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Abstract: Electron microanalyzer study of chromite creavases, filled with ehlorite,
the rems of which show higher reflectivity. The distribution of the elements shows
that the rims of the creavases have an increased Fe and Cr-content and a decrea-
sed one of Al and Mg. Besides we observe that in a zone surrounding the rims there
is an incregsed Al-content and a slight decreased Cr-content. It has been asserted
that during the serpentinisation or other hydrothermal action the rejected Fe in
the rims chases out Al (and partially Mg). Al immigrates to the interior enriching
the zone and ehasing out partially Cr, which afterwards is transfered to the rims.
The distribution of Ca finally shows that probably it takes part in the formation
of the chromite crystals.

INTRODUCTION

In the infernational and Greek literature there have been often
described phenomena of boundary alteration of chromitic grains or
lengthwise breaks and creavases of the mineral, being apparent from
the reflectivity changes in polished section observation. Correspondig-
ly the thin section observation shows a transparency decrease which
reaches to a complete cpaqueness. Manyi nvestigators’ references con-
cerning such cases, try to give a mineralogical description of the al-
teraled parts or zones of chromite, as well as interpretation of the phe-
nomena. let, in many cases such efforts result in presumptions, only
because of the inability to perform chemical analyses in the narrow
area as the boundary of chromite grains or the rims of creavases in
them. Using the scanning eleclron microscope and microprobe in mi-
neralogy it became recently possible to make great progress in the
study of such phenomena.
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PROBLEM POSITION

BETEKHTIN (1937) observed in chromites from Shordzha (USSR)
zones with higher reflectivity which considers as alteration areas of
chromite in a kind of chrom-martite.

Horniger {1941) describing such phenomena characterises the al-
teratéd part of the crystal as ash-colored magnetite. He distinguishes
more phases having different reflectivities, which however remain be-
low that of magnetite.

Interpreting the phenomenon he accepts either a material exchan-
ge with the neighboring rock (Al and Mg immigration to it), or a fer-
roan solution carrying, which penretrated through creavases of the chro-
mite, and enriched it in iron.

According to SPANGENBERG (1943) it 1s about Fe-chromite forma-
tion as result of serpentinisation and chloritisation of the neighboring .
rock. The ridded of, during the serpentinisation, ¥Fe,0; interchanges
with the MgAlQ,, part of chromite. Evidently the Cr,0; content of the
chromite remains untouched in such aninterchange.

RAIT (1946, 1950} for the interpretation of the zones with diffe-
rent reflectivity in chromites suggests the existence of solid solutions
in them.

MAXWELL (1949) studying chromite dusts {from different deposits
of New Caledonia, proved that the opaque (In transmitted light) pie-
ces are more magnetic than the transparent ones. Concerning the work
of STEPHENSON (1940) he concludes that the opaque parts are richer
iniren and results that the changes in the rims of the grains are due to
keeping iron which rids, during the serpentinisation of clivine.

TEX (1955) interpretes the phenomenon of the higher reflectivity
zones as a mixing of chrom-spinells with magnetite.

BARKER (1956, 1962) accepts that the areas with higher reflectivity are
chromite rich in iron or maghemite or (and) martite.

KRAUSE (1958) observed the phenomenon in Turkish chromites.
He aceepts that in a later pneumatolytic -pegmatitic stage the Cr,0; and
AlLO; removed from the chromite and took part in the formation of
kammererite, smaragdite, uvarovite and chlorite, in the neighboring
rock. The remaining components of chromite, formed mixed crystals
of magnesioferite and magnetite with an increase of reflectivity as re-
sult.

AUGUSTITHIS (1960) observed many changes because of metaso-
matism in ehromites from Rodiani. One category includes decolorisation
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zones in the mineral in which there appear myrmekitic intergrowths,
with serpentine penetrated later in it. He interprets the decolorisation
zones as a resull of the chromite grain reaction with the serpentine.
Another category includes alteralion of chromite being in contact with
talk, which came from serpentine secondarily. In this case the chro-
mite is alterated in two middle stages, from which the second looks
like magnetite and finally it is alterated in ilmenite. Moreover there
appear secondarily rutile and anatase (from ilmenite) as well as car-
bonate minerals which he interpretes as a hydrothermal phase result.

VAASJOKI and HETKKINEN (1962) having investigated by micro-
probe such phemomena in chromites of Kemi (Finland) deposit found
that in the higher reflectivity areas there is an inerease of iron con-
tent and a decrease of chrominm, magnesium and aluminum.

PHAN and RUTHIER (1964) studied, using microprobe, the boun-
dary zones of chromite grains aswell as the along the creavases opaque
zones of the mineral (black border in transmitted light) in chromites of
various New Caledonia chromite deposits. On the contrary to the rest
investigators they found that the transparency change of the chromite
graing in none change of the chemical formation corresponds.

PANAGOS and OTTEMAN (1966) using microprobe, proved that
in higher reflectivity areas of the boundary zones of the Rodiani chro-
mite grains, appears an increase in iron and chromium and a decrease
in aluminum and magnesium. They also found out a higger cell con-
stant (90) in the alterated parts.

RAMDOHR (1967} observed chromile intergrowths with magnetiie
in Tschagal (India) samples. He accepts the magnetite formation from
the frecing iron during the serpentinisation. e also (BAMDOHR 1971)
accepts the creation of richer in iron chromite zones because of hy-
drothermal changes or erosion.

WEISER (1967) having studied the boundary zones of chromite
grains by microanalyzer found that their change is different in two
groups of them. In the first group there appears an increase of the
iron and chromium concentration over that of magnesium and alumi-
num. In the second group even more iron enrichement takes place, so
that there appears also a decrease in cbromium. In this melasoma-
tism the magnesinum appears as the easier mobilized. Only in a later
stage the aluminum immigrates and later the chromium. In the same
deposit only one group’s changes appear usualy.

DIMON (1968) observed in Vergina (S. E. of Veria) chromites,
that certain chromite grains are surrounded by pure magnetite, which
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appears also in creavases of the mineral. Between magnetite and chro-
mite inserts an intermediate product with reflectivity between this of
pure chromite and pure magnetite. She interpretes the phenomenon
accepting a gradual replacement of chromium atoms by those of iron
getting free during the serpentinisation.

GOLDING and BAYLISS {1968) observed that alterated chromites
from New South Wallis (Australia) include chroritized and not chloritized
inclusions. Using the microanalyzer they proved that in the chloriti-
zed type the original chromite is rich in aluminum and is displaced
by a secondary one, or by chemically equivalent oxides and chlorite.
This secondary chromite contains more chromium, more total iron, more
ferric but less ferrous as well as less aluminum and magnesium than
the original chromite. In the non chloritized inclusions, the original
rich in chromjum chromite is replaced, lengthwise its creavases, by
magnetite, accompanied by serpentine with a little uvarovite.

BEESON and JAKSON(1969) studied by microanalyzer higher refle-
ctivity zones in chromitic grains from the known Stillwater (USA} de-
posit. They accept for the analyzed samples, a displaceinent of MgD
and AlO; by Fe0 and Fe,0, in different intensity and in two phases,
the main and the secondary. They concider the phenomenon conne-
cted with the chloritization of the initial silicates of the maternal rock.

MITRA (1972) ohserved higher reflectivity zones at the bounda-
ries of the grains or lengthwise creavases of Sukinda (India) chromi-
tes. In the creavases there appear chlorite and often uvarovite. By
microanalyzer it is proved that the zones are, usually, richer in chro-
mium and iron and poorer in magnesium and aluminum. The final
product of the alteration is often magnetite, maghemite or (and) chrom-
magnetite.

PAPADAKIS and TRONTSIOS {1974) observed in chromites from
Fytia (Veria) higher reflectivity zones, lenghtwise creavases of the mi-
neral. From optical observations no connection of the phenomenon with
the serpentinisation results and the reflectivity of alterated chromite
remains always lower than that of the pure magnetite.

From all the above there results that the phenomenon of the boun-
dary or lengthwise creavases alteration of the chromitic grains is not
simple neither has it been fully identified. Probably there are more
proceedings giving the same final result or even different ones. It is
certain, since an immigration of certain elements or components of
the minerai has been found, that the phenomenon belongs to the ge-
neral category of metasomatisms and is probably connected with the
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serpentinisation of the enclosing the chromite maternal rock or be-
longs to an other hydrothermal phase.

From that point of view we considered that, the study by scan-
ning electron microscope and microanalyzer, of samples of greek chro-
mites which show the phenomenon of a partially higher reflectivity
will be a contribution to the problem solution.

EXPERIMENTAL

The samples used for study come [rom greek chromites of the
Fytia (Veria) deposit, with clear, higher reflectivity, zones lengthwise
creavases traversing the mineral (Fig. 1). The Fytia (Veria) deposit
belongs to the Vermion-Vyra chromite deposits group (PAPADAKIS
and TRONTSIOS 1974). More informations about the deposit and the
ore quality are given in the above paper.

Fig. 1. Chromite crystal aggregate trave- Fig. 2. Absorbed electron image of the
rsed by creavases, the rims of whichshow  studied creavase and surroundings.
higher reflectivity., Fytia arca. 200X.

Polished section 75X (One nicol)

Here we will mention only that the examined samples belong
to the massif ore type, while the accomnpaning scattered type does
not show such alteration phenomenon. The chemical composition of
the chromite from the massif ore type, is given in the following table
taken also from the above paper.

Mylonitisation phenomena do not appear in the Fytia ore chro-
mites, either in the massif or in the scattered ore type. The observed
creavages in the chromitic aggregates, are connected with the serpen-
tinisation or with a following hydrothermal action. In these creavases
thin fillings of white macroscopicaly chlorite are observed, the genesis
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TABLE I
Chemical analysis of Fytia (Veria) chromite sample { massif type).
Cry0r, Alyr0, Feo* Mgo lotal Cr/Te
55.98 7.81 16.71 17.78 98.28 2.95

Analyst: G. Trontsios.

of which, must be connected with the lengthwise creavases alteration
given that the chlorite is not ohserved in the surrounding the ore ser-
pentine.

Using X-rays it is identified that this chlorite belongs to the poly-
type I of monoclinic cell symmetry (BROWN and BAILEY 1962). As
it is known (TROEGER 1967) this group includes chlorites rich in
magnesium and relatively poor in Fe++ and Fe+++ which derive
from the alteration of the ultrabasic rocks components.

The lack of chrom-minerals (uvarovite, kimmererite, fuchsite) in
the creavase is characteristic which is confirmed also from the absen-~
ce of chromium in the ereavase, as will be reported later.

For the investigation of the alteration lengthwise the creavases
of the mineral, we determinated by microanalyzer the distribution of
the elements chromium, iron, magnesium and aluminum usual compo-
nents of chromite, as well as of the elements silicon and calcium. Their
distribution was studied in the creavase and, the higher reflectivity,
rims of it, as well as in the rest not alterated chromitic grain.

The microanalyzer we used, belongs to the Deparfment of Mine-
ralogy and Petrology of the University of Thessaloniki and is a HITA-
CHI PERKIN-ELMER XMA 5B model. It is composed of the scanning
electron microscope, the analyzing system with three spectrometers
with two crystals each and the display system.

The distribution of an element on the observed surface is achieved
by searching the characteristic wavelength of pulse X-rays for each
element. The distribution of the elements also can be observed by line
analysis. The diagram may be taken in an oscilloscope image or by
recorder.

Before and after the observation pure metal standards were used.

For the identification of these elements distributions there were
taken for each of them, pulse X-ray image and line analysis image,

* 1t conserns the total iron, that is, it includs also the transformed in Fe+++,
Fet++ one,
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on the same position of the sample. After the observation of nume-
rous creavases in the sample, and the identification that all of them
showed the same distribution of the elements inside and around, pho-
tographs were taken of the distribution in a big and characteristic
creavase.

The resulte are indicated in the following photographs of which
the second is an absorbed electron image for thorough observation of
the creavase and its surroundings. For better distribution desecription,
we subdivided the alteration area in three parts, that is the creavase
(filled of chlorite as it was reported before), the rims composing the
alterated area with higher reflectivity and finally the zone, that is a
strip surrounding from hoth sides the rims of the creavase, and in which
there is only change of distribution of aluminum.

The results are given below.

1) Distmbution of chromium. (IFig. 3, 4). This is completely ab-
sent from the creavase, it shows an imperceptible (as proved from the
line analysis) increase at the rims and then an imperceptible decrease
in the zone and it ig distributed uniformly at the zone and the rest
chromitic grain.

Fig, 3. Cr-Ka. Pulse X-ray tmage 200X  Fig. 4. Cr-Ka. Line analysis. (LiF}
(LiF) P ~Creavcase X = Rims Z= Zone

2) Distribution of iron. (Fig. 5, 6). It shows a minimum In the
creavase then an inerease in the rims in relation to the rest of the grain
and equal distribution in the zone and the rest of the grain.

3) Distribution of aluminum. (Fig. 7, 8). Tt shows a minimun
in the creavase and its rims then a maximum in the zone and progres-
sively a decrease until a uniformal distrihution in the rest of the grain,
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Fig. 7. Al-Ka. Pulse X-ray image. Fig. 8. Al-Ka. Line analysis. ( RAP)
200X. (RAP}

4) Distribution of magnesium. (Fig. 9, 10). Tt shows a strong in-
crease in the creavase, a stight decrease in the rims and uniformal dis-
tribution in the zone and the rest of the grain.
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Fig. 8. Mg-Ka. Pulse X-ray image. Fig. 10. Mg-Ka. Line analysis.
200X. (RAP) ( RAP)
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5) Distribution of silicon. {Fig. 14, 12). It shows a strong increase
in the ereavase and an imperceptible one in the rims and it is absolu-
tely absent from the zone and the rest of the grain.

T
o
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o
el

Fig. 11. Si-Ka. Pulse X-ray image. Fig. 12, 8i-Ka. Line analysis (KAP)
200X. (KAP)

6) Distribution of calcium. (Fig. 13, 14) It shows uniformly in-
crease only in the creavase but rare presence in the rest of the parts.

Fig. 13. Ca-Ka. Pulse X-ray image. Fig. 14. Ca-Ka. Line analysis. (S10°)
200X. (Si0')

CONCLUSIONS

An increase of I'e and Cr-content with corresponding deecrease of
Al and Mg in rims surrounding a creavase in chromite, is a phenome-
non described up to now partially or totally by many investigators.
The present study contributes to the problem solution since the first
time (as at least we know from the existing literature) an inerease of
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Al-content 1s identified in a zone surrounding the rims of the creavase.
In this zone also a light increase in chromium is identified. Consequently
the aluminum of the rims, drived out, by the ridded, during the ser-
pentinisation or other hydrothermal aetion, ¥er++, immigrates 1o
the internal of the chromitic crystal, where drives out part of chro-
mium, that contributes lo the increase of chromium in the rim By
this supposition is interpreted and the inexplicable till now enriching
of the rimg in chromium during the serpentinisation, because as known
only iron can be ridded of by the serpentinisated olivine.

The distribution of the rest elements in the creavase, coincides
with the existence of chlorite in it, except the caleium which 1s due
to solution effect.

Finally the equal and constant distribution of calcium though
even in small ratio in the chromitie grain, shows that the calcium pos-
sibly enters in the formation of the chromitic crystal. In opposite case
we must admit the existence of regularly distributed submicroscopi-
cal inclusions of a calcarsous mineral and in such small ratio that it
can’t be identified even by X-rays, which is rather impaossible.
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TTEPIAHYH

DPAINOMENA METASOMATQXEQY ENTOZ XPOMITON
EK TOY KOITAZMATOZ OYTIAY BEPOIAZ

“Trd
A. ITATTAAAKH xai . ZKAABOTYNOT
(" Fpyactioov *Ogunrcioyie - Herpoloylag avemornuiov Oecoahovixns)

Merérn Bue puxpoovehuTol poypdy XpUSTERAGY ypwupitou, TANpLuUE-
vav e yAwplrou, & yelhn T6v dmotev mupousialovy dmhotépn dvaheoti-
ot CH wemevoush wév ovouyebev Smuxvber 8t td yeldy The poyvEic wa-
povcalouy plev atimow i mepexTinéTiTos elg ofdnoov xal ypduiov xed
play Erarrooy ele apyliitov nal povvioiov. [aepoddfiog mapetnpoliey &t
et wlay Lavny mepBdiiovon o yelhy drdpyst ule abinoi mhe meplextind)-
T0c elg &pyianov xol plo Shagppd petwols thg mepexTixdTyTas glg ypwwiov. "E-
mPeBouioliran 80ev &ti xatd thy osprevtiviwow B &y $8polepuidy Splowy
& amofadhbpevos oldnpog =lc Ta yelhn Exdidust dpytAhiov ol Lepuedls Wa-
vwihawov. T& gpyihatov petevaoteliel elg 16 EowTzpindv 7ol xpuotddieu Zu-
mhouTilov Thv Levny xod Exdiddixov peptxdds ypopiov, T dmolov xatémiy Ue-
tapdpetar elg ta yelhn. Il xazavoun téhec Tol dofeotiou Szuwvber é1i Tolro
mlavidg Aapfaver uépos elg Tdv oyMpaTIoUdY TV xpUoTEARGY Tel Ypwmuitou,
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