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Abstracts : I'n the Skourics area of Chalkidiki occurs the only so far identified exploitable
porphyry copper deposit in Greece. The host rock morphologically belongs to the vertically
submerged oval to pipelike eylinder type with small ditmensions (axis 110 X 120m ) exte-
nding to unknown depth. The metallogenesis reaches the depth of 600m al least and eons-
ists mainly of chaleopyrite and pyrite. The characterization of the rock by Z AHOS(1963)and
GUNLACH et al (1971 ) respeetively as trachyte and quarts dioritic porphyry is not correct,
The host ruck, as it appeurs saturated with quartz and other components of the hypogene
alleration, gives a composition of granitic porphyry. This is confirmed also by the treat-
ment of the ehemical analysis data. The original, unaffected rock was very probably a
syenttic porphyry. In the polassic alteration zone of the rock, the following interesting
facts, not mentioned in the literature of other porphyry ore deposits, are observed : The
plagiociase phenocrysis are often selcctively biotitized according to two modes. 1) The
alteration biotite followws in the depesils the eleapage direetion (001) and (010) of the
host mineral. 2) The biotile replaces a whole plagioclase zone, either the core or any other
zone, the boundary included. The first mode may be explained with the easy intrusion
of the solutien in the cleavage. The seleelive biotitization of eertain zones of the erystal,
different in every case, and consequently of different chemical composition, is very dif-
fieult to explain., As a possible caplanution is suggested the existence of structural defects
tn the replaced zones.

THE PORPHYRY COPPER DEPOSIT OF SKOURIES, CHALKIDIKI.

In the eastern Chalkidiki, in the m:tamorphic Sarbomacedonian
mass and in the Vertiskos S»ries Kockel ani Walther (1938) occurs near
the break of Megali Panagia a metallogenesis of copper in the form of
stockwerk veinlets and igneous rock saturations. This ore deposit was
known in ancient times and was greatly exploited, as the huge mass of
useless ruaterial and slags indicatos. In the literaturo it is first mentioned
by Zakos (1973),who recognized ils economic importance. Aecording to him
the host rock is a hydrothermally altered trachyte in the form of a dome
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enlarged {owards the base. This trachytic dome is strongly broken in all
directions.The thick net of breaks and fissures is filled with copper mine-
rals or quartz or both. As primary metallic minerals he mentions chaleopy-
rite, pyrile and hornite. He reports 7.500.000 tons of measured ore
deposit of 1-1,59%, copper composilion and 7.500.000 tons of possible
stocks. According to Gunlach et al (1971), who first identified the deposit
as a porphyry copper ore the hosl rock is a biotite-quartz-dioritic por-
phyry. It intrudes the crystalline rock in the form of a vertical eylinder.
They estimate the reserves as 7.500.000 tons of only 0.7% coppér. The
thicknesses of the supergene alteration zones are: The oxidation zone
15-30m with malachite, azourile, limonile and jarossite and the enrich-
ment zone 2-3m (according to Zahes up to 10m) containing mainly
chalcosite.

According to our observations and information provided by the
geologist Moundrakis, who worked at the drillings, the deposit is a
porphyry copper of the verticaly submerged oval cylinder type. The
cylinder is oval in shape, with an axis 140 x120m, extending to an
unknown depth and side branches in different depths. The drillings,
which were made down to a depth of 600m, gave an average composition
of 0.7%Cu, so the positive reserves amount to 145.000 tons of metallic
copper. Obviously, because of the deposit form, a part only of this quan-
tity can be extracted by means of excavation. A large part of the enrich-
ment zone was mined out in the past. The metallogenesis in tha primary
zone occurs as stockwerk veinlets of quartz, pyrite and chalcopyrite of
the same roek.

THE HOST ROCK.

The obvious difference of opinion between Zahos (1963) and Gunlach
et al (1971) regarding the nature of the host rock, necessitated a thorough
investigation of the subject. The precise determination of a hypogene
altered porphyry rock presents difficulties, because of the usual alloche-
michal alteration duetotransfer of substances in hydrothermal solutions.
A secure determination can only be made on samples of unaffected rock.
Such samples were not found in the deposit of Skouries. So we were
obliged to examine the altered rock and especially that of the potassic
alteration zone. Macroscopically the rock shows a smoky grey colour with
feldspar phenocrysts up to 4 em. Thin veinlets traverse the rock and
consist either of K-leldspar or quartz with copper minerals and biotite.
Under the microscope it shows a typical porphyry structure Fig. 1, with
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two generations of crystallization. The first consists of hornblende pheno-
crysts usually altered to biotite or chlorite and phenocrysts of biotite
K-feldspar, plagioclase or rarely augite. The phenocrysts size of the [irst
generation ranges between 1 and 25mm but sometimes over 1cm. The
second generation ol crystallization is also crystalline but consists of
minerals with much smaller dimensions, (,05-0,1mm at most. In it were

Fig. 1. Granite porphyry of Skowries, Chalkidiki.
Or = orthoclzse Q = quartz B = biotite Pl == plagiorlase.

identified biotite, K-feldspar anl quartz. As sscondary minzrals occur
in the rock apatite (sometimes in large crystals), sphene, magnetite, and
zircon. The inirusive veinlets consist either of K-feldspar only, or of
quartz, in the crystal boundaries of which biotite is attached. Tha quartz
veinlets and the rock are saturatzl with chalcopyrite and pyrite. Th»
K-feldspar phenocrysts are always o-thoclase with a few exsolutions of
microperthitic albite. 1t shows [coquently zonal stracture, the optic
axial angle was measured on a section veriical to the acute bisectrix in
conoscopic observation on the universal stage and was found to be (-)
2v = 57° — 599, Consequently it is a high - orthoclase according to
Marfunin (1961). It usually appears in Carlsbad twins, or single crystals:
In some cases 1t includes plagioclases. Common alteration form is kaoli-
nization. Apart [rom the phenocrysts, the orthoclase appears in a large
amount also in the microcrystailine mass,
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The plagioclases, occuring only in phenocrysts, are always euhedral
and tabular on (010). Inclusions of other minerals are rare. They show
zonal structure, but only a slight difference in An - composition between
the zones is observed. Their optical elements, measured on the universal
stage, are: optic axial angle (-) 2v = 88% r>v average. An content 189
(sodic plagioclase). Using the V. d. Kaaden charts Troeger, {(1971) we
found that their predominating twin laws are Albite - Carlsbhad, Albite,
Carlsbad and Pericline. The plagioclases are selectively replaced and
with a certain regularity by secondary biotite. This interesting subject
is dealt with in the next chapter.

The hornblende is the common green hornblende with strong ple-
ochroism. Its optical constants are ¢: ny = 13° and (—) 2v = 859,
Usually it alters to biotite or chlorite. Augite is common augite with
green colour and slight pleochroism c: ny = 45%

Biotite occurs in two modes: as primary with euhedral crystals and
often altered to chlorite and as secondary, replacing hornblende, in-
truding in plagioclases or spreading in the rock groundmass. This secon-
dary biotite shows an increased optic axial angle approximately {—)
2v = 10°

Quartz never occurs as phenocrysts. It is limited to very small
grains in the microcrystalline mass or to larger crystals in the secondary
veinlets with biotite, chalcopyrite and pyrite. Taking into account the
mineral composition and the structure of the rock, we conclude that in
its altered form (potassic alteration in the examined samples), it must
be characterized as granite porphyry. Tothe same conclusion leads the
processing of the chemical analysis results of the rock according to the
Niggli method, as is shown in the following tables.

TAaBLE 1

Chemical analysis of a host rock sample (Skouries)

EHON Al O, FegO, FeO MnO MgO Ca0

70,89 12,49 4,39 1,70 0,01 0,79 0,91

Na,O K,0 Ti0, P,05 H,0 CO, Total
3,15 4,59 0,24 0,09 0,75 0,02 100,07

Analyser: Bundesanstalt fiir Bodenforschung - Hannover,
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TABLE 11

Nigoli figures of the Skouries host rock.

al fm c alk ti P h K
36,4 29,3 4,7 29,6 1,2 0,3 124 0,44
2alk
w qr al - alk o L alk Magma
0,7 132,8 6,8 0,9 {Sijtasnagranitisch.
TaBLE 1N

Calculation of the base of the Skouries host rock.

Ru Kp Ne Cal Sp Fs Fa Fo Q
0,2 16,9 17,5 2.6 1,3 4,8 2.1 1,0 53,5
TABLE 1v

L, M, Q, = v, ¢ values of the Skourres host rock.

Q ™ ¥ m
9,5 53,5 0,7 0 0,13
TaBLE Vv

Norm compesition of the Skouries host rock.

Cp Ru Or Ab An En Cord Mt Hm
0,1 0,2 28,2 292 4,3 1,3 2,4 4,2 0,4

From these tables and supposing that the chemical composition of

the rock was not changed afterwards, we conclude that the magma was
granitic (si - tasnagranitisch) and so the rock must be charaeterized as
a granite porphyry. However, if we take into account that the original
rock was allochemically altered to a large extend, mainly through the
transfer of quartz and othoclase, we are led to the conclusion that the
composition of the magma and consequently of the unaffected rock was
different.

As no sample of the unaffected rock was found, only through ar-
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guments we can reach conclusions as regards its nature. Theoretically
the following kinds of acid rocks can alter to granitic porphyry by means
of quartz and orthoclase transfer: a) granite porphyry b) syenite por-
phyry ¢) granodiorite porphyry d) diorite porphyry e) quartz - dioritic
porphyry. In cases a, ¢, and e, however the original rock ought to con-
Lain, even in small quantities, quartz ph2nocrysts of the first generation
of crystallization, which is not observed here.

Consequently only cases b and d are left for discussion. Case d
{diorite porphyry} is very improbable since the plagioclases in the rock
are very acid (189, An) and they can hardly explain a dioritic magmatic
origin. The occurence in the nearby Tsikara area of a dioritic mass with
dioritic porphyry in the houndaries can not he correlated to the host
rock of Skouries, because its plagioclases are very different (45%,-489%,
An) and lhe percentage of the mafic components much greater. So we
come to the conclusion that the original host rock of Skouries was a
syenitic porphyry, which later, by the addition of quartz changed into
a rock of granitic porphyry composilion.

SELECTIVE BIOTITIZATION OF PLAGIOCLASES,

The existence of hypogene alteration zones in the host rocks of the
porphyry copper deposils is beyond Lowell and Guilbert (1970} special
sltudies on the potassic alteration zone Henley and Jones (1970), place
it to the postmagmatic or early hydrothermal deuteric environment. In
such a process the solutions penetrating the rock bring quartz, K-feld-
spar, biotite and rarely anhydrite and alter the feldspars partly to seri-
cite and kaolinite and the primary mafic minerals partly to chlorite.
From the study of the potassic alteration zones in 27 extended ore de-
posits of North and South America Lowell and Guilbert (1970), results
that the addition of I-feldspar and biotite to the host rock is not at
random, but follows certain laws. The K-feldspar replaces an older K-
feldspar or intrudes into the plagioclaces along the twin planes, or re-
places some of their zones in the form of rings, Biotile grows in [our main
ways: 1) as fillings of veinlets in the form of fishbone, along with chal-
copyrite, alteration silicates and anhydrite; 2) as sparse or massive re-
placement of plagioclase phenocrysts; 3) as bright black euhedral units
megascopically nearly identical to primary rock biotite; and 4) as local
replacement throngh the diffusion connecting the leldspars. In the exa-
mined host rock of the Skouries porphyry copper ore the biotitization of
the feldspars differs from the above laws and follows a special regularity.
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The penetration of biotite in the plagtoslases and the replacement of the
latter in the potassic alteration zone of the rock can be described as
follows.

1) Penetration along the cleavage. Fig. 2.

The penetrating biotite constantly follows only two crystallographic
directions of the plagioclase crystals: the (001) and (010) cleavage direc-
tions. This phencmenon is better observed in the case of beginning

Fig. 2. Plagioclase crystal. Biotitization alang the cleavages {(001) and {010), 72x.

biotitization, when the replacement of the mineral is limited to the above
two directions. With advancing biotitization deviations from this rule
appear and the orientation of the deposited biotite gradually departs
from the original ideal directions. It is apparent that the original intru-
sion of the solution causing biotitization, is made solely in the above
mentioned directions of cleavages (001) and (010). It seems that when
the plagioclase is soaked by a surplus quantity of solutions, these can
cause corrosion of the crystal even along directions which do not neces-
sary coincide with the original ones.

2) Replacement in a certain plagioclase zone. Fig. 3,4.

Biotite replaces part of a zonal plagioclase and occupy the place of
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a whole zone of it resulting in a ring like appearance in thin sections.
Usually, replaced zone is next to the boundary, often, however, is the
core and sometimes the boundary or any intermediate zone. The pheno-
menon is sometimes related to case number 1 mentioned above, i.e. the
biotite 1s deposited at the same time in bolh directions of cleavage, but

Fig. 3. Plagioclose erystal aggregate in granite porphyry swith biolitized outer zones, 72x.

Fig, 4. Plagioclase crystal in granite porphyry.
Characteristic blotitization of a certain zone of the plagioclage, T2x.
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sometimes only the zonal replacement occurs. In the second case we must
accept that the solutions intrude again through the cleavage but without
depositing microscopical distinguishable biotite. Worth observing is the
fact that in the same rock sample biotite replaces always the same pla-
gioclase zone. This regularity of biotite to replace a certain zone reminds
of the phenomenon of K-feldspar replacing a certain zone of plagioclase
described by Lowell and Guilbert (1968) with the differencs that here it
refers to biotite and not to the K-feldspar.

In many cases the phenomenon 1s accompanied by sericitization
of the plagioclase. Even this proccess takes place along the two cleavage
directions and specially that of (001). Total change of whole mineral
zones to sericite was not observed. The phenomenon of sericitization is
later than that of biotitization, because in some sections sericite, oc-
curring along the cleavage traverses the biotitic ring of the original pla-
gioclase zone.

To explain the phenomenon of selective biotitization of plagio-
clases we must take into account the formation of biotite from the in-
truding solutions. It seems plausible that they should follow directions
of easiest penetration, that is, the cleavage directions and any [issures
of the mineral. In the case where the solutions intruded through fissures
the occurring biotite must appear at random aud irregular directions.
This is not observed in the examined rock, except in very few cases. Con-
sequently we must accept that the rock plagioclases lack essentially
fissures. This means that after their original crystallization the plagio-
clases have not suffered any stresses from the magma. Moreover, the
solidified rock was not affected, before the rising of the solutions, by such
strong forces as to cause fissures in the plagioclases. Such an acceptance
might probably be an explanation to the difference between the plagio-
clase biotitization in other porphyry copper deposits and the above
observed case of selective biotitization.

Greater are the difficulties in explaining the phenomenon of the
replacement of a certain plagioelase zone by biotite. The difference in
the chemical composition between the various zones does not seem to
be the cause, since in the different samples of the rock different zones
appear to be replaced and not always the same as might be expected.
Possibly the reason is a slight difference in structure and mainly slight
deffects of the crystal in a certain zone, which favour a selective in-
trusion,
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IMIEPIAHYIX

NMAPATHPHZEIZ EIII TOT KOITAZMATOZXZ HOPOTPITIKOT
XAAKOY EIZX ZKOTPIEX XAAKIAIKHYE (EAAAX)

‘Twd
A. ITATTAAAKIT

{* Foyasrijaor *Ogvxrodoyias xai IMTergoygapiac tob Havemornuiov Geaoalevinmg)

Eic mhv tomoleatav Txoupiie the Xahuduxdig dppoviletoar w6 povadixdy
péypt opepoy SwmioTwdiv xpetoddelaopov xottaspe mwoppupiTinel yokxol
dv "Exdadr. To wihofevolv métpwpa &vixel popporoyixds elg tov timov Tob
xotaxopUpwe Bublopévou ErketnTined xuhivBpou putpdv oyetindie SsTdasny
(Ebveov 140x120m) durewvbpevoy elg &yvaorov Babfog. “H peraidopopia oba-
vet eig Pafloc tovhaytorov BOO . xal cuviatartar xupteg amd yadxomupitny
®ab atdnporupitny. "0 yepaxtnplopss Tol metpapatos dd TOV dayornivtov
ubypr Tolde pé 1o Bepea Zdyou (1963) et Gunlach x.t.h. (1971) dg tpayel-
Tou xat yahafiaxodiopitinel mopplpou avtiatoiyme elvat dogaipéves. T qi-
AoEevolv métpmpa Gg Epgaviletar Siamotiopévoy Hrd yoraliov xal dAhawv gu-
ataTidy ThHe dmoyevolc Efahottioewe mapouatalel abatacty ypavitikol mop-
wbpou. Tolto émPePotobrar xal éx THe érnelepyaniag Tdv Sedopbvav ymuinic
dvadbaewg adtol. Té dpyinov dyide métpwpe Oa mpémer va fire gunvitinds mop-
olpns. "Evtog tHe Tavng motaoowdg diaiottigews Tol xortdopatog Tapovod-
Tovrar & &% evdtapépovta ponvbpeva: O gavoxpdotadhior TéV mhaylonhd-
ety Eyouv Umooth morhawtg play Sdextua)y Protitivaw ¥, émolax axoloubel
360 wavbveg. Kara tdv mpdtov 9 Promitieoiy dxoroulel Ond popehy Aemréiv
anobBéazwy Tag Stevbivaeig oytopod (004} wat (010) tob dpuxtol. Katd iy
3edrepov & Protityg xvomiler dAduAvpov Lavyy Tol mhavwoxAdatoy, % Smola
Suvatdy v elvan elre & muphy, clre wle évdidpeaog Tavy, efte xal 7 meplpepia-
w3 Lo Tob wpuaraidov. Hgotelveron ag EEfymeig Sk thv Protitioow xatd
iy Sielluvoy 100 oyrouol 4 ebrohog Steloduars TEv SudupdTwy xaTd pRxog
Toh ayiopol. ‘H mepinrtweis he xdextidds flomimieozns Oatopivey Javiy
10D xpueTEIOL, Slapdpwy xatk meplnTwoty, quvenhs Sragpbpou yMuig ou-
aragews elvar Suoyspbortepov va Epurveuld. Q¢ mbavy EEfymog mpoteiveran
7 Umapeg Sowwddv dreherdv ivrog THY Omoxabhatoupéverw Gmb frotitou {aavéiv.
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