goethite; quartz, more
seldom chalcedony and opal are formed due to
silicate constituent of primary minerals;

4) alumina-ferruginous silicates (biotite, chlo-
rite, stilpnomelane, garnet (almandine) and oth-
ers) are replaced by aggregate of dispersed hema-
tite or dispersed goethite, goethite with quartz
(chalcedony, opal); presence of alumina constitu-
ent in primary silicates causes clay minerals for-
mation, usually kaolinite, sometimes alumstone;

5) hypergene changes in iron sulfides (pyrite,
pyrrhotine, marcasite and others) are accompanied
by formation of dispersed hematite or dispersed
goethite, goethite, sometimes accompanied by
iron sulfates (jarosite, copiapite, melanterite).

Primary quartz (metamorphogenic, metaso-
matic, hydrothermal) and micaceous hematite are
quite resistant to the influence of hypergene fac-
tors.
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Thus, significant decrease in mineral variety is
manifestation of major trend of hypergene chang-
es in banded iron formation rocks.

Secondary, accessory trend consists in for-
mation of hypergene minerals within rock voids
resulting from redeposition of migrating hyper-
gene solutions of chemical components referring
to primary minerals. Dripstone, shelly, radially
fibrous, dendritic, earthy and other aggregates of
such minerals are being constantly fixed in under-

a

ground workings of closed and productive mines
producing high grade iron ores at Kryvyi Rih ba-
sin (fig.1-6).

Aggregates of goethite are the most abundant
and of various sizes and shapes. They occur at
near-surface underground mine workings at the
depth of up to 70 m [4]. They are mostly repre-
sented by shelly, dripstone aggregates, fill in vari-
ous shapes voids in enclosing rocks (fig.1).

Fig. 1. Shelly (a) and dripstone (b) aggregates of goethite in underground workings of “Gigant-

Glyboka” Mine.

Fig. 2. Dripstone aggregates of chalcedony in underground workings of “Saksagan” Mine.
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Active migration of silica in hypergene solu-
tions has been occurring at the level of upper hyp-
sometric horizons of iron ore deposits. It results in
formation of various veins of hypergene quartz,
chalcedony, and opal. Unique dripstone aggre-
gates of chalcedony sometimes covered with very
small (up to 1 mm) rhombohedral quartz crystals
(fig. 2) were found in underground mine workings
of “Saksagan” Mine.

Newly formed aggregates of calcite and rarer
aragonite are notable for big size and shape varie-
ty. Their veinlets and holes, cracks, other cavities
filling in enclosing hematite quartzites and schists
by spherulitic (fig. 3), radially fibrous, granular,
earthy aggregates are the most abundant. For-
mations of calcite stalactites and stalagmites hav-
ing length of up to 100 cm (fig. 4) are quite com-
mon.

Fig. 3. Spherulitic aggregates of calcite from a
void in martitized cummingtonite-magnetite
quartzites from an underground working of
G.K.Ordzhonikidze Mine.

Dripping from worked out underground work-
ings roofs causes gradual covering of the floor by
calcite crusts (fig. 5), resulting in formation of so-
called “mine pearls” having size from 1 to 20 mm
(fig. 6) in puddles. ‘“Mine pearls” structure is zon-
al, there is a small size (from 1 to 10 mm) particle
of hematite quartzite in the center of each pearl.

Apart from above-mentioned there are various
shape recent hypergene formations of pyrite, mar-
casite, melnikovite, sepiolite, palygorskite, cela-
donite, kaolinite, montmorillonite, chlorite, sider-
ite, dolomite, celestine, barite, gypsum, jarosite,

copiapite, alumstone, huntite and other minerals —
in all more than 40 minerals and mineral varieties
in underground mining working.

Fig. 4. Intergrowth of several calcite stalac-
tites from the roof of a worked out underground
working of “Zorya-Octiabrska” Mine.

Fig. 5. Calcite spaddle from a puddle at
worked out underground working floor of
V.1.Lenin Mine.
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€EBTEXOBA A.B., WWYINIKA 10.M., €EBTEXOB B.[l., CMIPHOB 0.4., FTEOPIIE€BA O.IN.
MiHepanbHi HOBOYTBOPEHHA NiA3€MHUX FipHUYNX BUpOO6OoK KpnBopiabkoro 6acemnHy.

Pesrome. 3anizucmo-kpemnucma popmayis Kpusopizbkozo baceiiny npomsaeom mpueano2o (3 He-
SHAUHUMU nepepeamu noHao 2 mMiapo. p.) nepiody KOHMUHEHMAIbHO20 ICHY8AHHA YKpaincbKko2o wuma
3A3HABANA 2INEPeeHHUX 3MiH. B Kopi eugimproganus 3anizucmux Keapyumis i 6MICHUX CaHYie 8i00ysa-
JIUCH | NPOOOBIHCYIOMBCSL 2EHEMUYHO CHOPIOHEHT | 8 MOl Jice 4aAC KOHMPAGEPCIUHI MIHEPANIO2IuHi npoye-
cu. Icnye Oexinvka mpeHnoie cinepeeHHUX MIHEPALOSTYHUX 3MIH 3ATI3UCUX NOPIO.

Tonosnuii mpeno nonseac 8 3amiwjenni cinepeeHHUMU MIHEepaIaMu — MiHepaie, HeCMIUKUX 00 8NJiu-
8y haxmopis eueimproganHs, AKi hOPMYy8aIUCH ) SINO2EHHUX YMOBAX: MACHEMUMY, KYMIHSMOHImMY, 0i-
omumy, arbMAHOUHY, e2iputy, pubeKimy, XA10pumy, 3a1i3ucmozo maivky, Cela0oHimy, CMuIbNHOMeNa-
HY, cudepumy, 00J0MImY, Karbyumy, nipumy, RipomuHy ma i.

3a pesynvmamamu MiHepano2iuHUX O0CAIONHCEHb, MONCHA GUOLIUMU OEeKINbKA MIHIl 2inepeeHHUX Ne-
PEMBOPEHL NEPBUHHUX MiHepanis: 1) maznemum 3amMiyyemvbCs 2emMamumom (Mapmumom), a 3a yMoeu
IHMEHCUBHO20 NPOABY BUBIMPIOBANHS — HACMKOBO 2eMUMoM; 2) UGIIMPIOSANHS 3Ai30-8MICHUX KAPOO-
Hamig (cudepumy, cudeponiesumy, nicmomesumy, awkepumy, gepooonromimy ma in.) cynpogooxtcy-
€MbCS, 8 3ANEHCHOCMI 80 THMEHCUBHOCTT BUBIMPIOBANHHS, 3AMIUEHHAM IX OUCNEPCHUM 2eMamumom
abo OUCNEPCHUM 2eMUMOM, 2eMUMOM, AeNIOOKPOKIMOM, 3) 2inepeenHe po3KIAOAHHS 3A3UCTUX Md
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MazHe3ianbHO-30MI3UCIMUX  Oe32TUHO3EeMHUX CUNIKamie (Kymiemouim, elipun, pubekim, macHesiopu-
bexim, cenadonim, 3anizucmuil maivk (MiHecomaim) ma iu.) Cynpo8oOANCYEMbCs 3aMIUeHHAM iX Oucne-
PCHUM 2eMamumom abo 3a ymMoeu Oibl iHMEeHCUBHO20 BUBIMPIOBAHHS — OUCNEPCHUM 2eMUmoM, 2e-
MUMOM; 34 PAxXyHOK CUNIKAMHOI CKIA0080I NePEUHHUX MIHepaie YMmeoprmsca Keapy, piouie xauye-
O0on ma onan; 4) enunozem-3anizucmi cunikamu (Oiomum, Xa0pum, CMUTLNHOMENAH, epaHam (arbMan-
OUH) ma in.) 3amMiWyromescs azpe2amom OUCHEPCHO20 2eMamumy abo OUCHEPCHO20 2eMumy, 2emumy 3
K8apyom (XaiyedoHoM, ONaIoM); HPUCYIMHICIb 2IUHO3EMHO20 KOMNOHEHMY 8 CKAAOI Nep8UHHUX CUJ-
Kamie CNpuvyuHsE YMeopeHHs 2IUHUCTUX MIHepalie, 3a36uuail, Kaoainimy ma inodi aiyuimy; 5) cinep-
2eHHI 3MIHU CYabDioie 3aniza (nipumy, nipOMuUHY, MapKA3UmMy ma iH.) Cynpo8o0ICYIOMbCsl YMEOPEHHAM
oducnepcro2o cemamumy abo OUCNEePCHO20 2emuny, eemumy, iH0O0i 8 cynposodi cyivbpamie 3aniza (apo-
3umy, xonianimy, menanmepumy). Bionocno cmitikumu 00 Oii einepeennux pakmopie € nepgummi (me-
mamopgoeenni, MemacomamuyHi, 2i0pomepmMaibii) Keapy i 3ani3Ha cuooKda.

Taxum yunom, nposagom Oii 20106H020 MPEHOY 2iNepeeHHUX 3MiH NOPI0 3ANI3UCTO-KPEMHUCTOT ¢o-
pmayii € cymmese 3MEeHUWEHHS iX MIHEPAIbHO20 PIZHOMAHIMMAL

Lpyeopadnuil, cynpogooicy8atbHull mpeHo noasiede 8 YmeopeHHi 2inepeeHHux MiHepaiia y nopodic-
HUHAX 2IPCbKUX NOPIO BHACAIOOK NepeGiOKAA0eHHA MICPYIOUUX Y CKAAOI 2INePeeHHUX PO3UUHIB XIMIYHUX
KOMNOHEHMI8, SIKI 6X00Unu 00 CKIady NepeuHHUX minepanis. J{o HatlOinbuw NOWUpeHux i pisHOMAaHIMHUX
3a po3mipom i hopmoro GIOHOCAMbCS azpeeamu cemumy. Bonu 3ycmpiuaromuvcs 6 npunosepxmesux 2ip-
HUwux eupobrax waxm — Ha eaubuui 0o 700 m. Ilpeocmasneni, 3a36uuail, WKAPALYNYEAMUMU,
HAMIYHUMU acpe2amamu,, 3an06HIOIOMb PI3HOT (hopMU NOPOICHUHU Y 6MICHUX 2IpCbKUX nopodax. Pos-
MIp azpesamis KOIUBAEMbCA 6I0 Nepuiux Minimempie 00 OeKilbKoX Mempig. Y 6uensioi nismMucmux,
KOHYEHMPUUHUX, IHCUTONOOIOHUX BKIIOUEHb 8 dcpe2amax 2emumy NPUCYmHi 2eHemuyHo CHOPIOHeHi 3
HUM OUCHEPCHULL 2emum i 1eni0OKpOKim.

Ha pisni eepxnix eincomempuunux 2opu3oumis 3aaizopyoHux pooosuly 8i00y8acmsbcsa aKkmusHa mie-
payis KpemHezemy 6 CKAaodi cinepeeHHux po3uunie. Haciiokom ybo2o € ymeopeHHs YuCieHHUX JHCUl 2i-
nepeeHHo20 Keapyy, Xanyeoony, onany. B cipnuuux eupoodxax waxmu «Caxcazanv» 0yau 3ycmpinymi
VHIKANbHI HAMIYHI azpecamu XaiyeooHy, IHOOI 6Kpumi no nogepxwi oyosice opionumu (posmipom 0o 1
MM) pOMOOeOpUUHUMY KPUCTNALAMU K8APY) .

3naunorw piznomanimuicmio Gopm i po3mipie GiOpPI3HAIOMbCSA HOBOYMBOPEHI azpecamu Kaibyumy
ma 6invw piokicnoeo apazonimy. Hattuacmiwe 3ycmpiuaiomocsi ix nposcuiky ma UNOSHEeHHs KABepH,
MPIYuH, THUWUX NOPOACHUH Y BMICHUX 2eMAMUMOBUX K8APYUMAX | CAAHYAX chepoaimosumu, padiais-
HO-NPOMEHUCTUMU, 3ePHUCIUMU, 3eMAUCMUMY azpezamamu. [Jocums yacmo cnocmepieacmuvcs ymeo-
PeHHs cmanakmumie i cmanaemimie Kamvyumy, 006xcuna akux oocsieae 100 cm. Kanixe 3i cmeni 3a-
KpUMux 2ipHuyux 8UpoOOK CRPUYUHAE NOCMYNOBE BKPUBAHHSA iX NIOA02U KIPKAMU KATbYUMY, ) «BAHHOY-
Kax» AKUX HACTIOOK NAJIHHA Kpaneib YMEOPIIOMb A MAK 36AHI «WAXMHI nepau», poamipom 6i0 1 0o
20 mm. Byoosa «nepnie» 30HaIbHA, 8 YEHMPI KOJCHO20 3HAXOOUMbCS HeGeauKo2o po3mipy (6io 1 0o 10
MM) YACMUHKA 2eMAMUMO8020 KEAPYUINY.

Kpim onucanux suwe, 6 niozemHux ipHu4Ux 6UpOOKaAx SUSAGICHI MAKONC PI3HOT opmu CyuacHi 2i-
nepeenHi YmeopenHs nipumy, MapKazumy, MeibHUKOSImy, Cenioaimy, RaiueopCcoKimy, ceiaooHimy, Ka-
ONIHIMY, MOHMMOPULOHITY, XA0PpUmy, cuoepumy, 00I0MImy, yeiecmuny, bapumy, 2incy, apoumy, Ko-
nianimy, aiyHimy, Xaumumy ma iHWux Minepaiie — 3azaiom nouao 40 minepanvhux 6udis i pizHo8uois.

Kurouosi cioBa: 3amisucro-kpemuucta ¢popmarisi, KpuBopispkuii 6aceiid, rineprenHi MiHepam.

EBTEXOBA A.B., WLYJIUKA 10.H, EBTEXOB B.AI., CMUPHOB A.A., TEOPI'MEBA E.I.
MuHepanbHble HOBOOOpa3zoBaHUA NOA3EMHbLIX FOPHbIX BblpaboTok KpuBopoxckoro
b6accenHa.

Pesrome. B monwe copnulx nopoo scenezucmo-kpemuucmou popmayuu Kpusopoosicckozo bacceiina
NOCMOAHRHO npoucxodﬂm cUNEepPeceHnvle USMEHEHUA. Onu COI’lpO(iOJfCOLUOWlC}Z pacmeopenuem munepalob-
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HO20 8eujecmad U 0CAaNCOeHUeM SUNEPLeHHbIX MUHepanos 6 nycmomax. K nocieonum omuocsamest noo-
3eMHble 20pHble 8bIPAOOMKU 3aKPLIMLIX U delicmaylowux waxm. MunepanvHvle 00pazo8anus 2opHbIX
8bIPAOOMOK HAOAIOOAIOMCSL HA NOBEPXHOCMSAX KPOBIU, NOOOULBLL U CIMEHOK 8 8U0e HAMEYHbIX 00pa30-
6aHULL 2cemuma, Keapyd, XaiyeOoHd, Onaud, apazoHuma, KArbyuma, RUpuma, Maprasuma, MeibHUuKo-
BUMA, CENUONUMA, NATBIZOPCKUMA, CeNA0OHUMA, KAOTUHUMA, MOHMMOPULIOHUMA, XA0PUma, cuoepu-
ma, doromuma, yeiecmuna, bapuma, 2unca, Apo3uma, KONUANUmMa, XaHmuma, anamuma u Opy2ux mu-
Hepanog — acezo bonee 40 MunepanrbHuIX U008 U PA3HOBUOHOCHIELL.

KiroueBble cjioBa: skejae3ucTO-KpeMHHUCTass (opmanusa, KpuBopoxckuii OacceiH, rMIepreHHbIe
MUHEPATIBL.

EVTEKHOVA A.V., SHULIKA Yu.M., EVTEKHOV V.D., SMIRNOV O.Ya., GEORGIIEVA
O.P. New mineral formations in underground workings of Kryvyi Rih basin.

Summary. Hypergene changes constantly occur in rocks of banded iron formation of the Kryvyi Rih
basin. They are accompanied by solving mineral substance and sedimentation of hypergene minerals in
cavities. The latters are underground workings of closed and active mines. Mineral formations can be
seen on roots, foots and walls of the workings as accumulating formations of goethite, quartz, chalced-
ony, opal, aragonite, calcite, pyrite, marcasite, melnikovite, sepiolite, palygorskite, celadonite, kaolin-
ite, montmorillonite, chlorite, siderite, dolomite, celestine, baryte, jarosite, copiapite, huntite, apatite
und other minerals — in all more than 40 minerals and mineral varieties.

Key words: banded iron formation, the Kryvyi Rih basin, hypergene minerals.
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