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A bstract. Opaque minerals occurring in selected Lower Silesian serpentinite samples from Gro-
chowa, Wiry, Bystrzyca Gérna and Jordanow were found to be represented by spinels of the spinel-ma-
gnetite-chromite series (Mg, Fe) (Al Cr, Fe),04. Two generations of these minerals — primary and secon-
dary —were distinguished on the ground of microscope study. Some, most probably, primary grains display
zoned structure. Their internal parts consist of primary dark chromian spinel of magmatic origin. Its com-
position can be expressed by the formula:

(Mg2*, Fegh, Mngt,)) (Al}%, Cro¥, Fegti) O,
These cores are surrounded by lighter coloured zones impoverished in Al and Mg and identified as ferrit-
chromite, exemplifield by the formula:
(Fez ¥, Mgdt, M2, Zngh) (Fei,, Critys Al ) Tig, O

0.58 0.07
The rims of these grains consist of magnetite containing but minute amounts of Cr, Mg, Ti, Aland Mn. Its
approximate formula is as follows:
(Feg%, Mgh, Mng%,) (Fet%, Crgfio Al Oy

0.82 17

These variations of chemical composition spinel— magnetite—chromite are continuous and gradual. Spinel
occurring in grains showing no zoned structures was found to be also ferritchromite. In the present authors
opinion this mineral is the product of internal reaction between the core and magnetitic rims of grains, ta-
king place during metamorphic processes, characteristic of this member of ophiolitic suite.

INTRODUCTION

Opaque minerals occurring in serpentinites are significant petrogenetic indica-
tors due to complexity and heterogeneity of their composition. Usually they are re-
presented by chromian <ninels of general formula (Fe,Mg) (Cr, Fe, Al), O4. Within
individual spinel grains we often observe alteration phenomena, consisting in gra-
dual impoverishment of the mineralin Mg, Al and also Cr, accompanied by an incre-
ase of iron content from the core to the margins. These margins often display higher
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reflective indices and are close to magnetitein composition. A special term of"t."crnt-
chromite™ (Spangenberg 194 3) has been proposed for alteration products of primary
chromian spinel, impoverished in Mg and Al D

There are several opinions on its origin. Many authors con sider it to be a product
of serpentinization (Spangenberg 1943 Miller 1953; Golding and Bayliss 1968, Be-
eson and Jackson 1969; Snetsinger 1973). Other students, of the problem are con-
necting its formation with pre-serpentinization stage (eg. Cerny 1968) or with mag-
matic alteration processes (Panagos and Ottemann 1966). Fairly justified is the opi-
nion that ferritchromite is formed subsequently to serpentinization, presumably d}x-
ring metamorphism of serpentinite body (Tex 1955; Engin and Aucott 1971; Bliss
and MacLean 1975). o

The available data on opaque mineralsin Lower Silesian serpentinites are, gene-
rally, limited to microscope descriptions and classical chemical analyses. Niskiewicz
(1979) distinguished primary and secondary ore minerals in fresh, unweathered ser-
pentinites from boreholes in the Szklary region. Chromite and primary magnetite
would represent the former ones, whilst secondary magnetite and haematite (being
the product of marthitization process) — the secondary minerals. Fine concentrations
of opaque minerals in serpentinite rocks from other regions of Lower Silesia were de-
scribed as secondary magnetite (Wierzchotowski 1960, Maciejewski 1963, Szumlas
1960). Horninger (194 1) and Spangenberg (1943) stated that Al-chromite (picotite)
is the essential ore mineral of Tgpadta (Radunia group). The occurrence of chromian
spinel, being a mixture of chromite and picotite was established by K. Smulik owski in
the Czarna Gora chromite deposit near Tagpadta (after Majerowicz 1981) and more
recently by Satacinski and Zawidzki (1983). During serpentinization considerable
part of Al and Mg migrates outwards toward the environs of spinel grains to form
opaque rims at the initial stages of alteration processes. Subsequently, the whole gra-
ins are getting opaque and their composition is intermediate between chromite and
magnetite.

MATERIALS AND METHODS

The serpentinite samples studied were selected from specimens collected in the
outcrops near Grochowa, Wiry, Bystrzyca Gorna and Jordanéw. Their mineral com-
position was determined using X-ray method. Preliminary identification of opaque
minerals was carried out by means of microscope study both in reflected and trans-
mittant light.

After disintegration of samples in agate mortar to the grain size below 80 um
they were enriched in magnetic minerals using magnet separation in aqueous envi:
ronment. The values of cell edge (a,) for spinels contained in each magnetic concen-
trate were computed by extrapolation up to the value @ = 9(° using the least squares
method. X-ray patterns were obtained using film technique at the TUR M-60 dif-
ge:’ctorr’let_er Iby‘applying filtered CoK, radiation in 114.6 mm camera, assymetric
im:uar?;?ﬁhevms method. Corrections for contraction and absorption were taken

]esl\/lllg; AI,XC_d: i Cr, Mn, Fe and Zn contents were estimated in three selected sam-
pies using A-ray microprobe analyzer ARL SEM?) in the Institute of Technolo
and Mechanization of Founding, Academy of Mining and Metall inC 4
acceleration voltage applied was 2 ; 2 e LU

&¢ applied was 20 kV and the sample current 150 UA. Samples
es of the following standards were used:

were covered with carbon dust. Spectral lin
, (CaK)), TiK,, CrK,, MnK,. FeS,(FeK,). ZnK,. The real concentra-

MgK,. AIK,. CaCO
tions of the al 0 ;
the above elements were computed by taking into account the proper correc-

tions for absorption of radiation (Philibert 1965), fluorescence (Reed 1965) and dif-
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ference of atomic numbers (Philibert and Tixier 1968). The contents of oxygen were
calculated as the difference between 100 per cent and total percentage of the remai-
ning elements.

When examining the sample SIN 5 a portion of magnetic fraction was additio-
nally treated with hydrochloric and hydrofluoric acids (at room temperature) and the
minerals thus separated were examined using X-ray diffractometry to determine
their a, values.

RESULTS

Mineral composition of the examined samples is presented in Table 1. Apart
from serpentine minerals they contain talc, tremolite, forsterite and quartz as major
components. Chlorite, magnesite occur in subordinate amounts. Besides, there al-
ways occur opaque minerals that has been examined using microscope analysis. The
results of this study of individual samples are detailed below.

‘Fable: L
Mineral composition of investigated rocks
Mineral composition
[Sample No Locality, type of the rocks
Main component ‘Accessory components
SGR-6 | Grochowa, Peridotite (borehole) Serpentine, Chlorite, magnesite,
Type 1I (Kubicz 1966) talc, tremolite, magnetite
forsterite
SGR-18 | Grochowa, Serpentinite Serpentine, Magnesite, talc,
Type IV (Kubicz 1966) quartz tremolite, chlorite,
magnetite
SW-1 Wiry, Serpentinite Serpentine, Chlorite, tremolite,
talc magnesite, olivine,
magnetite
SBG-1 Bystrzyca Gorna, Serpentinite Serpentine Mlagnetite. magnesite,
talc
SIN-5 Jordanéw, Serpentine Serpentine Magnetite

Sample SIN-5 contains two types of opaque minerals. The first is rep_resented by
larger grains of irregular shapes, up to 1 mm in size. In some larger grains 3 phases

were found to occur (Phot. 1): iy i S
I — dark gray isotropic phase showing reflectivity ca. 13%, forming internal

parts of the grains, R ; ; :
II — light gray, also isotropic phase, imming the former one and displaying hig-

her reflectivity (ca. 17%), 56 :
I — white, isotropic phase (reflectivity ca. 21 %) occurring close to fissures and

in outer parts of the grains.

The second type of opaques is represented by very small, drc.)p-shape_d,.elqnga-
ted, sometimes idiomorphic grains, 0.005-0.1 mm in size. Their reflectivity is ca.
21%. They occur in irregular aggregates, but some of them display parallel orienta-
tion, concordant with directed structure of accompanying silicate mm'eral..

Sample SGR-18 also contains two types of opaque minerals. The first is repre-
sented by evenly distributed, large, isometric, distinctly corroded and fissured grains,
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t. 2). The second type is represented by drop-shaped, locally
0.005-0.1 mm in size. Their aggregates are usually qbser\}'led
¢ thin fissures in opaque minerals (Phot. 3). Locally they form string-sha-
T G e (P Microscope studies have shown that these ag-

ed elongated aggregates (Phot. 4). s ha \ se
gpregates %ceur ir%gchlorite-carbonate veins. All the grains in question show similar

optical features. They are gray-white in colour, homogeneous and isotropic. Their
reflectivity amounts to ca. 17%. :

Samples SGR-6 and SW- 1 distinguish by the presence ofp‘redom'mantly one type
of opaques. Microscope observations in reflected and transmittant light have shown
the occurrence of large, irregularly shaped, usually strmg-sbaped grains. Sometimes
they are surrounded by silicate minerals (Phot. 5) or occur in chlorite-carbonate ve-
inlets. Besides, there aiso occur small drop-like grains, 0.005-0.1 mmin size. Optical
properties of all these ore grains are similar. They are colourless, isotropic and their
reflectivity varies from 17 to 20 per cent. ¢

In the sample SBG-1 opaque minerals, 0.1-0.8 mm in size, are evenly distribu-
ted. They are corroded, fractured and isometric in shape. In reflected light they are
gray, isotropic, showing reflectivity ca. 13%. In immersion we may distinguish two
phasesin these grains, slightly differingin reflectivity. Locally, at the margins of these
grains, we observe alteration into isotropic gray-white phase, showingslightly higher
reflectivity (ca. 20%). Apart from this type of grains, there occur segregations of
opaque minerals along the boundaries of silicate mineral aggregates (serpentine —
Phot. 6). In reflected light they are isotropic, gray-white in colour, showing reflecti-
vity ca. 20%.

0.1-1 mm in size (Pho
isometric small grains,

Tabhile 2 Falbiliess
Cell parameter (ao) of magnetic mineral X-ray reflections and interplanar spacings of the
mineral separated by acid treatment from ma-

Sample No ao[A) gnetically enriched concentrate (sample SIN-5)
SGR-6 8.382+0.004 I d[A] hkl
SGR-18 8.390+0.001
SW-1 8.394+0.002 2 4.76 111
SBG-1 8.45 £0.07 1 291 220
SIN-5 8.394 +0.005 10 2.48 311

1 1.68 422
1 1.58 888 ISkl
3 1.457 440
1 1.235 533

ao = (8,1340,05) A

: O.pngal properties of opaque minerals occurring in serpentinite rocks in ques-
tion indicate them to represent spinels of the spinel-magnetite-chromite series.
Their chemical composition was till now —not exactly known. The shapes and forms
of grains of these minerals suggest the presence of various genetic types. In general
they can be subdivided into primary and secondary generations. The first group is re.
g_rhesented.by opaques formed during the origin of primary host rocks — peridotites.
(P}fgt a;;: g(éggér‘lc. in shlape, corroded, generally evenly distributed in the matrix
ol L S, irregular aggregates of small, drop-shaped or idiomorphic grains,
enelpg inc glons wnhm olivine crystals (Phot. 3) can also be assigned to primary
gre C;?];%néredp%qge] mlnergls generated during alteration processes of ultrabasites
aggregétes v Semor:]g tosecondary generation. They are represented by irregular
2 e d)(/i Jall grains, grouping along cleavage planes of transparent mafic
med during their alteration processes (eg. uralitization). Secondary mi-
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nerals form small and larger grains of irregular, string-shaped habit (occurring within
chlonte-carbo_nate veinlets — Phot. 4), as well as secretions along the borders of
transparent rpmerals (Phot. 5, 6). The latters are probably connected with metaso-
matic gltergnon of peridotites. It should be emphasized that it is not always possible
to distinguish the minerals of these two generations.

Because of intimate intergrowths of opaque and serpentine minerals, it was im-
possible to separate pure magnetic spinel grains. The obtained concentrates were
containing but 30 to 70% of it. Cell parameters of these minerals are presented in
Table 2. Three of them (samples SGR-18, SW-1 and SIN-5) are characteristic of
magnetite, whereas that of sample SGR-6 (8.382+0.004 A) is intermediate in value
when compared with a, characteristic of magnetite and chromite. Because of high
admixture of serpentine, the data for the sample SBG-1 are not precise. Cell edge
value computed for magnetic concentrate of the sample SIN-5 was found to be:
ao=8.394+0.005 A i.e. typical of magnetite. After etching this concentrate with
hydrochloric and hydrofluoric acids (at room temperature), a typical cell edge para-
meter of Al spinel (8.13+0.05 A) was obtained. The corresponding X-ray data are
detailed in Table 3. Lack of characteristic reflections of Al spinel is, probably, due to
low content of this mineral in the primary concentrate.

Electron microprobe analyses of large opaque mineral grains in the sample
SJN-5 have shown the occurrence of three phases in them. These phases have been
already described in the discussion on the results of microscope study. Moreover, si-

Table 4
Electron microprobe analytical data (in weight %)
SIN-5
Sample No SGR-6 SGR-18
Phase I Phase II Phase IIT
TiO, 0.05 0.3 0.1 0.2 0.5
Al, O; 38.4 4.7 189 0.8 0.4
Cr,0; 24.6 23.4 3.4 2559 20.9
Fe, 05 8.1 42.6 65.3 44 4 48.0
FeO 9.4 L9 26.5 22.2 2547
MnO 0.3 22 0.4 0.6 0.5
MgO 18.2 6.6 2.8 1) 3.0
ZnO 0.2 0.2 0.00 0.2 0.1
CaO 0.00 0.00 0.00 0.00 0.00
Total 99.3 9911 999 99.8 99.1

milar analyses of microscopically homogeneous grains in samples SGR-6 and
SGR-18 have been carried out. The selected data, representative of individual pha-
ses, are presented in Table 4.

On the ground of these analyses we may distinguish three following phases within
large grains of opaque minerals occurring in serpentinite of Jordanow:

1. Homogeneous phase I of the core parts of grains in question, consisting of
chromian magnesiospinel of the composition:

(Mg, Fegt, Mng,) (A% Crgi, Feg ) O,

2. Intermediate zone consists of phase II, considerably differing in composition
from that of the core. Itis much lowerin Al and Mg and this deficit is compensated by
increased iron content, both as FeO and Fe, O3. We observe also some increase of Ti
and Mn contents whilst that of Cr remains nearly constant. Crystallochemical for-
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mula of typical spinel of this zone can be expressed as follows:
2+ 2+ 24 24+ 34+ 3+ A3+ s
(FeZt,MgZt Mn2i, Zn2%)) (Fed*,, Crots Algo) Tigh, o,

3. The outer zones of the grains under consideration consist of the phase III, dis-
tinctly enriched in FeO and Fe, O;. Simultaneously, the iron is more oxidized when
compared with the core and the intermediate zone. Besides, we observe considerable
decrease of Cr content and, less pronounced, of Al and Mg. Ti and Mn contents are
close to those in the phase I. This phase can be defined as magnetite containing Cr,
Mg, Ti, Al and Mn admixtures. Its typical formula can be presented as follows:

(FEE 7, MigZs NiE ) (Re, (O AR

1.84 0.10 0,06)04

The variations in percentual contents of five major oxides i.e. FeO, Fe, O3,
Al, O;, Cr, 03, and MgO from the core (phase I) through intermediate zone (phase
IT) to the margins (phase III) in larger grains of spinel opaque minerals in serpentini-
tes of Jordanow are presented in Fig. 1. On the other side, chemical composition of
microscopically homogeneous spinel grains (Table 4) can be expressed by the follo-
wing formulas:

a) sample SGR-6:

(Fegie Mgt Mn2¥, Zn2+ ) (Fets CrtA) O,
b) sample SGR-18:
(Feg’s, Mg, M) (Fedt Crd%, A% Tit, O,

DISCUSSION

The phenomenon of variation of chemical composition of chromian spinel grains
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from their cores to the margins was already reported for different serpentinite occur-
rences (Simpson 192(); Tex 1955, Miller 1953; Bliss and MacLean 1975), as well as
for some non-serpentinized rocks that have been subjected to elevated temperature
after chromite crystallized, such as xenoliths and xenocrysts in alkaline basalts
(Frisch 1971; Evans and Moore 1968; White 1966; Muir and Tilley 1964).

As far as Lower Silesian serpentinites are concerned, this phenomenon was re-
ported first by Spangfznberg (1943) and Horninger (1941). The contents of Fe, O;,
FeO, MgO and MnO in chemical analysis presented by Spangenberg for Al-chromite
from Te}padla (Radunia group) are similar to those in the phase I of Cr-spinel from
Jordan6w. The latter contains less Cr, O; but more Al, O;. When compared with
analyses of other chromian spinels (Simpson 1920; Pavlov 1949; Dede 1960; Shi-
lova 1977; Caricin 1977; Bliss and MacLean 1975; Majerowicz 1981) our spinel
phase I is lower in Cr and divalent iron but higher in Al and trivalent iron.

MgCr, O, FeCry0, MgFe,0, Fe;0,
T r . el
L A.J
0o8r o8t i
s - as
06 06 ‘2“: ]
u o
= L L J
t 2
SEOL + our silie
S S :
™ 5 ~ 4
[ b
02 02} d

MgAl,O, 08 06 O&4 02 FeAlO, MgCpO, 08 06 04 02 FeCrO,

Mg/Mg + Fe Mg/Mg+tFe
————— A
B .................... D
—— . — C

Fig. 2. Variation diagrams showing the trend of ferritchromite alteration in azoned chromian spinel.
Large point corresponds to chromite core, the small to ferritchromitic margin. Triangles —analy-
ses of chromian spinels from Lower Silesian serpentinites: 7,2,3 —phases I, IT and III of the sam-
ple SIN-5; 4, 5 — samples SGR-6 and SGR-18 respectively. Other symbols — composition of
chromian spinels from: A —layered intrusions; B — Alpine-type intrusions; C —ultramafic nodu-,
les; D — Mid-Atlantic Ridge serpentinites. A, B,C —after Irvine, (1967); D — after Aumento and
Loubat (1971)

! Points — analyses of Cr spinels from Manitoba (Bliss and MacLean, 1975).
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ariation trends of ferritchromite, including the data for
a zoned chromite from Central Manitoba deposit (Bliss and MacLean 1975) is
presented in Fig. 2. Moreover, variation fields of chromites from Ia)(/jerled lfltrc;,lS;OnS,
alpine-type intrusions (metamorphic peridotites), ul.trar'naf!f: nodu ’egl ddn‘ rom
serpentinites of Mid-Atlantic Ridge are marked in this diagram. Detailed inspec-
tion of this diagram leads to the following conclusions: e

Chemical composition of chromian spinel (phase I) from serpentinite pf Jorda}-
n6w is the same as that from alpine-type instrusions (metamorphic peridotites). Itis
also very close to typical spinel from ultramafic nodules. A comparison of analyses of
ferritchromite and magnetite, forming rims surrounding chromian splnel grains of
Manitoba, and of those of the phases II and IIT in Cr-spinel of Jordan6w, as well as
for samples SGR-6 and 18 of Grochowa, clearly indicates that the character of these
alterations is similar. It is, thus, concluded, that this change of chemical composition
is due to diffusion migration of AI’*, Cr** and Mg*" cations from spinel phase to its
environs, whereby iron (Fe?*, Fe**) and Ti** replace the above cations, migrating
towards the centre of grains. Such outward diffusion of Al and Mg from spinel phases
to surrounding silicate minerals, accompanied by simultaneous diffusion of such ca-
tions as Ti**, Ca®* from the environs to spinel phase has been found to occur also in
minerals of the magnetite-ulvospinel group (Prevot et al. 1968; Hubicka-Ptasifiska
and Jasienska 1971).

Spinel of the phase II in zoned grains and that occurring in homogeneous grains
(eg. samples SGR-6 and -18) can be defined as ferritchromite.

Following the opinion of many authors, serpentinization conditions are not
sufficient for the origin of ferritchromite. They can merely result in the formation
of secondary magnetite rims around chromian spinel grains (Bliss and MacLean
1975). According to these authors, ferritchromite is a typical product of regional
metamorphism. From plate-tectonic viewpoint such metamorphism may take pla-
ce already at deeper parts of divergent plate margins i.e. before an orogenic phase.
Consequently, the occurrence of chromian spinel, ferritchromite and magnetite
in Lower Silesian serpentinites strongly suggest that these rocks were also subject
to metamorphism and, in this respect, closely resemble the lowermost member of
an ophiolitic association.

Diagram showing v
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Wojciech PRZYBYLOWICZ, Maria HUBICKA-PTASINSKA

7Z BADAN MINERALOW NIEPRZEZROCZYSTYCH
W SERPENTYNITACH DOLNEGO SLASKA

SiteSZiczienule

W pracy przedstawiono wyniki badan mineralow nieprzezroczystych p_ochpdzeg-
cychz wybranych serpentynitow Dolnego Slqska (zodkrywek w Grochowej, Wirach,
Bystrzycy Gornej i Jordanowie). Ogdlnie biorac, sa to spme]q szeregu spme]-ma-
gnetyt—chromit o ogélnym wzorze (Mg, Fe) (Al, Cr, Fe), 04..Mlkr0’sk0p0v.vo stwier-
dzono wystepowanie dwoch odmian genetycznych tych mineralow — pierwotne]
i wtornej. Niektore ziarna okreslone jako pierwotne wykazuja strefowe zroznicowa-
nie. Wewngtrzne czgsci ziarna stanowi pierwotny, ciemny spinel chromowy pocho-
dzenia magmowego, ktorego przyktadowy wzor chemiczny jest nastgpujacy:

(il Fer:).':: M n(zv.‘m) (A‘f,‘:s Cri‘).‘u FC;}'].’,) 0,

Jest on otoczony jasniejsza strefa zubozong w Ali Mg, okreslong jako ferritchromit,
o przyktadowym wzorze chemicznym

(Fe(z).-SH Mg(z)KS MI](Z).‘O_"Zn(-’JA‘O]) (Fe‘lx:lj Crg.‘()S AI&‘ZO)TiajOl OJ
Obrzeza ziaren tworzy magnetyt zawierajacy nieznaczne domieszki Cr,Os,
MgO, TiO,, ALO; i MnO. Przyktadowy skiad chemiczny magnetytu —
— (Fef s, Mgy, M”(Z).‘m_) (Feis, Cl‘;}_'mAlf,.'m,) 0, ; '
Zmiana skfadu chemicznego spinel-chromit-magnetyt nastepuje w sposob ciagly
i stopniowy. Spinel wystepujacy w ziarnach nie wykazujacych strefowego zréznico-
wania mozna takze uwazac za ferritchromit. Ferritchromit powstaje w wyniku reak-
¢ji zachodzacych pomiedzy jadrem ziarna i magnetytowym obrzezem podczas me-
tamorfizmu regionalnego.

OBJASNIENIA FIGUR

Fig. 1. Zmiana udziatu procentowego (% wagowy) pigciu podstawowych tlenkéw (FeO, Fe, O, Al, (0
Cr; O3, MgO) przy przejsciu od jadra ‘
3 ”“.“ 1) przez \lrc!.g; przejsciows (faza I1) do obrzezy (faza I11) ziarna mineratu nieprzezroczystego w serpentynicie z Jordanowa
Fig. 2. Diagramy zmiennosci pokazujace kierunki zmian skiadu chemicznego ferritchromitu w spinelu
chromowym wykazujgcym strefowe zréznicowanie. Punkty oznaczajg analizy wykonane dla spi-

neli chromowych z Manitoba (Bliss i MacLean, 1975) .

l)u‘/_\v punkt oznacza jadro chromitowe, mniejsze punkty oznaczaja ferritchromit. T 16 jkaty —analizy spineli chromowych z serpen-
tynitéw Dolnego Slaska: /, 2, 3 — fazy I I1i 11T probki SIN-5; 4, 5 —probki SGR-6 i SGR-18. Pozostale symbole — skiad spineli
chromowych pochodzacychz: A — intruzji warstwowych; B —intruzji typu alpejskiego; C —soczew ultrazasadowych: D — serpen-

tynitow Grzbietu Sr{’)(lzsllznnx)ckicg(\. A, B, C - wedlug Irvine (1967); D — wedlug Aumento i Loubat (1971)

OBJASNIENIA FOTOGRAFII

Fot. 1. Probka SIN-5. Fragmentziarna miner: ieprz TanAl
el ragmentziarna mineratu Meprzezroczystego zawierajacego trzy fazy. Swiatto od-
Fot. 2. Prébka SGR-18 Ksztatty i for ien pi
a - Ksztatty my skupien pierwotnych mineral ieprzezroczystycl ic
e [};rlcch()dzqcc_ i b Yy sKupien pierwotnych mineratow nieprzezroczystych. Swiatto
3 35 5bka SGR- N T A T AT A . 2 + .
: ,n,)hk% SGR-18. Skupienia malych ziarn mineratéw nieprzezroczystych w minerale krzemiano-
oy ;;}’nll-kl \:lutlo przechodzace. | nikol, 50x
Ot 4. Probka SGR-18. , Sznurkowate” w dzi i i 0 i ;
s i R0 DT ydzielenia mineraléw nieprzezroczystych w zyle chlorytowo-
weglanowej. Swiatto przechodzace. | nikol, 110x . b . %
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Fot. 5. Probka SGR-6. Mineraty nieprzezroczysté otaczajace mineraly krzemianowe. Swiatlo przecho-
dzace. | nikol, 50x

Fot. 6. Probka SBG- 1. Wydzielenia mineralo w nieprzezroczystych wzdtuz granicy agregatow serpentynu.
Swiatlo przechodzace. | nikol, 50x

Boduyex [MUNBBITIOBUY, Mapua XYBULKA-INITACUHLCKA

UCCNEANOBAHMNE HEMNPO3PAYHbIX MWHEPANOB B CEPMEHTUHUTAX
HWXXHEWU CUNE3NN

Pesome

B paboTte n3noxeHbl pesynbraTbl UCCNeA0BaHUN HENPO3PayYHbIX MUHeEpPa-
noB 13 BbiIbpaHHbix cepneHTnHnToB HuxHen Cunesnmn (n3 o6HaxeHu B [po-
xoBoW, Bupax, Beictwuubl N'ypHoi n MopaaHose). B ocHOBHOM, 3TO WNUHENb
“3 pAda WNuHeNb—MarHeTuT—xpomut ¢ obwei dopmynon (Mg, Fe) (Al, Cr,
Fe),04. MoaA MUKPOCKOMOM OTMEYEHO HanMyue ABYX FEHETUYECKUX PasHo-
BUAHOCTEN 3TUX MUHEPaNnoB —MNepBUYHOM U BTOPUYHOW. B HEKOTOpPbIX 3EPHaX,
onpeaeneHHbIX kak nepBuUYHble, Habnoaaetca 30HanbHOe CTpOeHwe. BHy-
TPEHHAA 4acTb 3EPHA COCTOUT U3 NEPBUYHON TEMHOUBETHOM XPOMUWNUHEeNu
MarmoBOro reHeauca, ¢ MPUMMEPHON XUMUYeckoin popMynou:

(MigzesBeat N In2ss (AR G SIEC RO

Co.22 0.01 1.28 0.17
OHa obpamneHa 6osee cBeTnov 3oHoi y6oroi B Alu Mg, onpeaeneHHou kak
heppUTXPOMUT C MPUMEPHON XUMUYECKON DOPMYION:

(Ee2 t Mg Mn2%. Znis ) (Bed v Grat A OHIEISHOR

8 0.3 0.07 0.01 {1 ) 0.65 0.20 0.01

Kaemky 3epHa 06padyeT MarHeTuT, coaep>aluini HE3HaYnTEeNbHbIE NpUMecH
Cr,05, MgO, TiO,, Al,03 1 MnO. MpuMepHbIN XUMUYECKUW COCTAB MarHeTuTa:
(Fcl+ MUZ+ Mn[Z).T)I)(ch-‘— (‘r(:))f](lAl(S).‘(.)ﬁ)OA

0.82 80.17 1.84
M3aMeHeHMe XMMMYECKOro coctaBa LWNUHENb—XPOMUT—MarHeTura npouncxo-
[UT HenpepbiBHO 1 nocteneHHo. WnuHens, o6pasylowan 3epHa 6e3 30Hanb-
HOrO CTPOEHMA, MOXET GbITb NPUHATa 38 PEPPUTXPOMUT. ®eppnUTXPOMUT BO3-
HUKaeT B pe3yfbTaTe peakumu, MPONCXOAALLEN MEXAY AAPOM 3€PHa U MarHe-
TUTOBOW KAEMKOM B NPOLECCe PErMOHanbHOro MeTamopusma.

OBbACHEHUA K OUIYPAM

®ur. 1. NameHeHne NpoUEHTHOro coaepxaHua (% Bzcoaoﬁ) NATM OCHOBHbIX okucnos (FeO,
MgO) npu nepexoae OT AApa
:;eaza(a)?)l wﬁ;l)ze?r?:eiz?:;»o :u?ny )(d)aga 1) k f()aeMKe (cpasa Il) 3epHa HENPO3PAYHOTO MUHEPaNa B CEPNEHTUHWTE U3
n aHosa
Qur. 2 ﬂo:grpaMMbl 3aMeHAeMOoCTHn, NnokasbiBatowme HanpaeneHmnv MSMGHGHT*RN’\);V::I\:;;:::ZFMO
cocrtaBa dJepleTxpOMlATa B XpOMLUﬂMHeﬂMXapaKTeDMSYDOLLI.eVICH 30Hanb - 8 1975).
Touykn 0603Ha4alOT aHanuabl XpOMLUﬂMHeﬂM 13 MaHuTOObbI (no Enwccy ] aKnNuHuy aHa:
KpynHOW TOuKO# 0603Ha4eHO XPOMUTOBOE AAPO, MEHbWUMKU — eppuUTXpomur Tpeyronnnnxam: o:oaumﬁer::GR-s
NM3bl XPOMWNWHENWU U3 cepneHTHUTOB HikHen Cuneann 7,2, 3 —cpasnl |, 11, Il n—poﬁu SJN-5, fids npobbl e
1 SGR-18. OcTanbHbIe CUMBONbI — COCTAB XPOMWNWHEN W OTOBPAHHON U3: A — NOCNORHBIX UHTPYIUM, B8 — MHTpy3uK ansd
NUACKOTo TUNa, C — ynbTPaoCHOBHbIX NUH3, D — CEPNEHTUHUTOB CpeauHHo — ATnaHTyeckoro Xpe6ra
A, B, C —no WUpeuHy (1967); O— no AymeHrTo n NoyGary (1971)
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Qoo 1.
Qoo 2.
®oro 3.
Qoo 4.
®ot0 5.

®oro 6.

OBBbACHEHMA K ®OTOTPAOUAM

Mpo6a SIN-5. OparmeHT 3epHa HenpO3paYHOro MMHepana coaepxaluero Tpu dasbl.

OTpaxeHHbInt ceeT, 450X
Npo6a SGR-18. ®opMbl cKONNEHMM NEPBUYHBIX HenpoapayHbix MUHepanos. 1poxoas-

wwmn ceet. 1 HUKoONb, 50X
Mpo6a SGR-18. CkonneHna manbix 3epeH HenpoapayHbIX MUHEP

muHepane. Mpoxoaawui ceeT, 1 HAKOIb, 50%
Mpo6a SGR-18. BepesoyHble BblAENEHUA HENPO3pPayYHbIX MUHEP

HaTHOWM xwune. Mpoxoaawwnit ceeT. 1 HUKONb, 110x g
MNpo6a SBR-6. Bbiaenexna Henpo3payHbliX MUHEPANos, okaMnaWwme CUNMKaTHbie MU-

Hepansl. [poxoaAwmii ceet. 1 HUKONb, 50X
MNpo6a SBG-1. Boiaenexna Henpo3payHbix MAHEpanos BAOML TpaHULbI arperaToB cep-

neHTMHa. Mpoxoaswwui ceeT. 1 HUKonb, 50X

anoB B CUWIINKATHOM

anos B xnopuT-kapbo-
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PLATE 1

Phot. |. Sample SJN-5. A fragment of opaque mineral grain consisting of three phases. Reflected light.
450 G

Phot. 2. Sample SGR- 18. Shapes and forms of aggregates of primary opaque minerals. Transmittant light.

One nicol, 50x

Wojciech PRZYBYLOWICZ, Maria HUBICKA-PTASINSKA — Study opaque minerals from some
serpentinites of Lower Silesia (Poland)
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v ' ; y Phot. 5. Sample SGR-6. Opaque minerals surrounding silicate mineral grains. Transmittant light. One
Phot. 3. Sample SGR- 8. Aggregates of small grains of opague mincralsincluded insilicate. Transmittant oINS 05

light. One nicol. S0X
" o
: ~M,

’ ¢ “ v
net ~
Lo

Phot. 4. § oSG Phot. 6. Sample SBG- I. Secretions of opaque minerals along the boundaries of serpentine aggregates
101, Laample - $ mno . > s - . . . <
ple SGR-18. String-shaped secretions of opaque miner: I Iransmittant light. One nicol, 50X
i paq als in chlorite-carbonate veinlet &
ransmittant light. One nicol. 110x > ;

Wojciech PRZYBYLOWICZ, Maria HUBICKA-PTASINSKA — Study opaque minerals from some
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