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Abstract: At the beach of Loutra Eleftheron near Kavala (Creece) and for a distance of
more than three kilometers appear concentrations of heavy minerals in sands forming Black
Sands. These formations are highly radicactive. Light minerals {quarts, feldspars, calcite,
mica) from these Black Sands were separated and the rest studied optically under the
ore micrascope {polished sections} as well as under the usual polarization micrescope
(thin scetions ). The minerals were also examined with X-rays and microanalyzer. These
cxaminations showed that from the opaque heavy mincrals the following are main con-
stituents of the Dlack Sands: magnetite, goethite, lepidocroecite and hematite, In small
quantities there exist also routile, ilmeniie, pyrolusile, psilomelane, and sparsely wolfra-
mite, cassiterile, uraninite and natural gold. Besidcs these were observed pyrite formations
as “Framboidal Pyrit” and artificial products in significant amounts {Artifacts}. They
are slags from ancieni foundries consisting greatly of sheleton-like crystals of magnetile
forined in silicate glass (artificial}. From thc transpareni heavy minerals were observed
orthite, epidote, garnets, hornblende (hanslingsite) sphene and sparsely sircon and
nionazile.

The detailed investigation of the optical and other constants of these minerals allow
guesses as to the eonditions of their genesis, Opinions are also expressed aboul their origin,
i.e. which were the formations from which these minerals were derived and later were
earried to the sands. Magnetite was mainly formed pneumalelylically-metasomatically
in the contact zone of granile with caleitic roeks. The goethile-lepidocrocite grains which
aliways show regular interchanges between these two minerals in the form of gel structure
with intersections of small pyrolusite crysials, were formed secondarily in gossan of
B.P.GG. sulphide ores for of pyritc). Hemalite, appearing in lamellae with or without
quartz, was formed hydrothermally in veins connecied genetically with the granite of
Mount Symoolon. The mincrals wolframite and casstierite were formed in pegmaltitic-
preumalolytic veinrs connected genctically with the same granite. For all the above for-
mations 18 suggesied u sustemalic mining research of the larger district of Black Sands
and mainly of the district around the limits of granite of the Symvolon mountain.

The occastonally appearing araninite derives from hydrothermal ceins connected
genetically with the granite. The very small praportion in which the mineral exists in
the Black Sands does not sugggest any economically exploitable veins. The same can be
said about the gald sparsely appearing In hydrotherral quartz. The radioactioity of
Black Sands is due except to the sparsely and in some only samples appearing uraninite,
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is due to sphene, rutile, zircon and monazite which include radioactive elements, Opinions
are expressed for both the conditions of genesis and origin of transparent heacy minerals.

INTRODUCTION

The term Black Sands is applied {(Bateman 1951) to local enrich-
ments of some sands in heavy minerals, among which magnetite and
other dark coloured mineralg are responsible for the characteristic black
colour. Such formations appear at the seaside and are due to selective
withholding of heavy minerals in the zone of tide waves. Many times they
consist ore deposits of cassiterite, magnetite, sphene or rare minerals
(monazite). Besides their use as ores, they are often iudications abont
the existence of ore bearing concentrations at the district around them
especially when they are far from the mouths of rivers carrying materials
from other districts. Black Sands in Furope are found in some beaches
of the Mediterranean (Evr-Hinsawr 1964} and of Black Sea (PETRAsSCHEK
1961). In Greece the existence of Black Sands is known in the coast of
Loutra Eleftheron, Kavala. This occurrence extends for three and more
km in length, with 3-8 m in width and varying depth.

Their proportion in heavy minerals ranges between large limits.
Down to this coast reach the southern slopeg of Mount Symvolon and
the whole morphology of the distriet is characterized from the lack of
rivers able to carry materials from other areas. So the study of the Black
Sands of Loutra Eleftheron, Kavala, besides their importance as a local
appearance, give indications about the presence and the conditions of
genesis of ore bearing concentrations in the Mount Symvolon district.

The geology of the Mount Symvolon district is characterizedby
the existence of three systems:

1. The metamorphic background, consisting of gneisses, mica
schists, rarely amphibolites and intersections of marble, belonging to
the metamorphic mass of Rila-Rodope (KockerL und WartHeR 1968).

2. The granitic intrusion of the Symvolon mountain with the corre-
sponding parimagmatic, apomagmatic and telemagmatic ore depogits
or occurrences. According to Osswavt (1938) this is tertiary and accor-
ding to FiscHER (1964) it shows a clear metacrystalline distortion.

3. The overlying sedimentary rocks of Neogene, for which no study
exists nor indicated on the geological map of Greece (Irey 1954). Obvi-
ously, the greater part of the heavy minerals is derived from the two
first systems.

For the study of the heavy minerals of the Black Sands they were
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separated from the light minerals (quartz, feldspars, calcite, mica) and
polished sections as well as thin sections were prepared. Besides the
study of the polished sections under the ore microscope and that of thin
sections under the usual polarizing microscope, additional study has
been carried out on some minerals by X-Rays and by microanalyses.
The results and the conclusions are exposed in details in the following
sections.

B. Opague MINERALS
Magnetite

It is the main constituent of Black Sands and it amounts up to 30-
-409%, of their heavy minerals. The characteristic colour of the sands is
due to magnetite. It is easily distinguished macroscopically. In thin
sections under microscope it appears as euhedral erystals, of 2-3 mm in
size or as round grains of dilferent size. Some times this grains are altered.
The type of this alteration is irregular and usually is limited to the rim
of the grains. Consequently this has nothing to do with the replacement
of another phase, as for example in the case of an exsolution product or
of a myrmekitic intergrowth. Cataclastic phenomena of the graing
and twinning (or multitwinning) due to stress were not observed.

The colour of the sections is grey with a clear brownish tint. Brow-
nish pink tint was never observed as it happens in magnetites including
a significant quantity of titanium in solid solution. Moreover, the study
of the sections in the microanalyzer (Fig. 71} showed that the quantity
of Mn in the structure is rather high, (Fig. 72} in contrast to the traces
of Ti present {Fig. 73).

Characteristic is the absence of exsolved minerals such as ilmenite,
hematite (not martite), spinels etc, which is so usual in magnetites of
orthomagmatic origin. The polished sections of the minerals show the
usual moderate reflectance. Besides, all the sections appear isotropic,
which shows that there are no submicroscopic inclusions as irregular
mixed crystals {Ramponr 1975) or other factors cansing internal ten-
sions,

A constant rule in all the samples of the mineral forms is the existe-
nce of martitization phenomena. In most samples martitization has just
begun, (Fig. 1, 2) but in some cases it has quite progressed or very much
developed. This martitization appears in the form of tabular (0001) small
crystals of hematite arranged parallel to the (111) faces of magnetite
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(Fig. 3, 4, 7). Usually martitization is limited or is connected with the
border of the magnetite grain or with breaks crossing it. This martiti-
zation must have taken place in temperature lower than that ol the
magnetite formation, Nevertheless it is not a martitization due to alte-
ration conditions, since nowhere occurs with martite geothite or lepido-
crocite, even in traces. According to CoLoMBo ete (1968} the oxidation
of magnetite never takes place directly to hematite but comes through
an intermediate stage. If the structure of magnetite is not entirely order-
ed, it can easily be oxidised to vy - Fe,0,. Since in the samples under
examination no maghemite (y - Fe,0;) was observed, we may conclude
that the case of the not entirely ordered magnetite does not appear here.

In the magnetite grains sometimes are observed intergrowths wilh
other minerals (Fig. 2, 5, 6). The intergrowth with calcite predominate
and calcite can appear as inclusions in magnetite. In one case was obser-
ved deposition of magnetite in the (1011) cleavage of calcite (Fig. 5, 6).
Such phenomena have great importance for finding the origin conditions
of magnetite. Intergrowths with other minerals were also observed,
mainly with horhblende, rutile and sphene, but they are limited.

As regards the origin of magnetite, which occurs in great gquantity
in the Black Sands, bearing in mind all its above characteristics described
in detail, we conclude that ils greater part was derived from one (or
more) existing pneumatolitic contact matasomutic magnetite ore de-
posits in the district. This {(or these) must occur in the contact zone of
Mount Symvolon granite with marble (or limestone). This is deduced
from the relatively low temperature of its formation, as it is shown from
the absence of exsolution phenomena and the lack of not exsolved ti-
taninm in its grains. Finally, the frequent intergrowths with calcite lead
to the same conclusion. A small part of the mineral’s grains, especially
its exceptional enhedral sections, probably derive also from the granite
constituents, that is, it may be an orthomagmatically produced magne-
tite during the original crystallization of the magma.

From an economical point of view, it is not easy to churacterize the
Black Sands as deposits of magnetite or iron in general. Of course, if
we consider the surface extention of the Black Sands, their depth and
the percentage of magnetite, we come up with an amount of some hun-
dreds of tones of iron ore of good guality, which could be extracted by
magnetic separation. However this quantity is considered as small for
such a separation unit plant. But on the other hand the magnetite inside
the sands shows, as was exposed above, the existence of ore deposits or
occurrences in the district of pneumatolytic contact metasomatic origin.
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So a magnetic research of the district is needed to discover them and
asset their possibilities for exploitation.

(GOETHITE - LEPIDOCROCGITE

These minerals, which occur as constituents of limonite, are both
dealt with here, because in the Black Sands are always observed inter-
growths of these two minerals. As constituents of the Black Sands the
intergrowths of goetite - lepidocrocite occupy a significant proportion,
between 309%, and 409, sometimes even 709, of the heavy minerals.
They appear as round or ellipsoidal grains, which in polished sections
under microscope show an impressive image of regular interchanges of
the type of gel texture and in a great variation of forms and shapes (fig.
8, 9, 10, 11, 12, 13, 14). In the regular interchange takes part goethite
which predominates in quantity, and lepidocrocite, with thin dark bands,
intersecting them many times. With a high magnification these dark
bands are seen to be empty spaces (Fig. 9, 10). The regular interchange
18 not random. 1n most cases 1t follows a certain orientation and especi-
ally two perpendicular directions (fig. 13). In some sections these two
directions appear to intersect obliquely (Fig. 14). In many grains of
goethite - lepidocrocite are observed some remains of pyrite crystals
(Fig. 15) covered again regularly by the interchanges of the above mi-
nerals. In some cases are also observed remains of other sulphides, mainly
chaleopyrite. Finally in several cases it was observed that in the regular
interchange of goethite-lepidocrocite there exist as third member, a mi-
neral with strong bireflectance and very strong anisotropy. 1t is pyro-
lusite {Fig. 16, 17) which takes part in these rhylhmites as small cry-
stals. Sometimes it occupies the center of the rhythmites.

Goethite appears, as it was mentioned, in a larger proportion.lt is
gray with a slight bluish tint and a very weak bireflectance, which howe-
ver changes from grain to grain and sometimes even in the same grain
of the various rhythmites. It is easy to observe under crossed Nicols
internal reflections of brownish-red colour. Their distribution, however,
varies largely in the differenl rhythmic zones, fromn total absence to
numerous internal reflections. Lepidocrocite is gray and is easily distin-
guished due to its stranger reflectance and (under crossed Nicols) its quite
stronger anisotropy. -

Reflectance, bireflectance and anisotropy differ from one rhythmic
zone to the other.This shows that the two minerals mix further in submi-
croscopic scale. Using oil immersion the distinction of the two costitu-
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ents is easier, because lepidocrocite takes a gray-greenish tint. lts in-
ternal reflections appear with a slightly darker colour than that of

goethite.
The way in which these two minerals occur, that is in rhythmic

interchanges following two nearly perpendicular directions with inter-
sections of pyrolusite and surrounding pyrite remains or other sulphi-
des, shows that they derived mostly from changes in preexisting pyrite
or occasionally chalcopyrite or other iron sulphides with manganese
paragenesis, The two perpendicular directions (fig. 13) correspond to
the (100) cleavage of pyrite, a direction along which it 1s easily affected
by alteration plienomena to ollier minerals. The appearance sometimes
ol oblique directions (Fig. 14) of Lhe cross-section of the two main dirce-
tions correspond to the (1010) rombohedron face of a preexisting car-
bonate mineral, probably manganese-siderite.

It must be mentioned that according to the investigations ol Cuo-
kHBOV ete (1973) the formation of lepidocrocite ot the Lypergene zone
takes place in two stages. In ihe first proto-lepidocrocite 18 formed by
partial oxidation of Fe** and later it changes to lepidocrocite.

Except for the remains or sulphides many times appear in ihe
grains of goethite-lepidocrocite inclusions of other minerals (fig. 18, 19,
20). These are usually quartz and sometimes mica (fig. 19). For tbese
inclusions we must accept that initially they were inclusions in pyrite or
in the other iron sulphides, which, because of their resistivity, remained
included also after the change of the surrounding mineral to ithe rhythmi-
tes of geothite-lepidocrocite.

Of special interest is a type of myrmekitic intergrowth of thythmite
goethite-lepidocrocite with quartz (fig. 20).

It 18 difficult to imagine myrmekitic intergrowth in type ol eutectic
texture between the original pyrite and quartz. As a possible explana-
tion it is suggested the existence of the original myrmekitic intergrowth
of pyrite with other sulphide, which was later displaced by a following
hydrothermal action and was replaced by quartz which remained of
course after the alteration of pyrite to a rhythmite of goethite-lepido-

crocite.
As regards the origin of the observed rhythmites of goethite-lepi-

docrocite we must accept that their majority at least derives from
gossan of pyrite ore deposit or of B.P.G. sulphides. The existence of
pyrolusite in the thythmites supports this point of view, because as it
i8 known in the gossans enrichment in manganese is observed. A part
of the rhythmites possibly comes from a sedimentary deposit, although
no oolites were anywhere observed,
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As regards the possible exploitation of the rhythmites of goethite-
lepidocrocite appearing in the Black Sands in significant proportion, we
don’t think that there is any such perspective. The deposits are small,
some hundred tons, the separation from the other constituents expensive
and the quality of iron (if it is considered so) bad, because of the included
pyrite, other sulphides and sometimes baryte. The district must however
be examined for possible existence of one or more gossans under which
there are possibly expoitable deposits of B.P.G. sulphides.

HEMATITE

Except for the hematite found in the magnetite in the form of
martite, there appear also numerous grains consisting ol independent
aggregates ol hematite crystals. In this form the mineral constitutes the
5%, and sometimes the 109, of the heavy minerals of the Black Sands.
The aggregales consist of lamellar crystals of hematite parallel to (0001)
(Fig. 21, 22, 23, 24). These lamellae are parallel and somelimes slightly
hent. Their aggregates are easily recognised from their strong rellectance,
the slightly bluish tint of the mineral (especially when it is observed under
oll immersion} and mainly from its strong anisotropy. Under crossed
Nicols besides the anisotropy arc observed internal reflections of deep
red colour, which are clear in oil immersion. Thesc reflections are limited
to the borders of the lamellae and frequently in the space between them.

Again the lack of exsolution plenomena is characteristic. In the
majority of the crystalline aggregates no exsolution of ilmenite is obser-
ved. On the other hand, a microanalyzer study for possible existence of
titantum in the cell of hematite (in the form of mixed crystals Feli0O, -
Fe,05) proved negative. This indicates a low formation lemperature.

Under crossed Nicols there is often observed a multitwin develop-

ment of the tabular erystals parallel to 1011, These multitwins appear
always with their elongation perpendicular to the pinacoid (0001). Their
width changes from grain to grain. Given that this multitwinning is
usually observed only in the lamellae which show a slight bending or
curving (Fig. 21) we are led to the conclusion that the phenomenon of
multitwin development is due here to stress on the hematite crystals
during their formation.

In many cases coexistence or intergrowth of quartz was observed
with the tabular crystals of hematite (Fig. 22, 23, 24). It appears either
in small quantities surrounded by hematite lemallae, or in larger quanti-
ties, in which case the size of the hematite crystals decreases. In some
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cases appear tiny crystals of hematite dispersed in a quartz-mass in the
form of impregnation (Fig. 24).

In very rare cases are observed hematite crystals (not lamellae)
including exsolutions of ilmenite, as well as parallel intergrowths of
ilmenite with hemalite including exsolutions of ilmenite. The so exsol-
ved crystals of ilmenite are arranged with their elongation nearly paral-
lel to the pinacoid (0001) of hematite, with small deviations. For the
hematite crystals with exsolutions of ilmenite we must accept different
conditions of formation [rom those of the hemalite crystals appering as
lamellae, and specifically a higher temperature.

Sometimes are observed intergrowths of hematite with magnetite.
They are intergrowths and not marlitizalion prodicts, a faet deduced
from the microscopic image. For these crystals of hematite we must
accepl pneumatolytic origin as we accepted for the largest part of the
magnetite crystals inside the Black Sands.

For the greater part of the hematite crystals we accepl hydrother-
mal origin. To this conclusion we arrive from their low temperature for-
mation (lack of exsolution phenomena) as well as from their tabular
development parallel to (0001} {I'niEpRicH 1966). Finally, the coexisten-
ce of quartz in mosl cases shows again hydrothermal origin. Such hema-
tite veins of hydrolhermal origin have been described many times and
they are always ol no economic importance. The existence of such veins
18 probable in tbe district of the Black Sands. The absence of shanges
of hematite to magnetite in all the seclions indicates the absence ol
metamorphic phenomena in the above veins.

For the few cases of occurrence of hematite with exsolutions of
ilmenite (Fig. 27) we must accept orthomagmatic crystallization with
its origin from the granite of Mount Symvolon.

RouTiLE

It appears in proportion up Lo 5% of the heavy minerals of the
Black Sands. It is always euhedral with long crystals, multitwins on
(101) and (301) (Fig. 25, 26). Its cleavage parallel to (110) is easily distin-
guished. Because of its strong bireflectance the multitwinning is visible
without analyzer. It appears with its usual moderate reflectance grey
in colour with a brown to brownish pink tint. Under crossed Nicols is
observed its strong anisotropy as well as numerous internal reflections
(Fig. 26) covering the whole surface of the mineral. The colour of the
internal reflections is white to orange-red. Many times this colour chan-
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ges in a section, showing zonal texture of the crystal. As it is known
(Rampour 1975) the colour of the internal reflections depends on the
trace element content and especially on niobium and tantalium. For
these elements we must accept zonal distribution in the crystal. Accor-
ding to Mevyrowirs (1973) zircon enters in roulile as trace element with
a maximum content up to 0,47%, in ZrO, .

For the origin of the mineral we accept that it originates either
from pneumatolytic ore deposits of magnetite (as we have accepted
in the chapter on magnetite) or from pegmatitic tin veins. Both forma-
tions probably surround granite of Mount Symvolon.

ItMENITE

It occurs in the Black Sands in small proportion, almost sparsely.
It is distringuished by its grey colour somewhat darker than that of
magnetite with a brownish tint, especially in oil immersion, but mainly
by its very high bireflectance and anisotropy.

Many times it shows intergrowths with hematile. The intergrown
hematite shows thin exsolutions of ilmenite and thus we accept that bolh
minerals originated by exsolulion of an original homogenous mixed
crystal (Fig. 27, 28, 29). In one case was observed myrmekitic inter-
growth of ilmenite-hematite. DucHrsxE (1973) accepls from sludy of on
anorthosite system of Southi-Bogoland (Norgway) that exsclution pro-
ducts of hemaltite in ilmenite occur when the molecular proportion of
hematite is greater than 7-99.

As regards the eonditions of formation of the mineral, its inter-
growths with hematite crystals and the exsolution phenomena in he-
matite show that both are producls of magmatic rejection.

Hence we come Lo the conclusion that the othomagmatically rejected
ilmenite (with hematite} derived from the granite of Mount Symvolon.
Isolated crystals of ilmenite, without intergrowths with hematite may
have derive also from the metamorphic background. The ilmenite in the
Black Sands is of no economical importance nor can be used as indication
for the presence of titanium ore deposits. On the other hand the small
content of ilmenrte in the Black Sands does not make it harmful for
possible exploitation of the included magnetite as iron deposit.

PrrovusiTE

Except for the pyrolusite in the rhythmites of goethite-lepidocroci-
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te, are also observed independent crystals of the mineral in the Black
Sands. These occur only sparsely and consist of aggregates of xenomor-
phic erystals. They are creamy white and they show the moderate re-
flectance of the mineral, distinct bireflectance and (under crossed Nicols)
strong anisotropy. Many times intergrowths with quartz grains are
observed (Fig. 30, 31).

As it 18 known (RampoHR 1975), pyrolusite appears usually either
in sedimentary ore deposits or in gossans including manganese minerals.
For these reasons we consider the pyrolusite appearing in the Black
Sands as originating from a gossan of the district.

Besides pyrolusite were observed in the Black Sands some grains
of a strange form of a manganese mineral. In their rims these grains
(I'ig. 32) turn into an especially fine crystalline pyrolusite. This mineral
shows strong reflectance, white colour with a shight yellowish tint and
is isotropic, without internal reflections. These indications are not enough
for its idendification, which for the members of the series of manganese
oxides 18 very difficult (with the exception of pyrolusite). On the other
hand, because of the small quantity of the mineral, it is not possible to
take a powder diagram. So we are restricted to simply mentioning the
mineral as a not entirely identified manganese oxide, of the same origin
as pyrolusite.

PSILOMELANE

It oceurs sparsely and in grains consisting of aggregates of botryoi-
dal psilomelane (Fig. 33, 34) in pure goethite or even in overgrowths of
hotryoidal masses on rhythmites of goethite-lepicocrocite. The refle-
ctance of these aggregates of fibrous crystals of the mineral, is moderate
to strong and the colour greyish white.

Under crossed Nicols is easily visible the characteristic cross in the
global aggregates (botryoidal masses). Intergrowths with other manga-
nese minerals were not observed.

As it i3 known (RamMponR 1975), this mineral is formed as a product
of errosion near the surface and under the influence of the atmospherical
agents. As original material are considered to be manganese minerals
such as braunite, haousmantte, manganese siderite, rodochrosite and
rodonite.

From these data and taking into account the abundance of goethite-
lepidocrocite grains in the Black Sands, for which we accepted that they
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derive from a gossan, we conclude that psilemelane comes from the same
gossan nnder errosion conditions.

WOLFRAMITE

It occurs only sparsely in the Black Sands. 1t appears in nearly
euhedral crystals or in broken pieces. Usually it shows plenty of pores,
{Fig. 35) which we attribute to the difficulty of polishing the mineral.
It appears with weak reflectance, very weak bireflectance and with
distinct anisotropy, which does not change essentially during the obser-
vation in oil immersion. Internal reflections of dark brownish red colour
are rather rare. Never has been observed zonal structure or multit-
winning.

As it is known, (Ramponr 1975) woelframite can occur in pegmatitic,
pneumatolytic and hydrothermal veins, while in the pneumatolytic
contact metasomatic ore deposits it is absent, being replaced by schee-
lite. Since, however in none of the examined grains of wolframite was
found intergrowth with cther mineral (for example magnetite or quartz),
from which we could reach definite conclusions for the conditions of its
genesis, these latter can not be surely deduced. Evidently wolframite
derives from veins surrounding the granite of Mount Symvolon, which
could belong to one of the above three categories or even from small
mixed occurrences of wolfiamite-cassiterite.

Taking inte consideration the relalive rareness of the mineral in the
Black 5ands we think tbat there is no hope of finding exploitable con-
centrations of wolframite in the district of the Black Sands. It is possible,
however, that the few samples of wolframite have come from another
district, where the presence of a wolframite ore deposit may not be
excluded. This district cannot be very far from the limits of the Mount
Symvolon granite and to this direction research must turn.

CASSITERITE

This mineral also ocecurs sparsely only in few samples. It appears
always in small and rather euhedral erystals, twins on (101) (Fig. 36).
Because of the distinet bireflectance of the mineral these twins are visible
even without the analyzer. The reflectance of the mineral is weak and
lowers considerable in cil immersion. Under crossed Nicols the mineral
shows very distinet anisotropy. Internal reflections are abundant and
usually white,
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Cassiterite, as it is known, (RaMmpornr 1975) is a typical mineral of
the pneumatolytic phase, but it appears also in pegmatitic veins. 1t is
always connected with granilic ocenrrences and sometimes occurs in the
granitic mass in small quantities. Consequently it is not easy to find out
where the few sparse grains of cassiterite in the Black Sands come from.
It is certain that genetically they are connected with the granite of
Mount Symvolon and probably they derive from pegmatitic-pneumato-
Iytic veins, surrounding the granite, together with wolframite. It is
suggested that both the district of the Black Sands as well as the larger
area of the granite limits be investigated in order to find such veins,
possibly exploitable.

URANINITE

This mineral is very rare; in all the examined samples of the Black
Sands were found only two grains of uraninite. Thig fact leads to the
conelusion that the observed in all samples of the Black Sands strong
radioactivity is due to other minerals and mainly to the relatively plen-
tiful sphene, as well as to zircon and monazite.

The two samples of uraninite consisted of isolated crystals with a
rather irregular shape and clear fissures of contraction, (Fig. 37) usual
in sections of the mineral (Rampour 1975 - UvTeExBOoGAARDT et al 1971).
The reflectance appears to be moderate and decreases significantly in oil
immersion. The colour of the sections is grey with a slight brownish tint.
Under crossed Nicols it is isotropic except for some tiny inclusions of
another mineral the nature of which was not possible to be identified.
Internal reflections of a deep brown colour arc rarely observed.

For the origin of the mineral we accept that it was carried to the
sands from differentiated veins of the granitic magma, which formed the
igneous rock of Mount Symvolon. As it is known (MavcHER 1962) ura-
ninite oceurs in pegmatitic and in hydrothermal veins, being genetically
connected to granttic masses. In the last case it is associated with mine-
rals of the system Co-Ni-Ag-Bi (Cobalt - nickel-silver-bismouth). Yet,
given that in the Black Sands no such mineral was found we must accept
that uraninite came from pegmatitic veins. However, we must not
exclude the case of its origin. from erroded sedimentary layers, contain-
ing the mineral in significant proportion. In any case a careful investi-
gation with a counter (scintillometre) of both the district of the Black
Sands and the larger area around the granite is suggested, in order to
find possible existing concentrations and probably uranium ore deposits.
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The small number of the crystals found is net an indication about the
absence of significant veins, since, as it is known, uraninite is very solu-
ble during errosion. {(IJALL acLio et al 1974).

GoLp

The mineral was [ound in one only case as inclusion in quartz. The
dimensions of the grains are small. [t is euhedral with the eharacteristic
strong reflectance and the known white-yellowish colour. Unter crossed
Nicols it shows the phenomenon of incomplete extinetion and it remains
isotropic with a green colour.

From a genetical point of view the gold is connected with hydrother-
mal quartz veins. Whether these veims come from the granite of Mount
Symvolon is not sure. Also the rareness of the mineral is circumstantial,
since quartz in which gold was found usually is absent from the studied
concentrations of heavy minerals ol the Black Sands. The case of the
mineral deriving [rom erroded gold-bearing layers must be excluded,
gince in such layers gold appears usually isolated.

The existence of gold in quartz veins in Macedonia generally has
often been ascertained (Mararos 1974). Mostly, these veins have no
economical importance. Especially in the Pangaion district were found
largely ranging concentrations of gold in the quartz veins with pyrite
and arsenopyrite. Significant concentrations of gold in the ancient slags
were also observed (Mack 1964).

FraMsoiDaL PyriT

Ag in other parts of the beaches of Chalkidiki, Eastern Macedonia
and Thrace, here too, occur formations of “Framboidal Pyrit”. By this
tertn we mean concentrations ol a special type consisting of well formed
microscopic erystals of pyrite arranged in global aggregates, so as to
give them the shape ol strawberry (Fig. 38) (Rust 1935 Love and Awm-
stuTz 1966). The occurrences of this type are [lairly common in the
Black Sands. Such formations are investigated today all over the world,
because through them the explanation of the genesis mechanism of the
biogene and sedimentary, in general, ore deposils of pyrite and other
sulphides is attempted.

Becauses of the importance of the subject, the Greek occurrences
of “Framboidal Pyrit” in the district of the Black Sands, as well as in
other places will make a subject of special research.
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C. ARTIFACTS

In the Black Sands, except for the natural opaque minerals occur
also in significant proporiions opaque artificial materials. These are
always remains of ancient smeltings. From the abundance of the appear-
ing grains it is concluded that in this district the ancients had developed
a significant ore exploitation. During the examination of the grains of
these formalions one is amazed at the variation of the shapes found
because of the development of skeletal crystals or myrmekitic inter-
growths and often at the symmetry and beauty of the formations.

The skeletal crystals of magnetite in silicate glass (Fig. 39, 40, 41,
42, 43) as well as the myrmekitic intergrowths of magnetite with silicate
glass (Fig. 44, 45, 46, 47) predominate. Sometimes the surrounding
material (matrix) is not glass but pyroxene (artificial).

The skeletal crystals of magnetite are developed always in one row
one after the other along their (100) direction. Sometimes is observed
second and even third generation of them. 1t is nol a rare case the si-
multaneous coexistence of skeletal crystals of magnetite in the glass, as
well as myrmekitic intergrowths of magnetite-glass (Fig. 48). The pictu-
res given here show only a small number of the mfinite variation of tvpes
and intergrowths. As it was menlioned, these formations consist of
remains of ancient smeltings, which usually took place near the place
of mining. The exact points of the mines have not yet been ascertained
in many cases.

Consequently, we consider necessary the investigation of the district
also from this point of view, i.e recognizing the place of the ancient
minings and ascertaining their probable exploitation. We must not
forget that both the rich ore deposits of Eastern Chalkidiki as well as the
ore deposits of the porphyry copper at Skouries of Chalkidiki, were
exploited in ancient times.

D. TRANSPARENT MINERALS

Orthite

It appears in considerable proportion in the Black Sands and in
some cases it reaches 30%, of the transparent heavy minerals. It appears
in general in two types. One type gives completely enhedral crystals
{Fig. 49, 50) while the other less euhedral to xenomorphic. The euhedral
crystals have well developed the faces (100} (101) and (201). The xeno-
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fnorphic are either isolated grains or constitute the core of a zonal in-
tergrowth with epidote, which surrounds them (Fig. 52, 53). T'winning
on (100) is frequent, (Fig. 51) more so in the euhedral members. A good
(001} cleavage is distinguished. It shows a strong pleochroism:

n, = light yellowish-brown
ng = brownish-red
n, = deep brownish-red

The extinction angle ranges between n,:e¢ = 30°-38° and the optic
axial angle (— 2V) = 82°— 85° Positive optic character was rarely
observed in the not euhedral members.

In none of the orthite crystals were noticed pleochroic aureoles.
Given that the mineral is strongly radioactive, as indicated by a counter,
we conclude that the radioactivity is duc to the mineral itself and not to
radioactive inclusions.

For the origin of the mineral we accept that the more abundant
euhedral variation comes from pegmatitic veins surrounding or crossing
the granite of Mount Symvoelon. The other type, not euhedral, should
have originated from the granite where it was formed during a later
autopneumatolytic phase, from the constituents of granite. This view
is supported by the fact that mineral in this second case is usually sur-
rounded by epidote.

EpinoTE

Except for the epidote surrounding orthite cores, (Fig. 52, 53) occur
also some isolated grains of the miueral. Here also we have two types:
one completely euhedral (Fig. 54, 55) and one xenomorphic (Fig. 56, 57,
58). The euhedral crystals show the usual elongation along the b axis.
Twins on (100) are not so rare as mentioned in the literature (TROEGER
1968). The pleochroism is distinct to strong:

n, = light yellow to yellowish-green
ng = greenish yellow
n, = yellowish green
The extinction angle n,:a ranges between 25° — 28°. The optic
axial angle ranges between -— 2V = 68° — 80°. The birefringence is
0,015 — 0,025, It often shows zonal structure visible from the slight

difference of colour between the core and the marginal zones. As a rule
the core shows a darker colour.

11
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Generally Lhe optical data of Lhe euhedral crystals of epidote occur-
ring in the Black Sands range between large limits, which leads to the
supposition that these euhedral crystais are of different origins.

In the xenomorphic epidote grains, which are more than the euhe-
dral, the measurement of optical conslants is very difficult, if not im-
possible. Where this was achieved, a large range of values was also obser-
ved.

For the genetical conditions and the origin of these two variations
of epidote we consider that the euhedral variety derived {rom one or
more skarn occurrences of the district, whereas the xenomorphic varieties
comes from the alteration of mafic minerals of the granite of Mount
Symvolon.

GARNETS

They are quite abundant as constituents of the Black Sands. They
always appear as euhedral, but often their euhedral shape is not easily
distinguished, because of deterioration and mainly rounding of the
grains during carrying (Fig. 59, 63). Under the stercoscope their crysta-
line shape is disttnguished, usually either rhombic dodecahedron (110)
or a cowmplex from rhombic dodecahedron and icositetrahedron (211)
with Lhe first predominating,

Examination under microscope and measurements of their constants
lead to the result that Lhey belong to two groups: The first group conlains
garnets of the Pyralspit series while the second of the Grandit series.

The garnets of the Pyralspit series (Fig. 60) are always isotropic.
They show a slight pinkish to pinkish-yellow colour. Their index of
refraction, measured by the method of refractive liquids was found to
range between 1,75 — 1,78, Their d values for the (420) reflection range
hetween d == 25746 to d = 25897 A. Hence the unit cell constant
« ranges between o = 11,52 to « = 11,58 A.

The garnets of Grandit group occur in nearly cqual proportion with
those of the first group. They show a similar euhedral shape and crysta-
line form as the latter. Bul here il is observed that the core of the mine-
ral consisls of melanile, which is distinguished easily from 1ts deep brown
colour (Fig. 61.62). The rims of this zonal mineral, as well as of the other
members of Lhe series, show a slight yellowish colour or they are com-
pletely colourless, It’s index of refraction ranges between 1,75 — 1,85,
while the dge, value lies between 2,6577 — 2,6970 A, i.e. the unit cell
constant is o« = 11,86 — 12,06 A.
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As regards the origin of the garnets appearing in the Black Sands we
accept that the members of Grandit group come from occcurrences of
Skarn type or from pneumatolytic ore deposits of magnetite, the existen-
ce of which we accepted, as mentioned in the chapter on magnetite, and
the appearence of garnets of this group constitutes an additional proof
about their existence.

The explanatiou of the origin of the melanite cores in the garnets,
is more difficult. As it is known (TroEGER 1968) the melanites occur
usually in foyaitic or alkaline generally magmas, the corresponding rocks
of which do not exist in the district, nor in Greece generally. Yet it may
not be excluded that melanite has been rejected during the initial phase
of formation of Skarn, as it happens in Cornwall (TrRoEGER 1968).

For the members of Pyralspit series we aceept that they derive from
the metamorphic background of the district.

HorNBLENDE. {HANSTINGSITE)

1t occurs fairly well distributed in the Black Sands, but in propor-
tion not exceeding the 109, of their transparent heavy minerals. 1t
appears as grains, which either consist of single crystals (Fig. 65) or
aggregates. In them are frequently observed inclusions of apatite (Fig.
64) zircon sphene and magnetite. Generally the hornblende is rather
euhedral elongated along the C axis and with well formed faces {100)
(010) and (110). It shows pleochroism:

n, = light greenish yellow
ng = green to greenish-subbrown
1, = olivegreen to bluishgreen

The extinction angle n, : ¢ ranges between 13° and 16° and the optic
axial angle (— 2V) between 72° and 85°. Sometimes are obssrved twing
on {100), but multitwins are not observed. The bireflringence is moderate
to strong.}rom these data 1t 1s coneluded that the mineral is hanstingsite.

For the origin of the minsral we accept that at least for the greatest
part, the grains appearing in the Black Sands are concentrations derived
from the granite of Mount Symvolon. Hornblende with cqual or nearly
equal constants was observed also in the igneous rock of the distriet Se-
rai Drama (Papapakis 1965).

SPHENE

It is included in significant proportion in the Black Sands, exceeding
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sometimes that of hornblende. 1ts crystals are usnally euhedral (Fig. 66)
with well developed faces (110) and (111). Many times the characteristic
“envelope like” form of the miuneral (TrorcER 1958} is also observed
(Fig. 67). As a rule a perfect (110) cleavage is ohserved (Fig. 66, 68) and
also twinning and multitwinnin.

The mineral is cither colourless or slightly coloured with distict
pleochroism:

n, = colourless to light suhbrown
ny = light brownish yellow
n, = vellowish hrown

The dispersion p > v is g0 strong that in some sections is obvious
also under orthoscopic observation. The angle 2V of the mineral, mea-
sured under conoscopic observation on the universal stage with a filter
for the differenl wavelengihs, was found to be:

A 449 2V = 16° 30 - 18°
A 5hY 2V = 25° - 27°
X663 2V = 28°-30°

(Generally, the optical constants and features of the mineral range
between large limils, a fact observed, as it has already been mentioned,
also in other ccnstituents of the Black Sands. This shows different origins
of sphene. We accept that a parl of its grains derived from the granite
of Mounl Symvolon and probably a very small part from pegmalitie
veins of the granite. A significant part of the grains must derive from
the metamorphic background of the district.

Part of 1he appearing strong radioactivity of the Black Sands is
due Lo sphene grains including small gquantities of radioactive elements.

ZIRcON

The mineral is observed sparsely and only as ineclusion in other
minerals, mainly hornblende. lsolated zircon crystals, common in Black
Sands concentrations, were not [ound. The inclusions of the minecral are
of small dimensions €05 - 0,1 mm and often are surrounded by pleo-
chroic aureoles in the hornblende erystals. They are usually euhedral
with the characteristic prismatic-bipyramidal form and more rarely
rounded in the form of a barrel. It always shows very strong refringence
and birefringence. Decrease of these constants hecause of radiation da-
mage was nol observed.
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For their origin we must accept the same as for the surrounding
hornblende, i.e they derive [rom the granite of Mount Symvolon. A small
part of the radioactivity of the Black Sands is possibly due to the in-
clusions of zircon.

Mo~NaziTE

It occurs only sparsely and in few samples in the Black Sands. It
occurs always as well developed single crystals of 1-2 mm length or even
longer. Twinning on (100} was observed only once, whereas the cleavage
of the mineral on (001) is distinet in all sections.

In transparent sections it appears colourless with strong refringence
and birefringence. The extinclion angle is n,: ¢ = 3° — 5° and the optic
axial angle about 10°.

In polished seclions it appears with many internal reflections, which
gather characteristically in the rims of the mineral, giving the image of
a halo (Fig. 69, 70).

For the origin of the mineral we must accept that the significant
size of ils erystals as well as Lheir cuhedral shape constitute indications
thal il comes from pegmalilic veins swrrounding or crossing Lhe granite
of Mount Symvolon.

Part of the radioactivily of the Black Sands must also be due to
monazite.
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Fig. 1, Magnetite hypidiomorphic crystals (M) around a cassiterite twin (erystal}(C).
In lower part, magnetite with beginning marittizaiion along the eracks. Polished
section 354,

e

Fig. 2. A magnetite erystal iniergrown with quartz and with beginning mariitization
along the cracks of the mineral. Polished seetion 75X,
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Fig. 4. A magnetite erysial with advanced martitization in two bands parallel to (111).
Polished section 753,
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Fig. 5. Magnetite intergrown. with calcile in its lower part. The cleavage {1014 of calcite
Is discernible. Polished seetion 75

Fig. 6. The same as in fig. 5 under crossed Nicoles. The internal reflections of ealeid
are discernible,
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Fig. 7. A part of a magnetite erystal with clear beginning martilization on the rdgﬁ ant
advaneed martitization in iwo bands parallel io (111} on thelght Polished section 150X,
Gl Tmmersion.

Fig. 8, Phythmites of goethite (grey} and lepidoerccite (light grey) Polished scction 75X
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fig. 9. Rhythmites of grothile-lepidocrocite with empty spaces (dark bands). Polishde
section 75X,

Fig. 10. The same as in fig. ¢ under crossed Nicols,
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Fig. 11. Rhythmites of goethite-lepidocrocite in parcllel bands. Polished section 75X

Fig. 12, The same as in fig. 11 under crossed Nicols,
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Fig. 13, Rhythmites of geothite-lepidocrocile arranged in tiwo perpendicular main
directions. Polished section 73X,

Pig. 14, Rhythmites of geothite-lepidocrocite arranged vn a direction somewhat inclined
frome the perpendicular. Polished section 73X
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Frig. 13, Remains of pyrite in goethite-lepidocrocite.

Polished section 73X

Frg. 16, Rhythinites of geothile-lepidocrocite with

interposed pyrolusite. Polished
section 75X,
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g 17. The same as in fig. 16 under crossed Nicols. Pyrolustie is distinguished due o
s strong anisolropy (white parts).

Fig. 18. Elongated inclusions of hematite in geothite-lepidociocite. Polished section 73X,
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Fig. 19, Inclusions of mica (dark bands) in a geothite-lepidocrocite grain. Polished
section 75X,

Irig. 20. Myrmekitic intergrowih of quariz with geothite-lepidocrocile. Pelished
section THX.

Wnoeiakr BiBAI0BAkn Ocd@paaTog - Tunua MewAoyiag. A.M.0.



=Wneiaki w— ovni O
?/ Blﬁhloeﬁkn \
"OFOZPAZTOL"
b ",“ijﬁpa rswhoyiag
iAo Aane 4

e g

Fig. 21, Hematite in elongated parallel or slightly curced lamellae. Polished scetion 75X,

Fig. 22. Hematite in rather regularly arranged lamellae in quartz. Polished section 75X,
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Fig. 23, Hemabite in irregularly arranged lomellac intergrown with quartz

. Polished
seetion 75X.

Hematite dispersed in quarts. Polished section 75X,
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Fig. 25, Routile (the large grain in the rentre of the figure). The multitwinning on (101
ts discernible. Polished section 35X,

£ig. 26, The same as in fig. 25 under crossed Nicols. The internal reflectians of routile
are discernible and also mullitwinning on (101) (dark bands) and (301) (iight bands).
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Fig. 27, An hematite grain (in the cenire of the figure and downward) with exsolutions
of ilmenite (dark parallel lines). Polished section 75X,

Fig. 28. An ilmenite grain with exsolution bodies of hematite (light parallel lines).
Polished section 75X .
N\
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Fig. 29. A part of figure 28 in oil tmmersion and with mognification 150X, The exso-
lutions of hemaiite are clearly distinguished.

Fig. 30, A grain consisiing of inlergrowths of pyrelusite and some quartz. Polished
section 79X
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Fug. 31, The same as in fig. 30 under crossed Nieols. The strong antsotropy of pyrolusite
s distinguished.

Fig. 32. A grain of a manganese mineral changing at the rim into fine crysials of
pyrolusite. Polished section 75X,
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Frg. 33, Aggregates of botryoidal psilomelane. Polished section 75X,

Fig. 34. The same as in fig. 38 under crossed Nicols. In the botryoidal masses crosses
are distinguished,
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Fig. 35, A wolframite crystal (in the kpper part of the fig.}). Polished section 73X.

Fig, 36. A cassiterite towin (crystal ). Polished section 75X
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Fig. 37. An wraninite grain with shrinking cracks, Polished scction 75X

Fig, 38. Framboidal pyrit. Very small pyrite gratns are discernible in round aggregates,
Polisked section, oil immersion 250X,
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Fig. 39, Magnetile skeletal crystals tn silicate glass {artificral). Polished section 75X,

Fig. &0. Muagnetite skeletal crystals vn silicate glass (artificial ). Polished scetion 75X%.
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Fig. 42 Magnetite skeletal crystals in pyroxene {artificial). Polished section 75X,
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Fig. 48, Magnetite skeletal crystals in silicate gluss (artificial). Two gencrations are
distinguished. Polished section 75X.

e

Fig. 44 Myrmekitic intergrowih of magnetite with silicate glass {artificial). Polished

section 76X,

WYnoeiakh BiBAI0BAKN Ocd@paaTog - TuAua MewAoyiag. A.lM.O.



O/ 7~ Wniaxr) auAhoyi O
A B nosnm
{"OEOZPAZTOZ"
10 ThApa FrewAoyiag

BNsA AN /5

Fig. &5. Myrmekitic intergrowth of megnetite with stlicate glass (artificial). Polished
section 734

Fug. 46, Muyrmekitic intergrowth of magnetite with silicate glass {artificial ). Polished
£ i 4 g 8
seetron 754,
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Fig. 47, Myrmekitic intergrowth of magnetile with silicate glass {artifietal). Polished
section 75X,

Fig. 48. Simulianeous existence of magnetite skelelol erysrals with myrmekitie infer-
growth of magnetite with glass. Polished section 75X.
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Fig, &9 Orthite euhedral crystal. Thin seetion 90X.

Fig. 50, Orthite crystal shattered and traversed by quartz. Thin section 90X,
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Fig. 51, Orthite twin fcrystal). Thin section 90X,
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Frg. 33 Ortlite surrounded by epidote. Thin section 90X,
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Fig. 33, Orthile surrounded by epidete. Thin section 90X.

Irig. 54. Epidote euhedral crysial, The eleavage!] (001) and 1winning (001) are discer-
nible. Thin section S0X.
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Fig. 55. The same as in fig. 54 under crossed Nicols.

Frig. 56. Epidote hypidiomorphic crystal with clear cleavage [{ (001}, Thin section 90X,
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Fig. 57, A grain consisting of aggregates of epidete aneudral crysials. Thin section 90X,

i

Fig. 58. The some as in fig. 57 under crossed Nicols.
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Fig. 59. A general ciew of the Black Sands in transmitted light
’ Thin section H0X.

. A garnet in the centre.

it R

Fig. 60. A garnet of Pyralspit series. Thin section 90X,
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Fig. 61. 4 garnet of Grandit series. The central part eonsist of melanite, Thin section 90X

Fig. 62. A garnet of Grandit series. Part of the mineral consists of melanite.
The section 90.X.
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Fig. 63. A garnet under reflected light. Internal reflections arc discernible. Polishde
section. Croessed Nicols 32X.

Fig. 64, A harnblende erystal with inclusions of apatite. Thin section J0X.
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Frg. 65. Three hornblende crystols in different orientations. Thin section 30X.

Lty et

Fig. 66. A sphene cuhedral crystal with perfect || (110) cleavage. Thin section 90X.
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Fug. 67. A sphene erysial with “envelope like” from. Thin seetion 90X.

Fig. 68. A sphene hypidiomorphic crysial. The cleacage (110) is pisible. Thin
section 90X
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Fig. 69. Monazite (M) belween two aproximately round garnet crysials. Polished
section 35X

Fig. 70. The same as (n fig. 68. Under crossed Nicols the characteristic halo is discernible.
The white part is calcile,
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Fig. 7. Absorbed eleciron image of a magnetite grain. Magnification 200X,

Fig. 72. Mn: Ka X-Ray pulse image. Magnification 200X, Crystal of S5i0,.
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Frig. 73, Ti: Ka X-Ray pulse image. Magnification 200X, Crysial of SiG,.
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IIEPIAHYIE

Al MAYPAI AMMOI TQN AOYTPQN EAEYOEPQN IAHSION
KABAAAZ, EAAAZ

Trd
A. TEIATIAAAKH
{’ Egyaotipior *Oguxrodoyiac xal Hergoygaping rot Havemarnuiov Oco frixng)

1

Eic mhv dxertv 1év Aovtpiv "Ehevllepiv Kafdhae {("Edrde) wod &nl éxra-
cewe TEHY xal ThEov yuhoubtpwv Eupoviloviat guyxevrgwosg Papéwy dpu-
xtév dvrdg THv dppwv Omd poppiv Black Sands. Ot eyvpoariopot adrol elvae
toyupdde padtevepyol. Actypota €€ abrdv Tév pabpev &uumy dmeBrilnoay cig
St rwpioudy éx Téhv Ehagppdv dpuxt@v (yeraling, &atpto, daBeatitne, pappo-
purlac) xal Eucdetrlnoay dmTixde el TO usTolhoypapixdy wixpooxdmiov
(oridmvel Topat) d¢ xal elg 6 advnlles mokwTudy pixpookdmioy {(hemTal To-
patl). Tupmhnpopatin) wchéry Eywvey ele tve dpunta Sd Tév dxtivay X dg
sk Tob piepoovehurol. H pekérn E3eifev 81u éx thv dSlapaviy Bapéwv dpu-
TEV SmavToby ©g xbpLer guaTHTING TGV padpav ROV foywTiTyg, yravtl-
g, hemboxpoxnityg xab alpatityng. Eig wixpdv mepewminbryre dmavrodv éni-
ang poutihoy, Dhpevityg, mupohouaitye, Yhopélas ol amopudixde Boippaut-
e, xaooitepitg, obpavivitng el adrogung ypvode. "Emiene muparrpolvral
gynuatiouct aldnpomupitou Hmd woperv Framboidal Pyrit xat el anuavtuddy
dvodoviav teyvnta mpoiGvro (Artifacts). Tulra elvar Smoleipuora &ocapr-
veboewy £E dpyatwv Expetodheboeny xal &g ént v wheloTov dmoTeholvran dmd
oxehetdidels wpuaTdilovg payvrTizou dvantuacopévouc Evtdg muptTixFe Hd-
aou (Texwnitic). "Ex tév Suapoviv Bapéwy dpuxtiv amavroby spbitne, Enido-
Tov, ypavaTal, xeposTABY (yuotwyiltne), Trravitme wel omopaducdc Dupxo-
viov xeel povaldimte.

‘I hemropephc Epevva Tav dnTindv xal Aotmiv otablepiv THY Gg Fve
dpuntdiv Enérpedey Ty Sotinwow dmdlewy éni Tév guvlinuiv yevéseds Tov.
Avorumolvrar énlong dmberg seal 1 v mpoélevatv Teov Snh. Sud 16 motor foav
ol oymuotiopol éx tév dmolew dreondalnoay 1d dpunta abrd xal &v cuveysta
perepéplnoay eic tae &uuovg. Odrew 6 payvyritng doymuerialy xata o pe-
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vohdrepov 1épog Tou mveupaTOAUTIRGG - peTacopaTikde E Enagpie yYpuviTi-
%08 &yxov mpds doBzamimindy mETpwpa. O wbixot yrosizov - hemdoxpoxnitou
ol dmolor dupavilovy ndvrote pulpindg dvedhoyde petabd Tév 3o adréy dpu-
#tév 0md poppy yerwdoug iaTol, pé mapepfordy éviote pipdv xpuoTEARLY
nugohousizou, Eoynueticlnoay Scutepoyeviig dvrds oidnpol wahdpparos xoL-
caopatog pixtdy Oetotywv (3 admporupiton). ‘O alpatitys ppaenlipevos
ele hapéihag peta ¥ dvev yoraliov oynpaticly H8pobepuindic évrde @reBidy
cuvdeopévey yeveTixds peta Tob ypaviTou Tol Bpous Tipforov. Ta dpuxrd
Borppaplrne xal xweositepltyg doympatiolnouy &vtde myypotiTixdy - mTveu-
paToruTe @y phzfdy cuvdzopivey yeveTidc Emiong watd Tob ypavitou, Auk
Bhoue TodE AVLTERG OYNLATIOMOLE TpOTEiveTal GUGTHUATINY WETHAAEUTIRY
€oeuva Tig edputépac megroxic Tdv padpuv dppov xal xuptwg ThHe mépE Tév
dptwv ol ypavitov Tob Bpoug TihuBohoev meproyc.

‘O amopadixdds upavilbpevos odpavivitye wpotpyetat £ H8pobzpuixddy
oheBav ouvlcopbvev vevetinde pé thv vpavityy., “H mohd ek meptentind-
e Umd Thy Gmolay Epgoviletar To dpunTéy BvToc THOV padpwy dppwy 3¢y dro-
Tehel Evdetfly Eahzidews ofwovopindds éxperadigusipmy Towobtav grefav. Of
8ot culhoyiouol Epapudlovror xal émt Tod omopadindis évrdg G3pobzputnad
rohalion éuganilopévou ypuool., “H padievépyesia téiv padpwyv dupov doet-
Aetat TAYY Tob omopadidds xal el Tive pbvov Selypara amavtivrog odpavivi-
Tou gl T dpuxtd TiTaviTyy, soutiloy, Dpudviov xal povelityy o dnola mept-
whetouv padievepya aroryelo. Axtumolvrar améerg xut Sk tag ouvbirog ve-
véosme xal THY Tastheuoty TOV Suapavdy Paptny dpuxtay.
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