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Abstract. This paper describes green spinel containing 40—44 molar per cent
of hercynite, occurring in ilmenite-magnetite rocks from Krzemianka (NE Poland).
The results of optical, electron microscopic, X-ray, IR-spectroscopic, chemical and
magnetic investigations of hercynite-pleonaste and synthetic hercynite are pre-
sented.

INTRODUCTION

Hercynite was first described in 1847 by Zippe (Strunz 1970) and na-
med after the massif of Silva Hercynia in Bohemia (Lazarenko 1971). Her-
cynite FeAl,O4 and spinel MgAl,O4 belong to the commonest minerals in
the spinel series. There is a continuous replacement series from hercynite
to spinel. Hercynite with a considerable amount of Mg** replacing Fe®*,
with the Mg®* to Fe®* ratio ca. 3:1, is called pleonaste. In addition to the
substitution of Fe®* for Mg**, considerable Al’*—Fe®* substitution may
occur, though there does not appear to be a complete natural series to
magnetite. Continuous substitution of Cr®* for AI’* is also observed, there
being a complete solid solution between hercynite and chromite (Deer et
al. 1966).

In the minerals of the spinel group there are 32 oxygen ions and 24 ca-
tions in the unit cell (¢=8.08—8.53 A, Z=8), 8 of the cations in 4-fold
coordination and 16 in 6-fold coordination.

Hercynite is commonly found in metamorphosed argillaceous sediments
rich in iron, basic and ultrabasic igneous rocks, and also in some acid
granulitic assemblages (Deer et al. 1966). The appearance, paragenesis and
physico-chemical properties of hercynite from different deposits were
described by Stewart (1942), Yamamoto (1958), Barth (1961), Fominykh
and Yunikov (1961), Flinter (1963), Goroshnikov and Sizova (1963) et al.
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was ascertained by Juskowiak (1971), Kucha and Piestrzynski (1976) and
i al. (1975).

Pllc’%}hit ilinénite-)magnetite deposit located near Krzemianka (NE Po]an'd)
is associated with anorthositic and noritic rocks. Anorthosite and norite
intruded into the Precambrian metamorphic massif consisting of gneiss,
granite gneiss and granitoid rocks. The metam_orphic rock with anortho—
site-norite intrusions is covered by a Mesozoic-Kenozoic cap. Ilmenite-
-magnetite ore occurs as lenses (Makowski 1975). The ore contains magne-
tite, ilmenite, rock-forming silicates (mainly plagioclase and pyroxene
with accessory biotite), pyrite, pyrrhotite, pentlandite, chalkopyrite and
spinel minerals such as hercynite, pleonaste, ulvospinel (Juskowiak 1971,
Siemigtkowski and Kubicki 1974).

EXPERIMENTAL

The investigation was carried out on a sample containing 85.2% green
minerals, 4.3% ilmenite and 10.5% anorthite (in volume %). The sample
was separated from a hard rock ground below 0.25 mm (containing 0.3%
hercynite) by a combination of flotation with sodium oleate, magnetic and
gravity methods. To obtain comparative data, synthetic hercynite was
used. FeAl,0, was synthetized by mixing Fe, Fe,O; and Al,Og in the ap-
propriate molar ratios. The powdered mixture was pressed into tablets,
which were then placed in a corundum crucible and heated in a Mo cruci-
ble in an induction furnace. The synthesis procedure consists of three
stages: 1 — degassing of the sample below 500°C, 2 — preliminary synthe-
sis at 1200°C, and 3 — synthesis at 1750°C. The synthesis was performed
at the International Laboratory of High Magnetic Fields and Low Tempe-
ratures, Wroctaw, Poland, in Dr R. Horyn’s laboratory.

For microscopic observation a thin section was prepared from a rock
sample that was supplied by the Institute of Iron Metallurgy, Gliwice,
Poland.

RESULTS

The anorthositic and noritic rocks taken from a borehole located in
Krzemianka, NE Poland, contains (in vol.-%): plagioclase — 56.8, pyroxe-
ne — 17.0, ilmenite, magnetite, ulvospinel, sulphide — 24.8, biotite —
1.0, green spinel — 0.3.

Mineralogical studies have shown that green spinel is closely associa-
ted with ilmenite and occasionally with magnetite and sulphides. Green
spinel in ilmenite, a possible product of the decomposition of solid solu-
tion, is mostly oriented on (100) and occasionally on (111). In thin section
(Phot.‘ 1), green spinel is observed in the form of: 1 — thin laminae inside
}lmemte and magnetite and around these minerals, 2 — xenomorphic
irregular grains about 0.05—0.8 mm in size, 3 — granular aggregates of
small grains and sometimes in the form of octahedral crystals. The spinel
_studled' has a black colour and sub-metallic lustre. In thin sections it is
isotropic and has a green or dark green colour. It has a greyish-green
streak and a conchoidal fracture. Octahedral parting along (111) may also
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be observed (Phot. 2). The octahedral habit of spinel crystals is best seen
on a scanning electron micrograph (Phot. 3). The characteristic feature of
the investigated spinel is the presence of micro- and macro-defects and
gas-liquid, ilmenite or sulphide inclusions. The ilmenite inclusions are
often automorphic or irregular ilmenite crystals. The inclusions of sulphi-
des are usually in the form of small pearl-drops. The refractive indices
determined by immersion method using a solution of sulphur in methylene
iodide is mye=1.792 (values determined for 12 grains). The specific gra-
vity of green spinel at 20°C was determined by weighing the samples
containing 85.2 green spinel, 4.3 ilmenite and 10.5 vol.-% of anorthite in
air and then in ethyl alcohol. Taking into account that the specific gravity
of the sample was 3.82 and s.g. of ilmenite is 4.72 and of anorthite 2.8, the
s.g. of green spinel was estimated at 3.90.

CHEMICAL FORMULA OF GREEN SPINEL

Chemical analysis of the sample containing 86.9 wt.-% of green spinel
has revealed 17.73% Fe, 11.05% MgO, 49.06% Al,03, 4.39% SiO,, 0.7% TiO,,
0.0568% Ni, 0.0218% Ca, 0.14% Cr and 0.178% Zn. After the recalculation,
the content of the main oxides in green spinel was found to be: 57.6%
Al,04, 14.05% MgO and 28.22% FeO. On the basis of this data, and assu-
ming that iron is in the form of FeO, the chemical formula would be
(Mgy.47Fe(53)0-0.762 Al,O3. However, since a certain amount of iron is also
in the from of Fe,Os the formula for green spinel will be: (Mg ssFeds)
(Al g;Fed9)O4. This is anapproximate formulabased on one chemical ana-
lysis only (only one 2 g sample was available), with the Fe** : Fe’* ratio
not determined experimentally).

On the basis of the plot given by Deer at al. (1966, p. 431) and relating
n, a, and d with the composition of various portions of spinel minerals,
the chemical formula of the studied spinel can also be estimated. For a spe-
cific gravity of 3.90 and a cell edge of 8.136 A the formula is: (Mgo.sFe 34
(Al gFe3 )0, and for a specificgravity of 3.90 and the refractive index
n=1.792, the formula is: (MgysFesh) (AligsFeo’5)Os. The combination of
the refractive index and the cell edge gives a very low content of Fe** in
green spinel. This suggests that the refractive index is likely to be undere-
stimated.

The chemical formula of green spinel determined by chemical analysis
and estimated from d and n values corresponds well to the formula
(Mg0.4_o_56Fe§.+5_0.44) (Fegt 1 _0,06A11‘39—1.94)O4 found by Kucha and PieStI’Zyr’l-
ski (1970) by microprobe analysis for green spinel from the Krzemianka
deposit.

The intensity of X-ray K, radiation generated by green spinel was re-
corded with the scanning microscope using an attachment for X-ray ana-
lysis. Introducing the ,first approximation” equation RK=Iyg:Ia=
=Cuyg : Car (Philibert, Tixier 1969), where K is the molar ratio of the
generated intensities (I) and C is the mass concentration of Mg and Al in
the sample, the ratio of molar content of Al:Mg was found to be 3.42.
Such approximation could be made due to the similarity of the atomic
number of Mg (12) and Al (13). The value of 3.42 roughly confirms the
formula of green spinel calculated from chemical analysis (Al : Mg molar
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i . 0= he for-
tio=3.23), from d and a, values (Al: Mg mqlar ratio=3.2), and t
irzlaullt; deter)mined by Kuc(})m and Piestrzynski (1976), where the Al:Mg
average ratio was 3.99.

IR ABSORPTION SPECTRA

The infrared absorption spectra of green spinel from Krzem¥anka and
synthetic FeAl,0, were recorded with a Sp_ecord 75 (Carl—Zeiss—Jena,
GDR) spectrophotometer. KBr discs containing about 1 wt.% of the sam-
ple were used. The spectra of both samples in the wave-number range
400—1800 cm™ are shown in Fig. 1. By analogy to MgAl,O, and other
normal cubic II—III spinels (Preudhomme, Tarte 1971) the two band; at
654 cm™ (v;) and 497 cm™ (vo) can be attributed to the lattice vibrations
of AlOg octahedral groups. According to Preudhomme and Tarte, these
frequencies are essentially determined by the nature (but not the mass)
of the octahedral trivalent cations. The band below 400 cm™ (v4) of
FeAl,0, and a weak but distinct shoulder at 557 ecm™ (v3) correspond to
complex vibrations involving simultaneously the tetrahedral (FeO,) and
octahedral (AlOg) groups. The absorption bands at 1600 and 3400—
3600 cm™ are caused by the surface molecular water.

TRANSMITTANCY

! | |
1500 1000 500
| . cm’
Fig. 1. IR absorption spectrum of hercynite-pleonaste from

Krzemianka (dotted line) and synthetic hercynite (full line)
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X-RAY STUDY

X-ray powder patterns were obtained with a DRON-1 diffractometer
using CukK, radiation. X-ray data for green spinel and FeAl,O, are pre-
sented in Table 1. The recalculation of the X-ray diffraction pattern shows
that the sample contains hercynite with a unit cell parameter of 8.136
£0.005 A. The sample also contains small amounts of ilmenite, magnetite
and anorthite. The value of the cell edge of hercynite is in accordance
with the data published by other authors, for example Kiryazova (1970),
Renzberg (1967) and Feklikhev (1977). A peculiar feature of the green
spinel is the lack of d4 reflection 1.440 A.

X-ray specific gravity calculated for the cell edge 8.136 A and the for-
mulafor the unit cell: (MgssFe352)  (AliggsFe3 5,)0;, estimated on the basis
of chemical analysis is equal to 3.99, being consistent with the value 3.90
determined experimentally.

MAGNETIC SUSCEPTIBILITY

Magnetic susceptibility was determined using a Franz isodynamic ma-
gnetic separator and adopting the procedure described by Nesset and
Finch (1980). It has been found that the relation between magnetic suscep-
tibility and field strength H (in Oe) for green spinel is:

0.107
xg=—H——+17.25 LOghsemu s oi ©e
Table 1
X-ray data for green spinel and synthetic hercynite
Green spinel Synthetic hercynite
d I mineral as, A d | 1| @k | a,A
4.687 | 1/2 | hercynite (/11) 8.1316 4.685 | 1/2 (111) 8.157
s 2 anorthite 3.118, I= 10*
2.865 4 hercynite (220) 8.1293 2.876 8 (220) 8.1523
2.710 1 ilmenite 2.74 1=10*
2.516 2 magnetite 2.54 I=10*
2442 ( 10 hercynite (371) 8.1130** | 2,457 [ 10 (311) 8.1575
2.029 4 hercynite (400) 8.1330 2.030 1 (400) 8.1369**
1.658 5 hercynite (422) 8.1396 1.662 1 (422) 8.1584
1.563 4 hercynite (333) 8.1364 | 1.567 5 (333) 8.1581
or (511) lub
(511)

— — —_ —— 1.440| 10 (440) 8.1540
1.285 1 hercynite (620) 8.1419 1.285 1 (620) 8.1420
= — = — 1241 172 (533) 8.1585
1.058 | 1/2 | hercynite (731) 8.1437 1.058 | 1/2 (731) 8.1569

Mean value 8.1364-0.005*** Mean value 8.155-+0.004***

* — after Mikheev (1957).
** — values not taken into account for mean value calculation.

***% — mean value at 95% confidence level.
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CONCLUSIONS

has been estimated that the formula for the green _spinel from the
ilmgﬂite-magnetite ore from Krzemianka (NE quand) is (Mg0,56Fe8_‘14)
(Al i Fed%0)O;. The Mg: Fe** ratio in thisspinel is about 1.3. Thus the
spinel under examination contains as much Mg as pleonaste or ceylonite,
in which the Mg : Mg®* ratio varies from 3 to 1 (Deer et al. 1966), and
contains about 44 molar % of hercynite. It has also been found that a cer-
tain amount of trivalent iron substitutes for Al in the spinel lattice. The-
refore the green spinel from Krzemianka is hercynite-pleonaste f}‘om the
continuous series spinel MgAl,O,—hercynite Fe®* Al,O,—magnesioferrite
MgFe3*O,—magnetite Fe**Fe3"Oy.
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Jan DRZYMAZLA, Andrzej LUSZCZKIEWICZ, Piotr SIMICZY JEW

HERCYNITO-PLEONAST ZE SKAL ILMENITOWO-
-MAGNETYTOWYCH Z KRZEMIANKI (NE POLSKA)

Streszczenie

Przedstawiono wyniki badan mikroskopowych, rentgenowskich, spek-
troskopowych w podczerwieni oraz chemicznych zielonego spinelu ze
skal ilmenitowo-magnetytowych z Krzemianki (p6éinocno-wschodnia Pol-
ska). Badania przeprowadzono uzywajgc probki zawierajacej 85,2 obj.%
zielonego spinelu, 4,3 obj.% ilmenitu i 10,5 obj.% skaleni. Probke wydzie-
lono ze zmielonej rudy ilmenitowo-magnetytowej zawierajacej okolo
3% spinelu przez flotacje z olejanem sodu a nastepnie przez sepe-
racje magnetyczng i seperacje grawitacyjng. Stwierdzono, ze spinel ten
o przyblizonym wzorze (MgyssFedfa)(AlgFedts)Oq pochodzi z szeregu
izmorficznego spinel (MgAl,O4)—hercynit (Fe**Al,05)—magnezoferryt
(MgFe3*0,)—magnetyt (Fe**Fe3*0y) i zawiera 44% mol. hercynitu. Bada-
ny hercynito-pleonast jest czarny o polysku pétlmetalicznym, w cienkich
plytkach zielony i posiada zielonoszarg ryse a przelam muszlowy. Gestosé
jego wynosi 3,90 g/cm®, gestos¢ rentgenograficzna 3,99 g/cm’. Pozostale
dane: stala sieciowa a,=8,136 +0,005 A, pasma absorpcyjne w podczer-
wieni 654 (1), 497 (v2), 557 (v i ponizej 400 cm™* (»4). Gléwne refleksy rent-
genowskie 2,865 (4), 2,442 (10), 2,02 (4), 1,658 (5), 1,563 (4). Wspoiczynnik
zalamania $wiatla ny.=1,792. Podatno$é magnetyczna x,=0,107/H+
+17,25 107° j.em. g~* Oe™', gdzie H jest natezeniem pola magnetycznego
w Oe.

OBJASNIENIE FIGURY

Fig. 1. Widmo absorpcyjne w podczerwieni hercynito-pleonastu z Krzemianki (linia
przerywana) i syntetycznego hercynitu (linia ciggta).

OBJASNIENIA FOTOGRAFII

Fot. 1. Hercynito-pleonast ze skal ilmenitowo-magnetytowych z Krzemianki (w két-
kach). Pow. 70X

Foto. 2. Hercynito-pleonast. Przelam muszlowy, oktaedryczna tupliwo§é weditug (111).
Pow. 300X

Foto. 3. Hercynito-pleonast. Oktaedryczny pokré6j krysztatu. Pow. 900X



Sn JIKHMAJIA, Andaceii JIYI[KEBAY, Ilemp CAMHYEB

I'EPIIMHUT-TIJIEOHACT B MNJIBMEHUT-MATHETUTOBOM IIOPO/JE
M3 KIMEMSAHKH!, (CEBEPO-BOCTOYHAS ITOJIBIIA)

Pe3rome

B paGoTe TIpeaCTAaBIEHBI PE3YJIHTATBI MHKPOCKOIMYECKUX, PECHTICHOBCKUX
UK-CieKTPOCKOTIMYECKHX, MATHUTHBIX M XWMMYECKMX MCCJICIOBAHMH 3€JICHOM
[IMMHEM U3 MIBMEHHT-MArHeTUToBOM mopoasl u3 Kuemsuku. ITyrem daorammm,
IPABUTALMOHHON M MATHHTHOMN Cenapaluyd yaajoch IMOJyYHThH obpa3sel 3eJIeHOIM
IITIMHE ], coaepskatmit 85,2%, semenoil uimHestn, 4,39 nibMenuta u 10,57 ToIeBbIX
wmatoB (B 06beMHBIX ;). Jloka3aHo, uTO M3yyaemasl LUMHHENb 3TO ICPLMHHT-
-mteoHacT Mgy s Fedtia Al, gaFedtoos psina wmmHenb (MgAl,O,)—repuuHuT
(Fe2*Al,0,)—marnesuodeppur (MgFe3*0,)—marnetutr (Fe**Fe3*O.). Mune-
pall uepHOro BeTa. B Tpo3pauyHbIX LUTM(ax 3eNEHBbIN, M3JIOM ! PAKOBHUCTBIN,
yepTa 3€JEHOr0 MM 3eJIEHO-CEPOro 1liBera, Oi1ecK MoJyMeTaJUIMYECKHH, MIIOTHOCTE
3,99; pa3mep dieMeHTapHOl stueiiku a, = 8.1364-0.005. ['aBHbIEe JIMHUK HA PEHTIE-
norpammax: 2.865 (4), 2.44 (10), 2.029 (4), 1.658 (5), 1.563 (4). IToxazaTesb IpeIoM-
JeHnss n=—1.792. I'maBHBIe IJIOJOCHI HAa MH(PPAKPACHOM CHEKTPE IOIJIOLLECHHSI
v, =654, v, =497, v3=>557, v, —=nwke 400 cM~'. MaruuTHas BOCHPHUMMYHMBOCTE

0,107
¢l 17.25.107° (H = HanmpspkeHHe MATrHUTHOTO TOJST B D.).

OBBSCHEHUE K ®UI'YPE

@ur. 1. MK-cekTp TOMIOMIEHUs TepUMHAT-IUIeoHacTa 13 Kumemsuku (IpephIBUCTAst  JIMHMSL)
M CHHTETHYECKOTO IepUMHUTA (CIIOLIHAS JIMHMS).

OBBACHEHUSA K ®OTOI'PAOUAM

@ot1o 1. 'epuMHUT-TUICOHACT B MIBMCHHT-MATHETHTOBOM mopome w3 Kuemsnku., Vsen. 70 X

®oro 2. epumuur-ruiconact. PakoBUCTHI M3NTOM M OKTasapuveckuii raburyc (171), peaxo.
Yeer. 300 %

®oto 3. TepumuuT-mieonact. Oxkrasapuyeckuii raburyc. Yeem 900 x
Mockaa.
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Phot. 1. Hercynite-pleonaste in ilmenite-magnetite rocks from Krzemianka (in circles).
Magn. 70X

Jan DRZYMAELA, Andrzej LUSZCZKIEWICZ, Piotr SIMICZYJEW — Hercynite-ple-
onaste from ilmenite-magnetite rocks of Krzemianka (NE Poland)



PLATE 1II
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Phot. 2. Hercynite-pleonaste from Krzemianka. Con'choidal fracture, octahedral par-
ting along (111). Magn. 300X

Phot. 3. Hercynite-pleonaste from Krzemianka. Octahedral habit of crystal. Magn.

900X

Jan DRZYMAELA, Andrzej LUSZCZKIEWICZ, Piotr SIMICZYJEW — Hercynite-ple-
onaste from ilmenite-magnetite rocks of Krzemianka (NE Poland)



