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Abstract The present work discusses the presumable mechanism of transfor-
mation of titanomagnetite to titanite. At the first stage titanomagnetite is oxidized
{o titanomaghemite, the diffusion of Tit+ cations into titanomaghemite crystal lattice
accompanying the process of oxidation. At the second stage, titanomaghemite is
transformed into phases with the decreasing Fe and increasing Ca, Si, Ti content.
This is due to the diffusion of Ca2t, Si‘t and Ti¢+ cations from the surrounding
minerals and simultaneously the diffusion of Fe3+ ions from the mineral to the
surroundings. The said cation translocations ultimately lead to the transformation
of titanomaghemite to titanite.

INTRODUCTION

The name titanomagnetite refers, strictly speaking, to magnetite-
—ulvéspinel monophase solid solutions characterized by the spinel structu-
re with a general formula (1 — x)Fe;05 — xFe,TiO4 or Fe?iIFe‘éiMTi 21Oy
In certain publications, however, titanomagnetite is also understood to
mean magnetite containing inclusions of titanium minerals: ilmenite,
ulvospinel, rutile, perovskite, and others. These inclusions are for the
most part the products of decomposition and transformation of magne-
tite-ulvospinel solid solutions. In the present paper the name titanoma-
gnetite is used in its strict sense. Katsura and Kushiro (1961) have shown
that titanomagnetites in igneous rocks may undergo oxidation to phases
with defect spinel structure; these phases have been called titanomaghe-
mites. The oxidation of titanomagnetite to titanomaghemite can be clearly
seen under the microscope in reflected light since titanomaghemite, for-
ming at the expense of titanomagnetite, has a higher reflectivity gmd
different colour. The separation of the two minerals is impossible
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considering similar physical and chemical properties and their intergro-
wing. Therefore, electron probe X-ray analysis alone can explain the
changes that occur during the transformation of titanomagnetite into
titanomaghemite.

PRELIMINARY ANALYSES

The analyses were made on grains of titanomagnetite occurring in
a rock sample collected in an old quarry at Puncow. The petrography of
this rock and other intrusive igneous rocks in the Cieszyn Silesia has
been described by Smulikowski (1929). Preliminary examination results
of titanomagnetites in teschenites have been furnished by M. Hubicka-
-Ptasinska (1971).

Optical examinations in reflected light as well as X-ray and chemical
analyses (Table 1) of the magnetic concentrate have shown in the discus-
sed rock the presence of titanomagnetites partly oxidized to titanomaghe-
mites. Their position in the ternary FeO — Fe,O; — TiO, system was
established on the basis of chemical analyses (Fig. 1). It appears that
just like the titanomaghemites described by Basta (1959) and Katsura and
Kushiro (1961) they are situated near the FeTiO; — Fe,O; line. The value
of the lattice constant, amounting to 8.366 - 0,005 A, also agrees with
that given for titanomaghemites by these authors.

Tia'bile il

Chemical composition of the
magnetic concentrate

Component Weight, % Mol, %
FeO ' 13.88 ‘! 23.78
Fe,O3 l 57.22 : 44.07
TiO, \ 20.85 ; 32.15
Total ] 91.95 |  100.00

The discpssed results of mineralogical examinations indicate that the
process of titanomagnetite maghemitization comes into play, but they fail
to show its mechanism.

ELECTRON MICROPROBE X-RAY ANALYSIS

Experimental conditions. The analysis was performed on
MS-46-Cameca electron microprobe X-ray analyzer, an accelerating vol-
tage being 20KV, beam current — 150 A, sample current — 15 pA
The sample was coated with copper. Metallic Fe, Si, Al, Mn, Cr, Zn uTi'
Mg as well as magnetite, fluorite and titanite were used as s’tand,ards’. ;
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In quantitative analyses, absorption corrections for Ti, Si, Al and Mg
according to Philibert’s formula were taken into account. Vanadium
occurring in titanomagnetites was not examined because of the coinci-
dence of the V-K, line (2.505 A) with the Ti-K; lines (f; = 2514 A,

B, = 2.498 A).

7i0,
RutileAnatase, Brookite

fe, 7705
Pseudobrookite

Fe0 Fe1_,{0 Fe30, Fe, 05
Wiistite Magnetite Hematite
Mrnhemito

Fig. 1. Phases in the system FeO—Fe;0;—TiO,, showing the major solid
solution series magnetite-ulvospinel, hematite-ilmenite and pseudobroo-
kite — FeTi,Os. Mole per cent
The position of the analyzed magnetic concentrate is marked with a circle

Results. A microscopic picture of titanomagnetite undergoing ma-
ghemitization is represented on Phot. 1. Titanomagnetite (designated
as T) is grey with a pink tinge, its reflectivity being about 18 per cent.
Titanomaghemite (denoted as M) is grey with a blue tinge, its reflectivity
approximating 24 per cent. There can be frequently observed a transfor-
mation of titanomaghemite on the whole grain surface to a submicros-
copically grained mineral, grey in colour, with reflectivity of 10—15 per
cent. This process sometimes goes so far that the secondary phase prgvalls
and titanomaghemite appears in relict form. The areas where titano-
maghemite transformations can be observed are marked with P on
Phot. 1; they are also visible on Phot. 6.
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All the above mentioned phases are-isotropic: Attention hag been also
-paid to the phases accompanying titanomagnetite—ti-tanomagh'em1te gram:
: he reflectivity amounting to 10 per. cent and -revealmgvblreﬂectancl:
ct anisotropy. The phases.have been designatgd as I on Phot.1;
so shown in the upper portion of the grain on Phot. 6. To
oblem whether these are not the end products of tltanpmaghe-
sformation, their chemical composition has been determined.
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Fig. 2. Fe, Ti, Mn, Mg, Al, Ca, Si, Zn Fig. 3. Fe, Ti, Al, Ca, Zn, Si, Mn, Mg di-
distribution along the A—A line stribution along the B—B line shown on

shown on the electron image (Phot. 2) the electron image (Phot. 2)

The results of electron microprobe X-ray analyses of titanomagnetite
(T), titanomaghemite (M), P phases and F phases (Phots. 1—5) are shown
on Phots. 2—4, 6—10, Figs. 2—4 and Tables 2 and 3.
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It should be pointed out that quantitative analyses in the areas of
titanomaghemite .transformations (P phases) may. lead to a large. error
due to.a significant chemical inhomogeneity caused by the submicrosco-
pic form of the secondary phase. This inhompogeneity .is evident in the
Fe, Ti, Ca, Si X-ray scan pictures (Figs. 3, 4).

. Inkensiky

L
¢ 40 80 120

Distance in microns

Fig. 4. Fe, Ti, Ca, Si distribution along
the C—C line shown on the electron
image (Phot. 6)

A scan along C-C line (Fig. 4) for the grain shown on Phot. 5, inclu-

ding F phase (the presumable end products of titanomaghemite f[ransfor-
mation), has demonstrated a still greater inhomogeneity of chemical com-
position.
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Table 2

Chemical compositions of titanomagnetite (T), titanomaghemite (M) and
the phases formed by titanomaghemite transformation (P, P,, Py), deter-
mined with electron microprobe X-ray analyser

| Weight, % o
Element T ! = P, P, P,
Fe 55.6 53.5 48.1 47.1 314
1 14.1 14.3 15.6 14.9 15.2
Al 153 1.3 0.7 0.7 1.0
Cr 0.1 0.1 0.1 0.1 0.1
Mn 0.9 0.7 1.0 1.0 0.6
Zn 0.3 0.3 0.3 0.3 0.3
Ca 0.1 0.1 151 2.6 7.0
Si 0.0 0.0 1.0 1.8 6.1
Mg 0.0 0.0 0.0 0.0 0.0
Total 2.4 70.3 67.9 68.5 61.7

Table 3

Chemical compositions of phases presumably being the end
product of titanomaghemite transformation (F phases), deter-
mined with electron microprobe X-ray analyser

Weight, %
Element
= F, F, T

Fe 12.3 7.2 2.0 1.6

Ti 21.6 22.1 23.2 24.1

Ca 135 15.7 17.9 185

si 9.8 11.8 13.7 13.7
 Total 57.2 56.8 56.8 57.9

DISCUSSION

Transformations of titanomagnetite to titanomag-
hemite

Theoretical studies of the oxidation of titanomagnetite to titanomaghe-
mite have been carried out by O’Reilly and Banerjee (1966), who assumed
that titanomaghemite has the spinel structure. Introducing parameter z
for the oxidation state of Fe?t, they have given the following formula
for titanomagnetite oxidation reaction:

s 7
Fe?+ + 5 O = 2Fet* + (1 —2) Fe?+ +% 02- 28|
where 0 <<z <1
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It appears from the reaction that the number of oxygen atoms intro-
duced additionally into titanomaghemite with the formula

2 3+ LAt 2
Hesanhie Ty O 5 G € A0

1ctz 2—2x X

Theoretical considerations of the above mentioned authors and of
Prevot et al. (1968) result in the conclusion that during the oxidation
of titanomagnetite to titanomaghemite:
. the number of titanium atoms decreases,
9. the number of total iron atoms decreases,
3. the number of vacancies in crystal lattice increases,
4. the ratio of the sum of bivalent (M2+) and trivalent (N®*) cations

M2+ + N3+ \
to the total number of cations (M2+ T N3+ L Tis+ is not changed; it

—

3—x
will be‘—“g*‘both for titanomagnetite and titanomaghemite.

The results of the present investigations have been compared with
the theoretical considerations of the quoted authors. A slight discrepancy
between the obtained and predicted results has been noted.

i aibilic s

Recalculations of the results of quantitative chemical analysis
for titanomagnetite (T) and titanomaghemite (M)

Element i v I v
B 11

Fe 73.0 70.3 —27 —3.7
Ti 21.6 21.9 +03 E1d
Al 3.5 3.5 0 0
Cr 0.1 0.1 0 0
Mn 1.2 0.9 —03 295
Zn 0.3 0.3 0 0
Ca 0.2 0.2 0 0
Total 99.9 97.2 —a7

I — The number of cations in titanomagnetite respect to the cation
sum assumed to be 100,
II — The number of cations in titanomaghemite related to the sum
of cations in the initial phase (titanomagnetite) assumed to be 100,
III — Difference between columns II and I (II-1),
IV — Relative change in the percentage of cation content in relation
to the content given in column I.

Recalculations of T and M phase chemical analyses (Table 2), made
according to the interpretation of Prevot et al. (1968) and presented in
Table 4, indicate an evident cation deficiency manifested in the increase

of vacancies in titanomaghemite. In accordance with the predictions, the
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Table 5 quantity of Fe decreases andiso’does
the Mn content. This shows that the
content of elements subject to oxida-
toin decreases. On the other hand,

Theoretical oxide composition
of titanomagnetite

S e ‘ the increase in Ti content has been

Component Weight, % noted contrary to the theoretical pre-

il T e dictions of O’Reilly and Banerjee

FeO 52.1 | (1966). This phenomenon is very li-

Fe;0; 215 | kely due to the diffusion of Ti** ca-

TiO, 23.5 tions from the surrounding minerals

AlL,Oq4 2.5 to titanomaghemite, the cations oc-

Cr;0q 0.1 cupying vacancies in the defect spi-
MnO 1.2 nel structure of titanomaghemite.

ZnO 0.4 Using the data compiled in Table

| = Ccao 0.1 4 column I and having assumed the

F—-Total ';‘*7_70"?; KR theoretical sum of cations as 3, the

value of z has been calculated and
found to be 0.648 (x = 3-0.2147).
Basing on this value, the following theoretical formula of the analyzed
titanomagnetite has been obtained: :

24 2+ 2+ o4 3+ 3+ 3 4+
(Fe 1507 Mn 0.035 Zn o.01 Ca u.uns) ( Feg50a Al 0106 Cr n.n04) Ti 648 O4

The theoretical titanomagnetite oxide composition derived from the
above formula is given in Table 5.

According to theoretical predictions (item 4), the ratios of the sums
of M2+ and N3+ cations to the total number of cations for titanomagnetite
and the forming titanomaghemite should agree. The noted slight discre-
pancy (Table 6) is very likely due, as has been said, to the diffusion of

Table 6

Recalculations of the results of quantitative chemical analyses for the phases formed
by titanomaghemite transformation (P phases) in relation to titanomagnetite (T)

T P, P, P,
Element|— i L
1+ e e el L ave ) e ‘ 111 ‘ IVl M ggeiltt, | 1V
Fe 73.0' /83,2 | 7290 {izigienia | 106 L fae| are| —318] _435
Ti 216 | 239 | +23 | +106| 228 | +12| +55| 233 +17| +7.8
Al Sl e iyl i e R, o st e B
Cr 01 [0 i o 0 0.1l a0 0 04 10 0
| Mn 12 f el 3l i1 (k83 ol migele o1 ka3 o] 04l a3
| zn 08031 0 0 gane 0 Gt il
l Ca 02| 20| +18| +900| 47| +45| +2250| 129 | +12.7| +6350]
si 00| 26| +26 an | 447 169 | +159
| Total | 999 | 953 | —a7 | Lggo Lord| o

* Explanations: see Table 4.
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‘titanium cations to titanomaghemite. The observed relative decrease in
the content of iron atoms in titanomaghemite -is far: from the possible

theoretical decrease (12:7%) corresponding to the complete oxidation of
titanomagnetite (for z = 1 of reaction 1), as it amounts to 3.7 per cent
only (Table 4 column IV). The possible theoretical decrease can'b
calculated as follows (Prevot et al. 1968): -

Ny — Ny —x2 .+ 2x+.3
il e T 100 = 12.7%
where:
n, — the number of Fe atoms in titanomagnetite (for z = 0)
n; — the number of Fe atoms in the completely oxidized titanomaghe-

mite (foriz — 1.

Titanomaghemite transformations

As can be seen from the results of spot analyses (Table 2) and those
performed along a line (Figs. 3, 4), the phases P, P,, P; forming in
titanomaghemite are characterized by a significant variability in their
chemical composition. On the basis of a dozen or so analyses, however,
it was found that all the phases reveal a considerable decrease in Fe and
a slight decrease in Al content with a simultaneous increase in Ca, Si and
Ti content. The calculations of cation numbers in these phases as related
{0 the sum of titanomaghemite cations are given in Table 6. Column II in
Table 6 indicates that these phases are also characterized by cation site
vacancies in relation to titanomagnetite. The relative changes in Fe con-
tent given in column IV with reference to the values listed in column I
reveal the decrease in Fe exceeding the theoretical value (12.7%). The
noted decrease is partly apparent, since it may result from the increase
in Ca2+ and Si4* content in the areas of titanomaghemite transformations.
It is difficult to find to what extent this is due to Fe*" oxidation and to
what extent to the migration of Fe2t or Fe’* cations to the surrounding
minerals.

Worthy of note is a comparison (Table 7) of the ratio of the sum of
M2+, N3+ and Si¢* cations to the total sum of cations (R) and the ratio

Table 7
Cation ratios in titanomagnetite (T), titanomaghemite (M), P phases and the magnetic
concentrate
T M P, P, P, Magnetic
& concentrate
e TG 0.772 | 0.762 | 0.725 | 0.732 | 0.639 0.776
Fe + Ti

|

Wby i 0.784 | 0.785 | 0.750 | 0.768 | 0.761

[ R =per ITNSF F S F Tt




of total Fe to the sum Fe + Ti (R'). A significant increase in the values
of R’ ratio may be ascertained for P phases when compared with titano-
maghemite. As appears from Table 6, this is due to cation translocations.
The ratio R, on the other hand, is only slightly lowered. A certain num-
ber of vacancies occur in the analyzed titanomaghemite (Table 2, M
phase), but there is no Si** and very little Ca** in it. As titanomaghe-
mite oxidation progresses, diffusion of Si¢+ and Ca2?t from the surroun-
ding minerals commences. Due to this process, the ratio R is only slightly
changed.

The end product of titanomaghemite transformation is presumably
a phase visible in the upper portion of the grain shown on Phot. 6. Re-
licts of titanomaghemite that can be observed in this area seem to point
to this effect. The presented spot analyses of the main components per-
formed in this area have demonstrated the chemical composition of this
phase, though considerably inhomogeneous, to approximate the compo-
sition of titanite with a variable Fe content.

CONCLUSIONS

The performed electron microprobe X-ray analyses lead to the follo-
wing conclusions:

1. Titanomagnetite maghemitization is not merely a simple process
of Fe®+ oxidation; it is accompanied by the diffusion of Ti** cations,
which occupy vacancies in the defect titanomaghemite structure.

2. A theoretically possible number of vacancies in titanomaghemite
structure is never reached.

3. Fe2t being completely oxidized, the resultant Fe?* cation, posses-
sing a smaller ionic radius and, in consequence, a greater mobility, pre-
sumably begins to diffuse to the surrounding minerals. This process is
most likely accompanied by the diffusion of Ca?* and Si** from the sur-
rounding minerals. The two processes ultimately lead to the transforma-
tion of titanomaghemite to submicroscopically dispersed titanite.

The performed analyses have thus permitted the explanation of the
transformation of titanomagnetite through titanomaghemite to titanite.
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BADANIA NAD PRZEOBRAZENIEM TYTANOMAGNETYTU
WYSTEPUJACEGO W CIESZYNITACH SLASKA CIESZYNSKIEGO
ZA POMOCA MIKROANALIZATORA RENTGENOWSKIEGO

Streszczenie

W pracy przedstawiono przypuszczalny mechanizm przeobrazenia ty-
tanomagnetytu w tytanit. W pierwszym stadium nastepuje utlenienie
tytanomagnetytu, co prowadzi do powstania tytanomaghemitu, przy
czym utlenieniu zelaza towarzyszy rowniez przenikanie kationow Ti*"
do tytanomaghemitu. W drugim stadium tytanomaghemit ulega prze-
obrazeniu w fazy o coraz mniejsze] zawartosci Fe i coraz wiekszych za-
wartosciach Ca, Si, Ti. W miare utlenienia nastepuje bowiem dyfuzja ka-
tionow Ca2?*, Si4¢* i Ti4*+ z otoczenia, ktorej towarzyszy rownoczesne prze-
nikanie jonéw Fe** do otoczenia. Te przemieszczenia kationow w konco-
wym efekcie doprowadzaja do przeobrazenia tytanomaghemitu w tytanit.

OBJASNIENIA FIGUR

Fig. 1. Fazy ukladu FeO—Fe,0;—TiO,, pokazujace gléwne serie roztworéw statych:
magnetyt-ulvospinel, hematyt-ilmenit i pseudobrukit-Fe,TiO;. Procenty mo-
lowe
Kolkiem oznaczono polozenie analizowanego koncentratu magnetycznego

Fig. 2. Rozmieszczenie Fe, Ti, Mn, Mg, Al, Ca, Si, Zn wzdluz linii A—A widoczne]
na obrazie elektronowym fot. 2

Fig. 3. Rozmieszczenie Fe, Ti, Al, Ca, Zn, Si, Mn, Mg wzdtuz linii B—B widocznej
na obrazie elektronowym fot. 2

Fig. 4. Rozmieszczenie Fe, Ti, Ca, Si wzdtuz linii C—C widocznej na obrazie elek-
tronowym fot. 6

OBJASNIENIA TABEL

Fab:
Tab.

. Sklad chemiczny koncentratu magnetytowego

Sklad chemiczny tytanomagnetytu (T), tytanomaghemitu (M) oraz faz po-

wstajgeych z przeobrazenia tytanomaghemitu (P, P,, Pg) oznaczony na mi-

kroanalizatorze rentgenowskim

Tab. 3. Sktad chemiczny faz stanowigcych przypuszczalny koncowy produkt prze-
obrazenia tytanomaghemitu (fazy F) oznaczony na mikroanalizatorze rentge-
nowskim

Tab. 4. Przeliczenie wynikoéw ilociowej analizy chemicznej dla tytanomagnetytu (T
i tytanomaghemitu (M). I — udzial liczby kationéw tytanomagnetytu w od-
niesieniu do sumy kationéw przyjetej za 100; II — udziat liczby kationow
tytanomaghemitu odniesiony do sumy kationéw fazy wyjsciowej (tytano-
magnetytu) przyjetej za 100, ITI — réznica miedzy kolumnami II i I (II—1I),
IV wzgledna zmiana w procentach zawartosci kationéw w odniesieniu do
zawarto$ci podanych w kolumnie I

Tab. Teoretyczny skitad tlenkowy tytanomagnetytu ;

Tab. 6. Przeliczenie wynikéw iloSciowych analiz chemicznych dla faz powstajacych
z przeobrazenia tytanomaghemitu (fazy P) w odniesieniu do tytanomagne-
tytu (T)
* Obja$nienia kolumn zob. tab. 4

Tab. 7. Stosunki kation6w w tytanomagnetycie (T, tytanomaghemicie (M), w fazach

P i koncentracie magnetycznym

DO —

2]
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Mapus XYBUIKA:HTACHHBCKA, Cranucaiasa EEHBHERA I T nitsdl

WCCJAENOBAHUE UBMEHEHHUH TUTAHOMATHETHTA®
B TEWUEHUTAX LEIMHCKOW CHUJIESHH C NoMO b0
PEHTFEHOBCKOTO MHKPOAHAJIM3ATOPA

PesowMme

B paGore onucar NnpeanonaraeMblii Mexainusm npeppallenus THTaHomMar-
JeTyTa B THTAHUT. B MepBoil CTafH{ TPOHUCXOAHUT OKHCJIEHHE THTaHOMAarHe-
THTA O THTAHOMATTEMHTA, TIPHUEM OKHC/EHHE 2Kejle3d CONPOBOKAACTCS -
dysueit karionos Titt B THTAaHOMAarreMHmT. Bo BrOpoOil cTaiui THTaHOMAITE-
MHT TIepexoAuT B (pasbl, XapaKTepH3yIOLIHecs BCe MEHBIIHM coJlepKanmueM
¥)eae3a H Bce OOJBLWIHUM COAep2KaHUueM Ca, Si, Ti, Tak Kak IIpH OKHCJIEHHU
nocrynaer audysus Honos Ca?*, Sit+ u Ti4* U3 oKpyKarouen cpeibl 1 OJ-
HOBPEMEHHEe NpOoMCXoAnT AH(DYsust nouos Fe?t B OKPYKAIOULyIO CPELY. Ta:
Kasl TepecTaHoBKa KAaTHOHOB NPHBOAUT B KOHEUHOM HTOTE K npeBpaLieHnio
THTAHOMATTeMHUTA B THTAHUT.

OBBIACHEHUSA K PUTYPAM

®ur. 1. Passl B cucreMe FeO—Fe,0;—TiO,, NMOKAa3blBAIOLIHE TJ1aBHbIC TPYNIBL TBEP/AbIX
PacTBOPOB: MArHETHT — UIMIHE]b, FeMaTHT — MJIbMERHUT, nceBLo6pyKHT — Fe,TiO;.
Mousipable IPOLEHTBL
K]))"/I(KOM noKaszaHo pacrnoJozKeHue HCCJIEIOBAHHOrO - MArHHTHOrO KOHIGHTpaTa

®ur. 2. Pacnpeneneniie Fe, Ti, Mn, Mg, Al, Ca, Si, Zn Broap Jquuun A—A, Habmoalo-
nieiica Ha 37eKTPOHHOM H3oOpaxenun (doro 2) ;

®ur. 3. Pacnpenenenne Fe, Ti, Al, Ca, Zn, Si,- Mn, Mg BA0Jb JauHni B—B, nabmonaio-
nleiics Ha 3JeKTpOHHOM H3o6paxenun (¢oto 2)

®ur. 4. Pacnpenenenne Fe, Ti, Ca, Si BLOJb JIHHIK C—C, nabmojaroniencs Ha 3JIeKTPOH-
yom nzo6paxennu (¢poro 6)

OBhACHEHMWS K TABJIMLIAM

Ta6a. 1. XuMHUECKHH COCTaB MATHETHTOBOPO KOHILEHTPATA

Ta6s. 2. Xumuueckuit cocras turasomarnetira (T), turasomarremura (M) n ¢das npeodpa-
30Banust THTaHoMarremura (P;, P,, Pj), OnpenesieHHbId Ha PEHTTEHOBCKOM MHKDPO-
aHasn3arope

Ta6s1. 3. XuMuueckuii cocras (a3, NPEACTABJISIONIIX TNPeAToNaraeMbll KOHEYHbIH MPOAYKT
npeoGpasoBanus THTaHoMarremuta (haspl F), ONpeACNCHHBI HA PEHTTeHOBCKOM
MHKpOaHa 13aTope

Ta6a. 4. Tlepecuer AdHHBIX KOJHYECTBOHHOTO XHMHYECKOIO aHaluda /Ul THTAHOMArHeTHTA
(T) u turanomarremura (M)
| — oTHOmleHHEe KaTHOHOB THTAHOMATHETHUTA K CyMMe BCEX KAaTHOHOB, NpPHHSATOMH
3a 100, /I — OTHOLIEHHE KAaTHOHOB THTAHOMAITEMHTa K CYyMMe BCEX KaTHOHOB
HCXOMHOH (hasbl (THTaHOMarseTuta), npuHaroir 3a 100, //I — pasuuna Mexuy
uucaamu [l n I, IV — oTHOCHTEAbHOE NPOLUEHTHOE M3MEHEeHHE COJepHaHus KaTHO-
HOB 10 OTHOLIEHHIO K COJAEPIKAHMSIM, TPUBEJCHHBIM B cTosbuKe /

Tabu. 5. TeopeTuuecknii OKHCHBI COCT4B THTAHOMATHETHTA

Ta6a. 6. Ilepecuer JaHHbIX KOJMYCCTBEHHBIX XHMMHYCCKHX aHAIN30B (a3, BO3HUKAIOLIMX

BCJIEACTBHE NPeo6pasoBanus THTaHOMarreMnTa (¢asel P), mo OTHOUIEHHIO K THTA-
Homarnerury (T)

OObsicHennss cM. Tabu. 4
Ta6a. 7. CooTHOLIEHNsT KATHOHOB B THTaHomarHeTture (T),

Tutanomarremure (M) B dasax
Py B MarHuTHOM KOHILEHTpaTe : )
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PLATES, (PLANSZE, TABJ/IUILbI)
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6.

PLATE I (PLANSZA 1, TABJIULIA I)

. Photomicrograph. Reflected light. 250X. T — titanomagnetite, M — titano-

maghemite, P — phases formed by titanomaghemite transformation
Mikrofotografia. Swiatio odbite, pow. 250X. T — tytanomagnetyt, M — ty-
tanomaghemit, P — fazy powstajace z przeobrazenia tytanomaghemitu.

MukpodOoTOCHHMOK. OrpareHHbIil CBET. YBeJ. 950%. T — tnranoMaruetut, M —
THTAHOMATTeMHT, P — (asbl NpeobpaxKenHs THTaHOMAarreMHTa

. Electron image of the grain shown on Phot. 1 A—A, B—B — lines of
scanning
Obraz elektronowy ziarna pokazanego na fot. 1 A—A, B—B analizowane
profile
DIeKTPOHHOE H300pax<enue 3€pHa, nokasaxsoro Ha ¢oro 1 A—A, B—B — ana-

JM3HPOBAHHbIE NPO(HIIH

{iHle KUL Xexay; image of the grain shown on Phot. 1

Rozmieszczenie Fe K W ziarnie pokazanym na fot. 1
Pacnpenenenne Fe K B 3epie, NOKA3aHHOM Ha doro 1

ST X Cray, image of the grain shown on Phot. 1

Rozmieszezenie Ti K , w ziarnie pokazanym na fot. 1
Pacnpenesnenne TiK B 3epHe, NOKa3aHHOM Ha ¢oro 1

. Photomicrograph. Reflected light. Immersion. 350)X P — phases formed by

titanomaghemite transformation, ¥ — phases presumably being the end
product of titanomaghemite transformation

Mikrofotografia. Swiatto odbite, imersja, pow. 350X P — fazy powstajace
z przeobrazenia tytanomaghemitu, F — fazy stanowiace przypuszczalny
koncowy produkt przeobrazenia tytanomaghemitu

Mukpocrnmok. OTpakeHHblit CBeT. YBel. 350<, unmmepcust P — aspl mpeodpa-
HKEHHS 'rmanomarreimma, F — ¢daspl, npeAcTaB/giouue IpeAnoaraeMblii KOHeu-
HBlil TPOAYKT MNpeoGpaXkKeHHs THTAHOMarreMura

Electron image of the grain shown on Phot. 5
Obraz elektronowy ziarna pokazanego na 5ty B
DJeKTPOHHOE H300paKeHHe 3epHA, NMOKA3aHHOIO Ha doTo 5

MINER. POL. VOL. 2, 1971r.
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Phot. 2

& u =
Phot: 5 Phot. 6
Maria HUBICKA-PTASINSKA, Stanistawa JASIENSKA — Electron microprobe

studies on the transformation of titanomagnetite occurring in the Cieszyn
Silesia teschenites




Phot.

Phot.

Phot.

Phot.

10.

MINER. POL. VOL. 2, 1971r

PLATE II (PLANSZA II, TABJIMIIA 1)

Fe K , X-ray image of the grain shown on Phot. 5

Rozmieszczenie Fe K w ziarnie pokazanym na fot. 5
Pacnpenenenne F(\K“ B 3epHe, MOKazaHHOM Ha (HOTo 5
LI Xy image of the grain shown on Phot. 5
Rozmieszczenie Ti K, W ziarnie pokazanym na fot. 5
Pacnpesnenenne TiK B 3epHe, NOKa3aHHOM Ha ¢horo 5
Ca K, X-ray image of the grain shown on Phot. 5
Rozmieszczenie Ca K, w ziarnie pokazanym na fot. 5
Pacnpenenenie Ca K, B 3epHe, nokazaniom Ha (oro 5
Si Ka, X-ray image of the grain shown on Phot. 5
Rozmieszczenie Si K, w ziarnie pokazanym na fot. 5
Pacnpejenenie Si K, B3epHe, TMOKa3aHHOM Ha (pOTO 5
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Phot. 9 Phot. 10

Maria HUBICKA-PTASINSKA, Stanistawa JASIENSKA — Electron microprobe
studies on the transformation of titanomagnetite occurring in the Cieszyn
Silesia teschenites




