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ABSTRACT

Streltsov V[ . Geology of rijbefrkitized magnetite quartzites depositsn
Kryvyi Rih basin i manugript copyright.

Thesis for a Candidate Degree in Geological Sciences, specialty 04.00.11
Geology of metallic and nemetallic minerals. State Institutiorginstitute of -
vironmental Geochemistry of the National Academy of Sciences of Ukaftye
iv, 2020.

Riebeckite metasomatites represent the most common variefigroferous
sodium metasomatites of Pervoyske, Hannivlk, Zhovia Richka, Artemivka, Pe-
trove and other Kryvbas iron ore deposits. They account for 91% of the tot@ met
somatically altered lw-grade magnetite ore®ther varieties of metasomatites are
much less abundangegrine metasomatitesnake up8%, albite metasomatites
make up 1%. 40% of thBPervomaisk deposit productive strateonsistof rie-
beckite metasordtites.

The growing requirenrés of metallurgical enterprises for the quality of iron
ore concentrate necessitatespafound investigation of the structure of ore
deposits, the quality of ores, including metasomatically altereskin order to
optimize the technologies fare extraction, preparation andeneficiation The
solving of thetasksis based on a significant amnt of geological data that V&
been accumulated over the last-ZD years during th@perationalexploration
process.

The thesis summarizes and analyzes prewoositained data from 55
published works and 3#e materials Thedata ofour own geological observations
of technogenimutcropsand the results of comprehensive studies of the material
from 247 samples of primary magnetite quaes andtheir riebeckitized varietes
of various degreserved as the basis ftire work.Classical and modern methods
of geological research were used.

The localization of the bodies ofhieckite metasomatitewithin gedogical

objects of different extensivenesss studiedThe distribution of sodium metas
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matites (including Bbeckite oneg of fourteen deposit®cated withinKryvyi Rih
basinwas quantified. The obtained results confirm the data of previous researcher:
(Ya.M.Belevtsev, M.P.Semenenko, MY&liseyev, E.KLazaenko,
V.D.Evtekhov) about the highesgépresentativenessf sodium metasomatites in
productive strata of Pervomayske aHdnnivka deposits. This is explained by
their localization in the intersection of KrywRih-Kremenchlk and Devladow

deep faults. Othedeposits are also characterized by the sp@aéatiof the bodies

of the sodium metasomtds tavardsdislocatiors with a break of continuity.

The Pervomaisk depositwas the case of studying tHecalization of
riebeckite metasomatites in thgectionof iron ore S&ksagan sué The obtained
results made it possible to confirm andtily the data of V.CEvtekhovconcen-
ing the maximum distributionf riebeckite metasomatites in the fifth and sixtr-
ruginoushorizons, which make up the productsteat of theiron ore deposit. The
data obtained for other studietkbposis alsogive evidence otypical nature of
maximum metasomatic ahgesfor the most powerful ferginous horizons
composed of thmagnetite quartzitesith the highest iron content

According to a detailed study of the sixth ferruginous horizon, which is the
main part of the productive strata of the Pervgshka deposif iron-magnetite
quartzites of the central part of the horiz@ave undergonmaximum metasomatic
changes The intensity of metasomatic changes decreaswsaticeally in the
directionfrom the layers of magnetite quartzites (intermediate péoti)e layers
of cummingtonitemagnetite, magnetteummingtonite quartzites (peripheral parts
of thefootwall and hangingvall of the torizon).

Zonal structure i®©characteristic feature of the bodies of sodium metasom
tites. The zone of Bbeckite metasomatites occupies an intermediate positen b
tween theback zone ofaegirine metasomatitessggirinite) and thdront zone of
silicification of primary magnetite quartzitegn sections of metasomatic bodies
with fully manifested zonation. loase ofthe absence ddegrinites, the zone of

riebeckite metasomatites occupies thack position. Threeonulesare distn-
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guished in its structureaiebeckitized magnetite quartziteonule (riebeckite can-
tent does not exceed lMass), riebeckite-magnetite quartziteone (10-30
mass¥), magnetitaiebeckite metasomatitesne (riebeckitite), whereriebeckite is
more abundant thamagnetite.

The morplology and zoation of bodies of rebeckite metasomatites with
various geological structure were investigategg means ofthe example of the
Pervomaysk deposit productive stratalhe thicknessof metasomatic bodies
reachesl50 m @bout 50 min averagg in its central parts. The thremnulesof
riebeckite metasomatites aldwave the hihgesthanifesation here. Subject to the
cutting position of thefeedingtectonicfractures tovardsthe contacts of thero-
ductive strata with the thirifth and seventh sckiose horizons, the metasomatic
bodies were formed at the expense of magnetite quartzite of various comgosition
from micaceous hematitenagnetite through magnetite and cummingtonite
magnetite to magnetdieummingtoniteones The thickness of metasomabodies
decreases significantly as the productive strata approaches from the central par
(100-150 m) to the periphery {8 m). The thickness a@onules of beckite met-
somatites also decreases. Approaching the contact with schistose horizons, there
a "shattering" of the contacts of the zonules up to their complete disappearance
The dependence of the intensity adeckitization, of the thickness of the naet
somatic zonules on the composition of the original ferruginous quartzites is also
clearly manfested in the bodies of coarse block breccias, wegtkied aghannels
of filtration of metasomatizing solutions. The maximal thickness of the metasoma
ic framing is characteristic for tHHdocksof micaceous hematimagnetite quart
ites, the intermadte one for the blocks of magnetite quartzites, and the minimum
thicknessis typical for cummingtonitemagnetite and magnetitemmingtonite
quartzites. The schist blocks practically did not undergweckitization.

Despite the peculiarities of localizatiand morphology of theiebeckite
metasomatites bodies, they are characterized by similarity of structurerapd-co

sition within the corresponding metasomatic zonules.
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The content of magnetit@aturally decrease$rom primary magnetite
guartzites toriebeckitites due to partial replacemewith riebeckite in absolute
measuremertty almost 10nass%. The decrease icontentof quartz(from 43.33
to 3.16mass¥) and hematite (from 3.89 to 0.78ass%) is even more significant
Cummingtonite was pseudomorpHhigareplaced by magnegi@beckite. The
amount of the newly formedebeckite increased significantlyith the increase in
the intensity of metasomatosigp to more than 6Gnass in riebeckitites. The
composition of the latter is close to biminepak (magnetite +iebeckite).

Changes in the chemical composition @bgackite metasomatitem zorules
are closely related to the variability of their mineral composition. Due to the met
somatic shrinkage associated with partial removal of silica by alkalinga, we
haveFg, content increased on average from 39.11 to 40.24.%0a3%e content
of Fenagn. Markedly decreased due to increasing replacement of magnetite- by ri
beckite. According to complete silicate chemical analyzes, there is a graglual d
creae in the content dbiO,, Al,O3, FEO and an increase in the content of most
minor chemical componentiN&O, TiO,, MgO, K,0, POs, S, HO") from the
back zonules to the front ones of the bodies @fenkite metasomatiteghrough
their weak movement arlfinging by alkaline metasomatizing solutions.

Riebeckitization has caused significant changes in size, morphologyp-anat
my of individuals and aggregates of doeming and minor minerals, thespatial
relationships.

The main characteristics of magnetiéjich determine the quality of ores,
are the parameters of tgeanulometry morphology and anatomy of its individuals
and aggregates. Partial replacementh riebeckite was accompanied by an-i
crease in the size of magnetiteggsgations (0.0650.075 t00.0850.090 mmin
average) The crystallographic perfection of its individuals also increased, the
number of small inclusions of other minerals, mainly quartz, being reduted su

stantidly.
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Riebeckite, which is the main normmetallic mineral of sodium metasa-
tites, is represented by two varietiesptppermetasomatic fbefkite, which was
formed by substitution of minerais silicateless magnetite quartzite (quartzgma
netite, hematite); 2) pseudomorphiebeckite, whichwasa product of cummig-
tonite eplacement with magnesiebieckite. The firstvariety is characterized by
considerable variability of crystals morphology (stampy, arh@ad, fibrous).
When magnesiogbeckite was being formedthe talilar form of primary cun-
mingtonite crystals, orienteth accordance with the stratification of tpemary
ferruginous quartzites, was preserved. According to microprobe analysisnthe co
position of metasomaticatbeckite is close to stoichiometrione high content of
Al,O3, MNnO, MgO, CaQs typical formagresiorebeckite crystals.

Quartz,whichis the most common mineral of thbemary magnetite quart
ites,was bang intensively dissolved under the influence of sodicanbon doxide
solutions. Paly the silica was used in the formation adtagckite, and pély it was
transferredbeyond the rielkitization zonesn the waste solution, wheiureole
zonesof primary magnetitejuartzie silicification werebeingformed bcally. The
active dissolution of quartz was accompanied by recrystallizaliorsulted in
simplification of the form of quartz individuals, an increase in their size (0.0604 in
unaltered magnetite quartzites to 0.1025 mm ebeckititesin average).

About 50 secondary mineradge the part of riebeckite metasomatites: the
relict ones(cumningtonte, hematite, biotite, chlorite, etc.) atltbseformed at the
progressive and regressive stages of sodium metasomaigging, tetraferibio-
tite, celadonite minnesotaitecalcite dolomite apatite,pyrite, pyrrhotine, etc.).
Their content isnegligible, the amount of each does not exceeda$s%. The
hematiteis anexception,its amount in some cases exceeds 10 #@asshe total
content of minor minerals does not exceed 5 ndass

Determning the influenceof riebeckitization intensity on thdeneficiation
of low-grademagnetite ores that make up the seleetmulles of riebeckite met-

somatites bodiewas anapplied aspect of the theslson content in concentrate is
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the main technological parameter detelingnore preparation characteristidshe
results of the experiments showed that the value of this parameter gradually i
creases with the increase in the intensityi@beckitization of theprimary magné-
ite quartzites. The partial replacement of magnetite dyerkite and decrease in
the magnetite content, caused by riekiézation, led to a regular decrease im€o
centrate yield. The iromecoveryin the concentrate, as well as the concentrate
yield, noticeably decreaseith increasing intensity ofiebeckitization due to the
transfer of ron from the mineral form, which is attracted to the concentratg-(ma
netite), to the form that islost in the taihgs due to low magnetic susceptibility
(riebeckite). The loss of iron inhe process dbeneficiation of magnetite quartzites
and their rebeckitized varieies is characterized by twadexes such asthe total
iron cantentin the tailngs and the content of the iron that is part of the magnetite
in thetailings. The value of the firashdexincreases significantly with increasing
intensty of riebeckite metasomatosis. The main reagonthis is the factthat in
the tailings after beneficiathg primary magnetite quartzites, quartz domisate
guantigtively (its content in the taigs ranges from 60 to 8dass%), and in the
tailings obtained diing beneficiation of magnetieebeckite metasomatites, the
main mineralis riebeckite (the content of iron ranges from-30 mass%). The
content of the iron, which is part of the magnetite, in the tailings decreases slightly,
but steadily in the indidad direction due to the improvement of the morphology
of magnetite sgregatons and, as a consequence, the decrease in the number o
magnetite chats with nemetallic minerals.

Thus, the influence ofiebeckitization on the quantitative ratio of ore and
non-metallic components of magnetite quartzitesimprovement of the morplho
ogy of individuals and aggregates of magnetite, the replacement of fisslyidi
natd magnetitevith riebeckite had both a positive and a negatinuenceon the
beneficiationof riebeckite metasomatitesBut since the main indicator of theieff
ciency of the beneficiation process is the total iron cortetfie concentrag it can

be concluded that ebbedite metasomatosis contributed to the improvement of
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low-grade magnetite ces as a primary raw material for the production of high
guality iron ore concentrate.

An updated classification of Pervoys&e deposibres was developdohsed
on the results of geological studies and technological tests of ckigbe
metasomatitesobtaired by the author. 163ndividual types of ores were
determired Given the proximity in compositionthe distribution in productive
strataandore preparation characteristics, they were grouped into 75 large varieties,
and thesewere put togetheinto 8 conbined varieties. The geological and
technological indices of the 8 combined ore varieties are currently used as baselin
data for the development of technological classificationtifie magnetite raw
material of thedeposit the geologicallyproveddetermning of four geological and
technologicalarieties ofores.

The considerablemountof systematically collected source material, the
optimal range of classical and advanced geological survey methods used, th
thorough analysis of the obtained results deiieed the scientific novelty and
practical importance of the scientific positions and applied recommendations
outlined in thethesis

The scientific noveltyof thethesisresearch igonfirmed by: 1) quantitative
ratios of mineral varieties of sodium msbanatites in their bodies, which are part
of the productivestrataof the Kryvbas ironore depositswere determined for the
first time, they are 91% of riebeckite; 8% of aegirine; 1% of albite d the total
weight of bodes 2) regularities of variability of composition, physical and
technological properties offerriferous riebeckite metasomatiteswere first
discovered, thregorules were found in the structure of their bodibgy arerie-
beckitized magnetite quartzitesriebeckite-magnetite quartzites,magnetite
riebeckite metasomatitegriebeckitites); 3) identification of thepeculiarities of the
directed substitution afompound association of magnetite quartzites by anbimi
eral one (riebeckitetmagnetite) of magnetitBebeckite metasomatites; 4)

detemination of a contraversion of the effectradbeckitization on ore preparation
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characteristics: increase of iron content in concentrate from 66.87 tor68%%
and decrease in concentrgield from 52.82 to 40.27%.

The scientific significance of thework. Clarification of data on the
localization and morphology of the bodies ofebrckite metasomatites,
establishment of patterns of their zonal structure, revealing the nature of variability
of their composition and ore preparation characteristicscaordance with the
geological zoning in order to improve the efficiency of mapping deposits,
produgng and processing dbw-grade magnetite ores of Pervomayiske and other
deposits of the Kryvyi Rih basin

The practical significance of the obtained redts consists in 1)
substantting of methods of geologicatructural, geologicamineralogical,
geologicaltechnological mapping of deposits of metasomatically altereejrade
magetite ores; 2pleterminingof regularitiesof influence of the intengitof rie-
beckitization onlow-gradeore preparation characteristiafter the results of the
study of natural objects and geological anahtelogical experiments3)
determiningof qualitativeand quantitative geological ieges of various degree
riebeckitized magnetie quartzite as a basis fetaborationof rectified geological
and technological classification of ord®w sheetoptimizationfor blendingores
beforefeedingthe beneficiationplants.

Keywords: bandediron formation, Kryvyi Rih basinferriferous riebeckite

metasomatites, geology, ore composition aredpreparation characteristics
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BJGC IdL Oy’

[ ' dzj e Odzr dg tc' LdzsoadHd f jtco ddidaf@ g edz0 c
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Ckd3 dzedg@alaizjsls d sdz® G dzj-I6lef{ &g dzc ssdz' Istso

[ dzdo s’ EseWsdse' ' Ctdhnlsod o d
LicsMlsOdzdz L StedMmsOdkOdd SoOtyk, tdsjc
B dzq ¥ | dedesds ©sEMlsOdz' o 3O daji € dsleits O ts d ' 19 '
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odh jdadzt JjWjClsdodesmils' totsL Stodlslsw o dH' dzj
BZOGcdzj sdlssodr B sOMsAZOIsdls™ © Hs LBOGCOYY
¢ ZOIsts 3" WO d&'teed MBBOE Wz @B E" dz ' f s5h e dz
Hy Odz! dztsfls® o dzzlste® hdz' 5° BERHtSad CtedmlsO
z dzd -~ Mlststetsdzdz’ = d3° dzj te Odz! dddL-O LooSddze B, dz!
dzdm i3 dzj tOdz' 9, C sdsie daf'ditc Yiff AU dztf 8o DGRy
o' H d@jdzhj 0,001 BB HBs 0,02 ddk, HJtj o
LOdzj ydetsls® o' H tBLIsOh ko Odzgdz? "= k& -tsB O
fs2C¢" dzsB dZOMis Y 82 ¢ ' dztsrlza@ @A ldAsdf bUs,2 € ° 2@ B 'dzO (
MlstczClskztelz ' dzH ddc'pdif. © BOcG dzj sdIskz

*s09o

t d§.7. { MsB dzd & sMIs’ totsL f sH' dze W ERE O dz®
BOGCdzj sdIskz.

QI fs2C " dzsB dzOMisafi tcd LAz lodf H;d HotsL f SH ' d
dzj to' o daAR 3?2 datktsB dzOMis s o B2 ¢ B (Hiss diZBEOY) -, dzist
dztlf 52 C ' dztsB dzOMmlssoa d2 ( 6) .

WHj Odz! dats® Hdzv o dzschtodets Ckdtsktss i
LBOCOY, ezt Mizlsdz Mls! bk 2 ¢ s( € GBifjjood@E 1
dzd BOcdzj sdlsk L §52¢" dtse)zOds Okt & B0 B
s tetsLCtedlsddd yjtejL dajL dzOydzed?2 L B to
9' H LA ttk yYyoMmlsgdss Bilzrdf (9¢ BB dzj dzt
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[ " CtesmMS s " ydz' OoHstisiipd® Hi]jopddMs © tg d ) 190 dzdz

tedm ' ftdz tetseo Odzdr N dzj ¥iZyd ¥ f B SO L ERGzdiz" fi) ez
fs2¢C" dzsB dzOMls' @ E CtedMlsOdzOr d&BOCGdzj l§dliskz
LOY' ' dBOcdzjlsdlstsodnr Co00Otoydls' o.

s O0Cdd3 yduidsaz, IsG@lsd HBfMdz R Y ezt GRS 6

OGtej GOIs' 9 dBOGdzj sdlslz Mo '~H Udsj dzHlf tots "L
LicsMisOdzdzy d3 OC Isd o dzsfmls” tedBjJ G IsdL Oy’
o' Ldzse s o dzj eOdz! detsets MEC zOHEZ W' ChEf-Is! f
sk, oHBMESdOdz] dzdzv B sdzse’™ ~ 22tsct€-" dz
dzd dzdzv Mls tsjtctis@atlz’ ded A3" adk dzs yj dz' . I M y' L d
LHOIsdz Mmils! dBOG dzj isHtls Iz I asts tdsjisdzdite  dytisdets@z’ dzj
fMisd dzig€zv f §f sH tc*' B dzj dadz" .

62. tdBj OBz L ' tStedejC' Is

[ BBzt W SO {@&@QEtd W tctsH 2 Isd eddzd
otstc'dB CasOfj 2 dzlz, o Iz ydmdz® 1 jtce sfBO
hdzw ntsds d3d IsOMsBOISd ydesegts L Od3" M jdzdg?y G 9 O
BOcdzj sdlsz odr  Hdzdr BOC-BPEEEsgEEs dAL OF
YJ dzlstcOdz' dgdrm L tsdz L Odz' L d fMisded d3 ¢ ds jo i dztseizls ¢
YyJ M3z Bldzs Bklsotstej dzdz?y d3Ocdzj L " stcdBJ &' Is
ORW " Bsdzsd3 CEd3' dzee Istsdz' Is A304c jdig dsffdgdech A = & &z
Ckdid' dgGlstsdz’ Issadnrn CoOtydls' o fjtedWjte' 2 dz
yddetsdz, £ t' LdzdBMsdBdzOBtcd Otizdzls* & W tstdlz o (
Isd dzOlte’' ‘ atse s OdBW ' B dzlz, tc' L dzg' L OL @& d3ts
BsteW sdzse” 8 SO Qs sd3 ‘¢ (tedim. 6. 8
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Oi f OtcOdz] dz' dzso sdzsC dzd Misd2 OG te-pic P@- tcd
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tdBjS'ls yjidssacQ@azzd Y MisdR ctedL szl
Bt Gt sdkse' ydss o0k Okdods My §isd
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yomiks "' , sduys ke Ols', cdzyOMmls' , " dgtsH T -9 S
‘" dzstse Odz'  dzj BOIssB d&ZOMIsse ', tOH "' Cdd ta@xdz]{fd
otsdzsC dzdmls’ (CtetsC Hsdz' Is) OGtej cOIsd (6. €

l tLH' d& 4 L OLd&OyoOdsm: , h s d3j IsOfm
CoOteydls' &9 tedBjC ssoddiBd diIsOMsdOIs ks O d3c
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LOd3" M jdzde d3 tolzH dz' fsls® d3 dzj telzH dz' ftosh
L &3 detst Woted3dd CtedMmlsOdz ©# tedBj C' Isk. dg- Ote:
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Blzo OdzO ! hn it S teddiisOdzy € BayO s d - W sfcEllk
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mMCk " dHdodHd ttsLIsONtsolzeo OdzdMm! dzj stc’ * dak
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o Odzd L sdzd, te's@W daO® dadtg 1Odizd ! H B {§ tosd3d fdz
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Mm° a3t yded 2 ME dzOH 5O W' L d.undz'd3’ audiAd f3d ek ts
BjCL Bizjy Goisded &5 qfubsdz@f n ' Hdzgd R L Odz' L'dMls
Bj lsOMsdiOls d L kv 3868, 98 BA1LqaiZ1, 74180, 183, 211 1
esLydd © LOkEyOddmn' dOkte' 2 kO ¢' BisS

s 9 O dgd R o' B Uded m € 5By Egjddbistzjo L(GdE jLd
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B tess O dz 2, 2 dzj L dzOydz 2 €' dzr CsMls
CGtcOIsC d klso st sootBdEs cORWdz@Blsalzz L o d3' Mmdzd n
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Hdeo ©dejC'lk & sOMsEOsdyUdsets § 57 &HOFj dz
Cdzj sdsk ' CoOtyk §jodddzsets &OCdz sdls

ORW " Btsdz Zlsotstcdo MW o dzOfMdz' HBEC ¢ dzd B BL-5°
Gts Ckzd3' dzc lgualz A7 ; T fotlz@MEdEs B ¢ § syOlsC tse t5°
Cdg' dzeGlstsdz Istiz.

Mm' a3 yded?2 MEC dzOH dzOlstc’ ‘ 9ase s OMB@Y ' B-t5 dzk
otset O0dzOdz' Lz L 9 d¢ ClofhpsDGhdzy O 3ts & s s 5
Ctsof! CsEts Hjtoy Oodetsets kzdz offtadfipdds j fiplde® dzts ¢
Clid dg@®L sSHAH2 dzd0,d3j Hs'telz 142 s digh d3.' Isu ts Widz & dis dzls to
dzo OdzOflpw R tsd3 § Ste’ o dgW dzdzy L ff 5C @ tcdpdstisd s
fd delgfjydatscfesj € skz. 1 tjf OteOlsd Hdzv HEsffdz' H:
dzts d3. ) fogmdts O tlz@ye © tode j ¢ IsdL o Odetsc
odelefipw dftetsL sted2 hdz' W, o jtornda" WwWEBGHt
ssets BdzO o' Hftsdz tetso OdzO. A j tetsB d ks m!



125

odm HBMdz HY J d& Hdzw CtodMisOdz' o ' HzO Gtz ‘ff
wWotdz LBdzOdz! detsfls' , HBMCtsdOdzss o dzlzlstc’ h
oCdzs yjdz@ . lteLted?2 hdz W tsBte' L Oo MW -H
Mdzv yses odSttedmMlssoakzoOoamw wC Htojf OO
ORW " Bz ff toc® e a4 @GFasyifj. 6. 12
tdej S Is BB lsOMsdBOIsd Yydztee 5 H s my j dzdp
tcdBJ &' Iskz L Yy' ket ftosw o dzj datss L SdzOdz! d
yj dzlstcOdzr dz0 yOMmlsddzO B' dzt h 58 B tots® 9" H
(tedm. [ $L &k &PBlsOteitfillzte Ocdzdz?y dzOo JHJdz2© 9 ISOB

' '

tdfy. [edr2ny jdzd2 StedhlsOd ©dejS' sk
B3 CtetsL sdzH Iz 9o Odzdav .

ed dzed B j S o @ uzj BOstEES d Is .

l totsp ' Hdzy Mo ' lsdzs; BjL OdzOdz' L OlststcO;
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v OB dzd yw ¢
I'd3" mMls a" 3 ydzcbrn (SO3OdRY Bz dzls ME dzOH " 6

m' 3t ydz visYySd o' CtetsL tsdzH 2o Odade?
C s 3 tsdzj dals | 5 5 I 3 y
SiG, 51,91 51,54 51,26 51,68 51,83
TiO, 0,019 0,021 0,023 0,020 0,018
Al,04 0,62 0,60 0,37 0,51 0,49
FeO 31,62 32,61 33,00 32,67 32,57
MnO 0,047 0,039 0,031 0,04 0,045
MgO 6,34 6,02 5,49 5,71 6,15
CaO 0,79 0,73 0,58 0,68 0,84
Na,O 5,96 6,34 6,49 6,21 5,72
K-0 0,14 0,11 0,08 0,13 0,15
I'm et 97,45 98,01 97,32 97,65 97,81

O Z2QdzHOdedn, dOO jHjdedr E IsOBd& 6'.-3,
Ydzz L 5 dzOaief fiyE Gt e Sted B j S k. 1 & s St d
LOCtsdats 3 tedets L tetsMisO o' H yYj destcOdz' das’
fdets LBjdh ' s Mw ods Mis LOd L O, §ts&OL A
thkz (tdfh. 6.130). Aj Mo ' BhHIsHOf mHk s
s’ ©dBjS kotsdt ' LiEshlsOddy od filsk
zz. 1Tt yj Mo Hydls!' ©OCBY L d3j dzh j dadaw ¢
sk sSMdHEZ &Ocdz 5 (tedf. 6.138B). & &
W' Btsd o 'EMCHY MBL OSsdsd tedts: o' H yj dz
sCMdH' & COd y' s, Odt & dz s, COd 5 .,-KRO
sOdzz (tedfm. 6. 138, ).

1 dzOo jHjjdesets By dzO LttsBdlsd o d MHsse ts
BOILE IsjtedtsH ddzOdg Oged fEOiEoedsfj Isde'Owly et d f
Bj sted ydesets tedB j G " skz. 10 tojctej mMdods'-2
TsHEZO Odzdz" 5 dzOlste’ 5 S ZOH O®RY ' Bdkz dOB C
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t df. [6GnslBakzde sfhls' L &' dado total offdy dd Rdzj't
Hdzd R 8 & ydedn Codftsdej dels' @ k& S &OH' toc

tdej S Is fMmjoHtdstcWdEs 6O LfaaRugjHas S siliEn”
HY Jjded?2 dBEOIjtc' Oz Hotsmn 1 totsBo dgdBdedrn Listf® dsc
odm Co0Otydls' o. ¢ dz3W ' B s df tatBmEAs f if oA~ H(
ftoej HMIsOQodzj dzd?2 HMjoHbBsYWtsLOBd tedBj &
weO Yy k¢t W EMmE'Is! Mw L O L dg detss € tede fs5
dzd?2, ©  HBERZzo OdzOf' o dOfwWwdBCE o' H ftited
sOdz' & § |G daleSletsdz' sz. tdBj ¢ sdL Oy v ¢
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2 9 HBERZoOEOM! L dZOydes OCIsdoedz hj o ¢ Ste
6.16).

[ CtoesL sdzH 59 ° HsMmdz" Hy J dzgdgv B Ed&zd df-tetse
Ltso Odes® odh j Hdzw KBOIlsj tc'dddzlr Otfiadas B dizOb .j H |
6.4, 6.5.

{ dff. resfdd HYFdRBOdz BOGdzj L Steds j ¢ Isk
stsytsS o3 CtotsL tsdzH Iz o Odzdz” .
1 dzOS d Is ddjdzO chipdjde’ ' s to di e jp O'telsy;; i BO=HEEE|lS d Is .
ltesn " Hdz) Mo lsdzts; BjL OdzOdz' L OlststeO;

O dz2O'Ozdn, dOo jHjddr o IsOBdz. 6.4, 6
Mo Hydls! s ftedmizlsdz Mis! E ME dzOH "'5-0 d3¥
¢ts i3 dzgOdzz. 1 3" Mls tsCMdHlkz d&BOcdz ¥ 914MC d
BOM. %, WYIHELB ddBZOM. %, ol j L dzOYydzetso ' H dzO 5 |
MO ydesects todiBh5% ', Bz dptmssded 1 d3' Mils sCfr
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dzdL+ €d2: © MEOH ORRW ' B Bz RBOHER P6H, 124 {f do'ts
BOM. %NdOHs fpgddB J " Isk ftesed 1 L dzOyj déBy
apm. %.

v OB dzd yvw ¢

Il &3 Mls ~' B ydedrme SBBRYdzd dzls’' 8 ( GZOM. %)

M- g ydz stsySd i3 CtotsL sdzH Iz o Odedew
C s 3 tsdzj dals | 5 > I 3 y
SiG, 51,69 51,96 52,17 52,07 51,78
TiO, 0,022 0,018 0,015 0,019 0,024
Al;,O4 0,49 0,70 0,72 0,66 0,58
FeO 26,73 25,84 25,69 27,20 28,29
MnO 0,041 0,050 0,059 0,043 0,037
MgO 11,84 13,26 14,27 12,15 11,02
CaO 0,67 0,90 0,98 0,81 0,62
Na,O 5,37 4,76 3,96 4,51 5,28
K20 0,10 0,12 0,17 0,13 0,09
I seB 96,95 97,61 98,03 97,59 97,72

I &8 s Ctoj oBdzj L j Esledzle fEEDOH2 O®RS' dzj L ¢
LOCdsds tedets L dgjdzh 2 ' W o' W yj dzlsBOd
dzedr, "t Cttejdzs ‘ Is: fw L & CtesMC s tezd o3
BjC ktotsets & dzOdkz o MSC &ZOH' O®Y' Bd o

Al " HlojtoHy ¥ Iso dat @dz" P ML Oldz] L
dz®eQ g dzv yJ dzsteOdz dzedr yYyOmlsddz ¢ ted MisO dz'
odl! 25,7 (fuse0O 2) ' 22.8 (fose®-3)
sddz CtedMmlsOdz’ © L HjtojrBBHISE HST &30dzaz} L o
cdjCifgesMisjte' O Is! MY L tots iFsCRERZ287 EEOOL |
(ftcsB O 226 BOME%26ftcsB O 3) .

Il Mls B' & hsfls' HEkeswwhHddr &' & yd
(sSMdHd Odzs di3' dz' 6, COdzr y' ¢, €COdz ¥ ,0-d&O
ftow dgS'bn  yj dzlstcOdz dedn Hts fjtedWjte’ 2ded |
Hdzw fjtejntsHE o' H C ko' dzelsisjdkded bits it
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t dm. JemtslBSdzd o sfMmils® L d3° dzad o 3" Miskz dy -dzj t
Hdzd n & gt tedeg dzls ‘'dgOclzzj g ¢ de@etedtsl f * sz

Ad Mo Hydls' (s oddzj Mj dzdz? ydn &' &
MO dydzd =~ f J toj IseEhEs mdad - ¢ IR cdiag ks dz'sle d
2 ' CEiRAmdjslkz sso dr CoOtcydls' o ftetsed 3

Il &3 Mls IsdlsOdelz Z3lr dzOf ORI EZ L tesMlsO , N
ftots ftodde Mj dedzv 3 IsOMsBOIsdL ¥ yd d@zd O-tetsL
HY J dedz?" o CtedMmlsOdz® ydz' 2 GctOIlsy® dsoatskzlse
IsdlsOdzz s zegdzy SdMmMdzs dOIste” ' 9 dd3d twisL yd dzO
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dstcOy' ' IsdlsOdz sz o Is' &zOR jc¢' tcddzsod+ ,
¢ @ ts, ] Odzdz' 9 ! C 5G B5, rselsste’ YyJ dzm! S sGts
sCMdHE IsdlsOdzz o MC &@PBMIsIsY dktcdOl j ] &k} 6
dzj dzlsz dzOIstc® ‘ adrn Bj sOMsBOISdIs' 9.

t di.6.remdt Hy jdd?2 StdmsOd BOcdjL"' tEd:
ssytsS o' CtetsL tsdzH z 9 O dzdz™ .

1 dzOC dilshRjc dzj L ' tste disCjeCO sy ; B adzjls dzts i)'t
Cted Mis Odzlz 1@ BWR" wlds delis di' O ¢ daj tista[dsj.

l esn'  Hdz) Mo ' lsdzts; BjL OdzOdz' L OlststcO;

1 O Odz! dztss R OtOCIsj todztses tedMmses OMdW ' Bt
L dgj dgh jdedzv © yY! sz teWHEZ od Miskz o 'tr MM
&z ftese 2 * 3 Y4 Me' ' Hydl! fJtets  smdzOB
o3 Mded s HBOGdzjIsdlssded D ' ©@o Qg gabls Oalz? Hzd &
dzd s Ltsdz Ptsfylstsegts LOdzZ LdMlstsets ctstedL tsdzlsk
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v OB dzd yvw
l d3' Mls s" d3 ydzde SCtBf tsdzj dzls’™ 8 ( B3OM. %)
m° a3t ydz vtsySd o' CStotsL tsdzH z 9 Odzdzv
C B sded dzls 5 5 1 3 2
Sio, 52,04 52,53 52,84 52,47 51,98
TiO, 0,022 0,016 0,013 0,017 0,020
Al,0O4 0,79 0,84 0,86 0,81 0,82
FeO 25,82 24,06 22,75 25,44 25,13
MnO 0,059 0,07 0,073 0,068 0,052
MgO 15,13 17,00 18,92 16,13 14,98
CaO 0,74 0,92 1,03 0,86 0,69
Na,O 3,17 1,96 0,98 2,14 3,96
KO 0,10 0,12 0,15 0,10 0,11
I M sets 97,87 97,52 97,62 98,04 97,74
mac.% mac.%
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