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Abstract. A number of titanium minerals that are associated with pegmatites of
the marginal zone of the Luzyce granitoids have been analysed for the niobium and
t:;ntalum content. Two generations of rutile have been distinguished. Rutile of the
first generation originated immediately after albitization and contains, on the average,
several per cent of niobium, the content of this element being highly variable. Ru-
tile of the second generation is connected with the process of prochloritization. It is
ilmenorutile characterized by a high and constant niobium content, amounting to
approx 10 wt.%. Besides, a mineral corresponding to the formula FeNb,Og with the
properties similar to mossite has been recorded. It may owe its origin to the repla-
cement of ilmenorutile by iron compounds.

INTRODUCTION

In the Luzyce granitoids, occurrences of titanium- and niobium-bea-
ring pegmatites have been noted. The granitoids are represented by alka-
line varieties, consisting mainly of potassium feldspars, quartz, plagioclases
and mica. In the marginal zones they show substantial contact changes.
There are tectonic zones there that are associated with veined or vein-
_nest-like pegmatite bodies. The granitoids adjoining the latter bodies
are free of biotite, which has been probably replaced by prochlorite. The
quantitative mineral composition of the granitoid and pegmatite, as deter-
mined by microscopic examinations, is presented in Table 1. It is evident
from the table that the mineral composition of pegmatites differs conspi-
cuously from the wall rock. The content of feldspars in the former is
much higher, prochlorite appears in substantial amounts, while mica is
missing altogether.

The main components of the ore-bearing pegmatites crystallized in the

following approximate sequence:
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1) muscovite, 7) quartz,
2) orthoclase, g)) hem&}\;ﬁlite;t

: . prochlorite,
Zz :ﬁ;igdme’ 10) ilmenorutile,
e e 3 ) 11) niobium-bearing iron minerals
5) niobium-bearing rutile, and FeNb,O; (associated with
6) zircon, thorium mineralization).

It may be assumed that the development of pegmatites was accompa-
nied by a drop in temperature. This fact was favourable for the activation
of hydrothermal processes. The subsequent, post-magmatic stages of mine-
ralization with niobium, thorium and rare earths as well as with trace
amounts of native copper were presumably associated with these processes.

Taiblie @il

Mineral composition of granitoid and pegmatite (vol. %)

1 T I :

| LA Granyltmd i Pegmatite

‘ % 1 %

e e e SRR
Quartz ~ 59,7 1 21,2 '1

| K-Feldspars | 26,8 56,6 \

'\ Muscovite \ 9,5 | —

| Plagioclases I 3,9 \ 5,9

| Prochlorite { 40 i 14,9

JF e %9 [

| Total \ 99,9 i 98,6 3

: T.he secondary processes, i.e. albitization (weakly manifested), serici-
'glzgtmn, prochloritization, mineralization with quartz and iron re;nain in
intimate association with the development of pegmatites and th’e following
stages of their mineralization and alteration. Albitization gave rise to ch
o_ldpst ~niobium—bearing rutile (Cerny 1964, Collective work 1964), prochlo-
1‘1t12at.10r.1, as appears from further discussion, to ilmenorutile an’d enrich-
ment in iron — to iron mossite. ,

NIOBIUM-BEARING RUTILE

Originally, rutile formed presumably grains up t in si
101the secondary processes, it was intens)él}% corrodeIe)d soo %I:;ltr:ntolga\sflzoerilD%e‘
relics may be observed. Rutile is replaced by quartz, anatase r 1y11)b
sphen or hydrated iron oxides (Phot. 1, Fig. 1). The'/ latter f(;" g yd /
morphs after rutile, and not seldom do they contain relics th ’tm v
ring theu‘. chemical composition, should be l'uegarded as a tra ’e}c" 001n§1de—
between ﬂmgnorutile and iron mossite (Phot. 1, Fig. 1 Tall)QSlZlonn' T A
Compared with the isotropic matrix of hydrateél iron o’Xides‘ th pQImt 2
rutile relics show a higher reflectance and dark, hardl disc, '(E)l] o
nal reflections. The larger and better preserved’rutﬂe zrystaeignﬁa\fe 1;]};;:
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Fig. 1. Nb, Fe, Ti and Ta distribution
10 1 along the line 0—1 shown in the
Photography 1. Pseudomorphs of hy-
/,JL drated iron oxides after rutile have
0 L been investigated

rogeneous internal reflections, varying from almost colourless through
yellow-brown to hardly visible dark-brown or grey-black. Microprobe
analyses (Phot. 2, Tab. 2, point B, C) have shown that the darkening of
the internal reflections attends on an increase in the niobium content. The
amount of niobium also determines the lowering of reflectance, relative
to rutile, seen in immersion. The results of observations are in accord
with the optical features reported by Ramdohr (1960) for rutile and ilme-
norutile. Niobium is randomly distributed in rutile, and it is difficult to
determine any preferential directions. It has been noticed in some cases
that the more fissured rutile is, the less intensive its internal reflections;
it may be inferred therefore that it contains more niobium. There is in
this point certain analogy with the experimental data of Hutchinson (1955).
The rutile under study is characterized by a widely variable Nb content,
low Fe content and, practically, the lack of Ta, Mn and Sn.

Summarizing the results of microprobe analyses and microscopic in-
vestigations, it is interesting to note the following facts:

1. The investigations failed to show any columbite or mossite secre-
tions in the niobium-bearing rutile.

2. The original Nb concentration in rutile is associated with an insigni-
ficant amount of iron (Tab. 2, point B @) Eheinon content increases sub-
stantially in the process of replacement of rutile by iron compounds (Tgb.
2, point A). It appears, therefore, that the association of ilmenorutile with
mossite is a secondary feature.

3. Not all the niobium must have entered the rutile lattice simulta-

neously with titanium.




Table 2

Chemical composition (weight-%) of rutile and ilmenorutile determined by the
electron microprobe

| Speci- Point investi- Nb T Ti Fe M o
! gated in the | Mineral 2 : : “ Total
i men Spetinicn ' ( “‘) (IE50) (Ko, | (R ar) (Ka,) (Km.'z).
i R AR ; [ 5di
HK- Point A (Fig. | Pseudo- | _ ‘
| -111A| 1,Phot.1) morph | - ‘:
‘1 of Fe } 14,0 0,1 | 29,5 | 18,7 | 0,00 | 39,0 |101,3
oxides | i
after \ [
rutile | | |
HK- | Point B (Fig. e e “'7 R il
-111A| 2,Phot.2) | Rutile | 29 | 00 |580 | 04 | 00 | 375 | 988
HK- Point C (Fig. i 7 "_i T e W :
-111A| 2, Phot.2 | Rutile 96 | 01 |493 | 1,1 |00 | 403 |100,4
K Elmeno "\’ ol i O 7| e ;
¥ |
| -112M| ,_1 rutile 94 | 0, | 44,7 ; 4 3MIH0} 40,5 | 99,0
iz Ilmeno- [ A 2L | 3
] -112M| ik Bl oimutile 94 | 00 | 477 L 38 |00 |399 |1008
HK- \ t Ilmeno- | sripes e AT
| 5 [ |
LML s 8L rutile 96 | 00 | 458 | 42 00 | 400 | 99,6
HK- } | Ilmeno- o IWWAA g \ oo Z 2
-112M| 4 i
wehiee 777#771 rutile 9,7 ] 0,0 | 45,0 l 3,80 110101 39,811 98’3

Experimental conditions: acceleratin
3 g voltage 20 kV, standard of s ity: i
Mn, Fe;0O, counting time 100 sec. ! Rafe RU L E YA

ILMENORUTILE

Ilmenorutile is associated with the itizati

; ' ' prochloritization zo joini
directly the pegrg/latlte bodies. The amount of prochlorite inni;ea?g(c)i(m'r;lg
creases to 70 vol.%, and so does, proportionally, the content of ilmenorutille_

Ilmenorutile forms idiomorphic crystals averaging 0
le fo .03 i
}Llil()) tc‘>E 0.1. rrtl)m in size. They are very well preservged %nd, irrln ?)hi(r);rcllf:grrllif
h 1;1 0 nio 1um-bear1ng .rutlle', are not subject to replacement. The crystal
abit is dipyramidal, prismatic or tabular, uncommonly ne cil lik Y
cry§tal.s often fo.rrr'x twins, similar to the varieties 1'epgrtedef g efl e
megs‘lo(le Mts. (Mlmeraly 1965, vql. 11). Occasionally, regular og‘:)amolrtlsef 3
rr?ui by elfht m’&erngown py'ramldal crystals (with very regular s%ructu?r;
sho}\’)v Se o ls{e{)\fe lrmcroscoplcally, Upder the ore microscope the mineral
i “’Ic(}:a ireflectance on 'ghe grain boundaries, conspicuous in the i
. gglo\y s, colourless. The anisotropy ranges from weak to distinct l: 'm;
\g;sx e in intergrowths. In immersion bireflectance is distinct A
undaries and strong in the twin intergrowt Soni e

: : hs; J ;
grey-pink to grey-blue and violet. The internal reﬂ:i{iy;r?f al;; SZi"CI){ulI;rf;;;n
6 ;]

X-ray powder data for the heavy fraction separate

means of CHBry

Table 3

d from the prochlorite zone by

Tapiolite (after Ilmenorutile
Heavy fraction Michiejev, (after XRDC II
Dubinina 1939) 1944)
I d A Mineral component I { d T ‘ d
2 5,73 P \
4 4,43 P
5 4,23 QO M
1 4,01
1b * 3,78 M 4 (3,67) 2 (3,617)
8 3,47 D
3d ** 3,38 Qi M T 8 3,33
10 3,217 (e} 1 8 3,269
10 3,017 oM
2 2,910 o
7 2,835 () 4 2,85
3 ORI OMP
6 2,569 OMPT 8 2,57
7 2,500 : 6 2,497
1 2,447 Q B '
1 2,374 PT 6 2,37
4 2,283 O D 0 2,26 2 2,305
2d 2,203 2 2,185
7 2,154 oM
1 2,064 O 2 2;11
1 1,988 O M?P
5 1,919 O M? 6 (1,94)
6 1,864 T 2 1,86 2 (1,872)
4 1,806 Q?07M
3 1,766 o) . ~
2 1,748 VM2 5+ 10 1,75
i 1,700 | 10 1,695
2 1,678 Q? o 6 1,68 ;
1 1,632 Iy 6 1,626
1 1,570 12 4 } (1,552) ‘
1 1,547 et 4 1543 |
6 1,502 | 2 1,483
il 1,459 M B 1,456
3 1,432 1) AN a0 ol
7 1405 |
1 1,385 Q Fad adiane
1 1,367 Q ‘ 2 f 1,360
4 1,337 P?T 2 1,344
1 1,292 Q? i 4 1,293 1
1b 15202 6 1.2140 ol
4 (1,200) |
1 1,184 Q? 4 (1,190) |
6 1,138 ’ l
’____7’_/____/




Table 3 ct
i | Tapiolite (after Ilmenorutile
v fracti | Michiejev, (after XRDC II
el e | Dubinina 1939) 1944)
ﬁf]”f&}z{’“'*‘ﬁin‘&mﬁeﬁ T d T e
|
2b 1,120 l 2 1Lateal
1 1,080 Q 7 1,070
1 1,048 Q? 4 1,064 6 1,047
2 1,042
2 1,022 i Q 4 1,007
l
4 0,895
4 0,881
Explanation: Q@ — quartz, O — orthoclase, M — microcline, P — prochlorite, T — iron

mossite (tapiolite), I — ilmenorutile
* b — broad line.
** d — double line.

in air visible only on the grain boundaries on the contact with gangue mi-
nerals; in immersion they are somewhat stronger.

It has been found that the investigated ilmenorutile contains no inclu-
sions that have been frequently reported in literature (Ramdohr 1960;
Uytenbogaardt & Burke 1971). This mineral, associated genetically with
prochloritization, may be a stable compound, not subject to decomposition.
This fact is additionally confirmed by the stability of its chemical compo-
sition, which has been established during microprobe analyses (Tab. 3).
It is interesting to note that ilmenorutile is practically free of Mn, Ta and
Sn and has a relatively low Fe content compared with that of Nb. Fe
deficiency in relation to Nb may be a factor precluding the precipitation
of columbite or mossite in the process of decomposition of ilmenorutile.

Such low Fe : Nb and Fe : Ta ratios (Tab. 2) are rather u ) =
tive work 1964, vol. 2). jeh e

Ilmenoru‘File gnd the co-occurring gangue minerals were subjected to
X-ray examinations using CoK,, radiation. Natural samples and the se-
parated fractions lighter and heavier than CHBr; were investigated ‘The

X-ray powder pattern (Tab. 3) shows a similarity to i i
th
from the IImenskie Mts. (Michiejev 1957) y epy DS

IRON MOSSITE (?)

Table 3 gives an interpretation of the X-r
fraction heavier than bromoform, obtained
assemblage. After eliminating the re

8

ay powder pattern of the
' from the investigated mineral
flections of ilmenorutile, prochlorite,

orthoclase, microcline and quartz, there still remain several interplanar
spacings that correspond to none of the afore-named minerals. The results
of microprobe analyses (Fig. 1, 3) together with the X-ray powder data
indicate that it may be mineral of the topiolite-mossite series with a spe-
cific chemical composition corresponding to iron mossite (FeNb;Og).

%
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Eig. 2: T, Nbi Fetand#lia distribution in Nb-bearing rutile along the line 0—1
shown in the Photography 2

Microscopic examinations of ilmenorutile derived from the pyochlo.rxte
zones have revealed the presence of a rim with dark-brown, 1nd1st1nqt
internal reflections on some grains of this mineral. lAni‘sotropy of .the mi-
neral forming this rim is hard to identify considering its small size. The
reflectance lower by about 5% than that of ilmenorutile would correspond
to a member of the tapiolite-mossite series (Uytenbogaardt, Burke 1971).
Similar rims with unidentified chemical composition have been nofced on
striiverite from Mongolia (Minieraly 1965, vol. 2, part II). The rims 1n
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question contain sometimes microinclusions of ilmenorutile *. Their sma}l
size, however, makes microscopic and chemical analyses extremely diffi-
cult. Genetically, the rims follow prochloritization, bg}ing assoqated with
the stage of iron-thorium mineralization that also carries a certain, though

Fe

l.:: A » B8
. n

A b B Cc

Fig. 3. Nb, Fe, Ti and Ta distribution of goethite-like

mmeral.along the line 0—1 shown in the Photography

3. In point D there are inclusions corresponding in the
chemical composition to iron mossite

rather insignificant, amount of niobium. In the i is mi

T insign ) : prochlorite zones this mi-
ngrahza’non is wez}kly deyeloped, being limited to very fine veiny secre-
tions of hydrated iron oxides with a reflectance of 14—15% and with dark-

* Some authors (e.g. : ;
-mossite series. (e.g. Strunz 1970) regard ilmenorutile as a member of the rutile-

10

brown, intensive internal reflections. The' latter darken in the case of
occurrence of minute secretions with a slightly higher R which may be-
long to mossite. The hydrated iron oxides are isotropic and have increased
contents of Th, Si and P. Somewhat larger grains of iron oxides are asso-
ciated with the stage of hydrothermal iron-thorium mineralization recor-
ded in the feldspathic cores of pegmatites. They correspond in time to the
compounds of that type reported from the chlorite zone. They are frequ-
ently, however, crystalline, forming fine veins. In reflected light they
resemble most goethite, though they differ from that mineral both in
anisotropy and internal reflections.

The iron compounds in question show a reflectance of 17—19%, which
is much lower in immersion. With respect to the light-brown matrix
they are cream-white with a grey-blue tinge. The parts with an increased
niobium content have a characteristic grey-blue colour. The bireflectance
is weak, distinct on the grain boundaries, varying in colour from creamy-
-grey to pink-brown. The discussed minerals show strong internal reflec-
tions of orange-brown, sometimes pink-brown and dark-brown colour.
Microprobe analyses have revealed that the darkening of the internal re-
flections is due to an increase in the niobium content. In some cases this
increase is so substantial as to produce secretions corresponding in the
chemical composition to FeNb,Og (Fig. 3 point D).

Considering the very small size of the presumable iron mossite con-
centrations, a determination of their chemical composition has not been
attempted, and only the Fe : Nb ratios are presented in Figure 3.

The optical properties of this mineral show a striking similarity to
those of the tapiolite-mossite series (Ramdohr 1960; Uytenbogaardt, Burke
1971). Also the X-ray data are similar to those of tapiolite (Michiejev
1957). Certain deviations from the structure of tapiolite may be due to the
fact that mossite as a pure extreme niobium equivalent of tapiolite has
not been recorded so far in nature (Ramdohr 1960; Uytenbogaardt, Burke
1971). An electron microprobe analysis has revealed high niobium contents
in the investigated mineral (Fig. 3, point D) and only insignificant amounts
of tantalum and manganese.

The discussed iron mossite is associated with the prochloritic iron-
_thorium mineralization carrying small amounts of niobium and replacing
presumably niobium-bearing rutile in ilmenorutile. Microscopic examina-
tions failed to yield directly any irrefutable data to support the replace-
ment hypothesis. Yet, together with the analyses of titanium content (Figs
2, 3) they encourage a statement that the genesis of iron mossite is asso-
ciated with the processes of titanium removal from ilmenorutile or nio-
bium-bearing rutile, which minerals, as is well known, do not contain
tantalum or manganese. For that reason FeNb,Os appears as Very fine
secretions in iron minerals.
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Marian BANAS, Henryk KUCHA

RUTYL NIOBOWY, ILMENORUTYL I MOSSYT ZELAZOWY(?)
7Z PEGMATYTOW BRZEZNEJ STREFY GRANITOIDOW
LUZYCKICH

Streszczenie

Kilka mineralow tytanu zwigzanych z pegmatytami brzeznej strefy gra-
nitoidéw tuzyckich zbadano pod katem zawartosci niobu i tantalu. Wyréz-
niono dwie generacje rutylu. Rutyl pierwsze] generacji powstal bezpo$red-
nio po albityzacji i zawiera érednio do Kkilku procent niobu, przy czym
zawarto$¢ tego pierwiastka jest zroznicowana. Druga generacja rutylu
zwigzana jest z procesem prochlorytyzacji. Jest to ilmenorutyl, zawierajgcy
okoto 10% wagowych niobu. Zarejestrowano réwniez mineral odpowiada-
jacy formule FeNb,Og zblizony wiasno$ciami do mossytu. Moglt on powstac
przez oddzialywanie zwiazkow zelaza na ilmenorutyl.

OBJASNIENIA FIGUR

Fig. 1. Wykres koncentracji Nb, Fe, Ti i Ta wzdtuz profilu zaznaczonego na foto-
grafii 1. Dane otrzymano w wyniku badan w mikroobszarze pseudomorfozy
uwodnionych tlenk6éw zelaza po rutylu

Fig. 2. Wykres ko_ncentracji Ti, Nb, Fe i Ta w mikroobszarze rutylu niobono$nego
wzdluz odeinka zaznaczonego na fotografii 2

Fig. 3. Wyl{res' koncentracji Nb, Fe, Ti i Ta w mikroobszarze mineratu zelaza przy-
pominajacego .goethyt zaznaczonego na fotografii 3. W punkcie D mineral ten
zawiera wydzielenie odpowiadajace skladem chemicznym mossytowi zelazo-
wemu i

OBJASNIENIA FOTOGRAFII

Fot. 1. Elektronowy, absorpeyjny obraz pscudomorfoz i /
s S€ y uwodnio [ zelaz
po rutylu (100 X 100 pm). W punkcie A dokonano analizynsykcll;dtlicgkll{gr\xm{/}r}ség

(tab. 3). Wzdtuz odcinka 0—1 anali : L
o 1)) analizowano koncentracje Nb, Fe, Ti i Ta

12
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Fot. 2. F.loktromng% absorpeyjny obraz rutylu niobono$nego (200 X 200 um). W punk-
tach B i C dokonano analizy sktadu chemicznego. Wzdtuz odcinka 0—1 ba-
dano koncentracje Ti, Nb, Fe i Ta (fig. 2)

Fotl. 3. Elektronowy, absorpcyjny obraz niobonoénego mineratu zelaza zblizonego do
goethytu (150 X 150 pm). A, B, C i D oznaczajg punkty w ktérych stwierdzono
podwyzszone zawarto$ci niobu. W punkcie D wystepuje wrostek mossytu ze-
lazowego. Wzdtuz odcinka 0—1 badano koncentracje Nb, Fe, Ti i Ta (fig. 3)

Mapsin BAHACD, Xenpurx KYXA

HUOBUCTBIN PYTHJI, WIBMEHOPYTHII H HEJIE3UCTbIN
MOCCHT (?) U3 METMATHUTOB KPAEBOM 30HDI JIY)KHUKHX
T'PAHUTOUIOB

PesioMe

HecKoybKo MHHEPANoB THTAHA, CBA3AHHBIX C NMErMaTHTAMH nepupepu-
JECKON 30Mbl JYMKHUIKIX PPAHUTOHOB, aHalH3HPOBAJIHED Hid cojieprKanue HHo-
Gust u Tautana. OnpejeneHs ABe reHepauli pyTHJA. Pytus neppoii rexepa-
1K 06PA3oBAJCs HEMOCPEACTBEHHO TOCIE anbONTH3AIMH 1 COJCPIKUT B CPC-
JIHEeM /10 HECKOJMbKHX MPOUenTOB HoOus. Bropas renepaips pyTHaa cisaia
¢ TPOILECCOM XJIOPHTH3ALLHIL. Kpome Toro, Gbi1 onpejie/en MuHepas, COoTBeT
crpylomnit popmyse FeNb,Og 1 110 CBOHM CBOMCTBAM CXOJLHBIH ¢ MOCCHTOM.
Dror MuHepaJs 00pasoBajics, BEPOSITHO, TPH BO3JIEHCTBHI COGMAMHEHHMI Kee-
3a HaA WIbBMEHOPYTHIL.

OBBSIICHEHUS K ®UTYPAM

Gpur. 1. Fpaduk coaepzaanit Nb, Fe, Ti n Ta Baoab OTpesKa, nokazannoro na ¢oro 1.
Jlanuble MOJYYeHbI B HTOre aHajisd MIKpOYUacTKa ficesaomMopdosa riipooKHEIOB
Kegesza 10 PyTHILY

Gur, 2. 'paduk coaepKai Ti, Nb, Fe n Ta Ha MHKPOYy4acTKe HHOOHCTOrO pyTHIIE, BAOID
OTpe3Ka, NOKA3aHHOro Ha poro 2

Gur. 3. [pagux cojeprkaiii Nb, Fe, Ti n Ta na MHKpOyuacTKe MiHepaga JKejaesa, Halo-
MiHalolero rérur. B Touke D MiHepas COACPIKIT BKJIOUCHHE, 110 XHMHUYECKOMY CO-
CTaBy COOTBETCTBYIOlLEE JKEJC3HCTOMY MOCCHTY

OBBSICHEHMS K ®OTOCHI IMKAM

doro 1. DekTpoHHbIi, a6eopOILHO HHBIH BIL feepgoMopdo3a rHAPOOKHEIOB Keaesa 10 pyTH-
gy (100X 100 um). B rouke A Gl Mpon3Be/eH aHauli3 XHMHUCCKOro coCTand (rabn
3). Baoan orpeska 0 | aHaJH3HPOBAJIOCH CO/LCPZKAHIC Nb, Fe, Ti n Ta (¢pur. 1)

DoTo 2. DueKTpOHHDIIL, A6COPOUHOHHBIH BIL HIHOOHCTOIO pyTHIIA (200200 pvy. B rouxax
B u C Gblan Npon3BeieHbl aHajisbl xHMHUecKOro coctapa. Bjlosib oTpeska 0-—1 ana
JIN3HPOBAJIOCH COIePZKAHIE Nb, Fe. Ti n Ta (¢ur. 2)
doTo 3. DUIEKTPOHHDII, a6copOIHOHHDIH BIUL HHOGHCTOTO MiHepaja »eJsesa, CXOAHOro ¢ ré-
rurom (150X150 um). 4, B, CunD TOUKI ¢ TOBBICHHBIM COACPIKAHHEM HHO-
Gusi. B Touke D pacrojaraercs BRIIOUCHIIE skeaeaneroro mocenra, Brosb oTpeska
0—1 apannanpoBajoch COJepHaliic Nb, Fe, Ti v Ta (pur. 3)
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PLATE 1

Phot. 1. Absorbed electron image of pseu-

domorph of hydrated iron oxides after

rutile (100 X 100 um). Analysis of chemical

composition was performed in point A

(Tab. 3). Scan along the line 0—1 for Nb,
Fe, Ti and Ta (Fig. 1)

Phot. 2. Absorbed electron image of Nb-

-bearing rutile (200 X 200 um). Analysis

of chemical composition was performed in

points B and C. Scan along the line 0—1
for Ti, Nb, Fe, and Ta (Fig. 2)

Phot. 3. Absorbed electron image of Nb-
-bearing goethite-like mineral (150 X
% 150 um). In points 4, B, C and D — Nb
content is higher. In point D is inclusion
of iron mossite. Scan along the line 0—1

for Nb, Fe, Ti and Ta (Fig. 3)
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