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SUMMARY

Closely associated iron minerals (magnetite, hematite, goethite) of the Ukrainian BIF-hosted
deposits (Kryvyi Rih Basin and Kremenchuk district) are considered within the framework of
a single Fe-FeO-Fe203-H20 system. A simplified model of changes in the major component
composition of iron ore minerals vs Fe (total) and the corresponding equations for calculation
of Fe, FeO, Fe,O3 and H,O content in magnetites, hematites and goethites (related by gradual
transitions) based on the microprobe determined Fe (total) content was developed. The test
result confirmed the validity of the proposed equations, however their successful application
depends on the precision and accuracy of electron microprobe analysis (stability of the
electron beam). Proposed equations can be easily modified to calculate the ratios Fe — Wus —
Mag — Hem — Ght — GthenH>O in each analytical spot and local micro-level assessment of the
magnetic properties of ore minerals using known values for mineral components (micro-level
mapping of magnetic susceptibility etc.). Such information will significantly increase the
reliability of ore quality assessment.
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Introduction

It is well known that the reserves of BIF-hosted iron ore in Ukraine are quite large even in comparison
with the leading BIF-hosted deposits of the World (Hagemann et al., 2016 etc.). Significant problems
of the Fe-ore mining industry in Ukraine are: (1) the depletion of reserves of high-grade/traditional
low-grade ores, (2) the need for their gradual replacement with new poorly studied ore types of
complicated mineral composition. Main modern challenge: a decrease tendency in domestic
production with an increase in World production and World Fe ore prices (Shnyukov et al., 2022). The
gradual replacement of traditional ore types with new ones requires a modern assessment of the
quality of new ore types, as well as current monitoring of the corresponding parameters during their
mining and further processing into final products (concentrates, pellets). Solving such problems is
possible by creating simple, modern, fast and cheap technologies for assessment of the ores quality,
based on the integration of modern methods of element analysis, optical and electron microscopy
(SEM) / electron probe microanalysis (EMP) (Shnyukov et al., 2022). Implementation of such
technology to ores quality assessment should include study of element composition, structure and
magnetic properties of iron ore minerals, which was the task of this work. The Kryvyi Rih Basin and
Kremenchuk district deposits were the object of study.

Method and Theory

The iron ores of the Ukrainian BIF-hosted deposits contain a traditional set of closely associated iron
ore minerals (magnetite, hematite, goethite). All of them were studied in detail by classical methods in
past years using large “mineralogical” samples (microprobe analysis was rarely used). Modern
assessment of ore quality requires the widespread use of microprobe analysis, which, however, allows
only total Fe to be determined, which makes it difficult to study the Fe-FeO-Fe,03-H,O ratio in these
minerals. Let's consider a simple solution to this problem.

It was previously established (Lazarenko et al., 1977 etc.) that: (1) both direct and reverse
transformations magnetite — hematite (martitization, musketovitization) are widespread, (2) goethite
predominantly replaces hematite, (3) magnetites may contain small wiistite inclusions. Our large
microprobe data set fully supports this conclusion (Figure 1 and Figure 2). Moreover, microprobe
studies allow us to propose consideration of associated iron minerals of the Kryvyi Rih Basin and
Kremenchuk district within the framework of a single Fe—FeO-Fe;04 — Fe;Os—H,O system. In
simplified form it can be represented as follows [data (Frezzotti et al., 1994; Miyashiro, 1964, Seifert
et al., 2010) on stability fields of hematite, magnetite, wustite and native iron is taken into account]:

FeO(OH):nH,O <« FeO(OH) «— Fe;0O3 «> FeisO4 £ FeO =+ Fe
Gth-nH,O — Gth — Hem «+> Mag =+ Wus = Fe

) ) Martitisation Min fO;
«— Increase in O; fugacity (f0;) Musketovitization (log fO;— -25)
«— Decrease in temperature (T) Max T
Multistage alteration (t— 550°C)

Regressive stage Progressive stage

Regional metamorphism

A simplified model of changes in the major component composition of iron ore minerals vs Fe (total)
and the corresponding equations for calculation of Fe, FeO, Fe,Os; and H,O content on a base of
Fe (total) microprobe data was developed for such a system (Figure 3).

Example and Results

To confirm the model and equations (Figure 3), a test data s et was selected for typical magnetites,
hematites and goethites of the Krivoy Rog iron ore basin (Lazarenko et al., 1977).
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Figure 1 Complex relationships
between associated iron minerals
(goethite — hematite — magnetite —

wiistite) in BIF-hosted ores of the
Kremenchuk district (SEM  image,
BSE compo) and changes in Fe (total)
content along a representative profile
(EMP, profile step — 5 um). Note that
the image well illustrates the selective
development of goethite specifically
over hematite, as well as the
appearance  of  small  (5-10 um)
inclusions of wiistite exclusively in
magnetite. These facts are
fundamentally  important  for the
simplified model of changes in iron ore
minerals composition vs Fe (total)
content discussed below.

Figure 2 Variations in Fe (total)
content (in the form of Fe'“,0;3) in
iron minerals of the Kremenchuk
district (our data). Abbreviations for
mineral  names  according  to

(Whitney & Evans, 2010)

The data set was converted to a form identical to the results of EMP analysis (all components with
insignificant content were excluded from the analyzes (contamination of samples with silicates), and
the concentrations of Fe (total), O and H,O were recalculated to sum = 100 wt%) (Fig. 4). The test
result confirmed the validity of the proposed model and design equations (Fig. 5).
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Conclusions

(1) Simple equations (Fig. 3) are proposed for calculation of Fe, FeO, Fe;Os and H,O content in
magnetites, hematites and goethites (related by gradual transitions) based on the microprobe
determined Fe (total) content.
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Figure 5 Contents of FeO, Fe;Os
and H>O, calculated for the test
data set (Fig. 4) using the
Fe (total) values and proposed
equations (Fig. 3) in comparison
with  analytically  determined
(Lazarenko et al., 1977) contents
of these components. Their good
agreement demonstrates a
positive test resullt.

Analytically determined concentrations, wt%

(2) The test result confirmed (Fig.5) the validity of the proposed equations, however their successful
application depends on the accuracy of EMP (stability of the electron beam).

(3) The proposed equations can be easily modified to calculate the ratios Fe — Wus -Mag — Hem —
Ght — GthenH20 in each analytical spot and local assessment of the magnetic properties of ore
minerals using known values for mineral components.
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