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ABSTRACLCT

Wollastaonite, usually assocrated with copper minerals,ap-
sears in the contact metamorphic aurecle of Kimmeria, near Yanthi,

id is genetically related to the ¥anthi plutonite, Thne mineral as-
gemblanes:{a) wo11astonitexgarnetic11nouyroxenetschee1ite:chalcopy-
ritetbornitexchalcociteraikinite and (b} wollastonitezgarnetzclino-
yyroxene::aTciteiquartz:epidotexhematite {specularite) were found.
pexistence of chalcopyrite-bornite with wollastonite-andradite in-
‘dicates moderate relative f0p - fSp conditions. Hematite and epidote
which form in a late stage of retrogression jndicate increasing oxi-
dation conditicons., A zonal pattern characterized by a depletion of
fe and decrease in fOp from the grancdiorite toward the surrounding
marbles is recognised in the contact metamornhic aureole of Kimmeria.

IYNOWH

Bohhaotovitne, nou ouvodeletar duvABug and xahkolxo 0pu-
Kkt4, avantoooetal otn fwvn petaubdppuane enapnc twy Kippeplwy kot
guvBiETOL VEVETLXA UE TOV nAoutwvitn INg Tavlng. ALoniotwBnekav tTa
‘gkAAoufa opuktoloyukd afpolouata (al RohhaotoviTngsvpavaTngs xALvo-
nupbisvoc:asahLrnc:chxonuoLtnc:Baovquq:xckxoctvqc: alkevitng kal (B)
&ohhcctovLrnc:voavdtnc:xhLvonuoéEcvoc:acﬁzcritncixaha(iacgsnLﬁotot
tavyaritnc(onekouhaplTng). H ouvinapin yahkonupitn-Bopvitn Wwe Bohha-
otovitn-gvBpabltn unodnhtvouv OxETikd EvBLAUEDECQ ouvBhKEC fDE - FS?‘
H napounia atpyatitn xaL €nitddtou nou gynuatlfoviaL otny avadpoun wa-
on Tou skarn unoBnAwvouv ubnAOTEPECQ ofeLBwTLkEC auvBhrkec. Ztn Zavn
PETouoowwoNnG enaglg TWv Kipypeplwy SLanitoTtwVveTal yla ehrattwon tou Fe
Kat uelwon Tng f02 andg Tav ypavodroplin mpog 1Q neplBdarhavTa udpuapa.
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13 Faf Hamroobéron

In the area of Xanthi,
‘aiweftended Plutonic body of
ised (Fig,

which-belongs geologically to the Rhodg
1005 km im lenght and 4.5 km maximum width i
1) The surrounding metamorphic rocksiare mainly quartzofeldsp
“Pedd tic mgneissess eclogit ie ampiibelites, marbles, and minor calcsilicat
S metafultramatics and mica schists. The Xanthisplutonite is a composite p]
Body, its compos jitjon [ohanging eastwards tg more mafic (
frevail¥ng rock type is grancdiorite (=78s of exposed ar
quartz monzonite:'ﬁonzogébbro,
nate.

Christofides, 197
ea) while monzonj
gabbro and quart: manzonjte porphyry are
[n the studied area the plutenite 1s of granodioritic composit
chemical and mineraglogical characteristics of
with its magnetic susceptibil
granitoids (Skarpelis, 1989).

ion,
the granodiorite, in conju
ity indicate that it belongs to the magnetj

A contact metanorphic aurenle, formed by interaction of the {a

tonile with the surrounding metamorphic rocks

» Mainly with the marbles, js
sed

north of Kimmerija village and north of Xanthi {Fig. 1), In both conta
morphic aureoles extended wollastonite bodies, occasicnally with copper m
Tization, occur at the immediate contact with the marbles,

This paper deals with the petrography of
the physicochemical conditions

prevailing during deposition of the associa
copper mineralization,

MAPATHPHILIS YNAIBPOY-FIELD RELATIONS

The contact metamorphic aurecle of Kimmeria appears two kil

narth of Kimmeria village and extends about 300 m from the contact wi

nodiorite. It is developed mainly at the expense of marbles,

Ty follow the bedding of the marbles {stratiform} but irrequl
cur. Metasomatism affected alsp the maroina)

The skarns ge

ar forms also

parts of the oranodiorite givi
rise to the so-called endoskarns

Lthe granodiorite becomes

minerals. Both calcic and magnesian skarns occur, they f

armed at the expense
calcitic and dolomitic marbles,

respectively.
minant type., Garnet (grossular to andradite)
rgite) and epidote are the
spinel and

» clinopyroxere (diopside to h
main minerals of the calcic skarns whereas oliy

phingopite appear in the magnesian skarns, Orthopyroxene and co

in the contact metamoprhic blotite-gneisses (see Liati, 1986 fo

s scheelite-powellite
lzations are found, According to Liati (198
mMaximum temperatures during contact metamorphism should have be

rite gccur

tails), An important magnetite mineralization as well a

molybdenite, and sulfide minera]

en around 7
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the wollastonite bodies a

ometers
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Approaching the contact witn the country
bleached due to the disappearance cof ferromagnesian

The calcic skarns are the predo
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| ene. In sone cases, green=colourEdNTaFNet FoMms a 1most pure garnetitel ba

s was'detarmined for Tocks 1yin4 at the inmediate vicinity with the
ribes. Pressupespshould notehaveve «ceedsE™y kiar.
Eﬁhiﬁﬁiﬁ’wéiihggggjteioceggs gither at the immediate contact
granodiorite with the marbles, or within the marbles, as isolated bodie
cotoun yanies (firom fednly whi té telpink or Tioht Brown while its crysta
;ggtésikeaéh 15 em in length, The wollastonite ﬁodﬁes have mainly a len
Sfape.and arg-@jthen monomineralic or assogfated with narnet and/or clf

andfor smal] pods in the wollastonite bodies. Cu-Fe sulfides and hemafi{
cularite) are often observed either in form of small pads and veinlets of
disseminated minerals in the matrix, while some wollastonite occurrences |
selectively enriched in Cu-Fe sulfides,

NETPOr PAIA-PETROGRAPHY

; 2
The following mineral assemblages were observed in the wollaston]

bodies;
(a) wo1]astnnite:garnet:c]inopyrcxene:scheeTite:chaTconyriteihornitet

chalcociteraikinite, :
(b} wolIastonite:garnet:c]1n0pyroxenetca1cite:quartz:ep1dote1hematite N

(specularite), :
The paragenesis: calcite+ quartz+ epidote+ specular hematite was not observi
in association with the sulfides. '

Garnet is euhedral to subhedrai and in most cases 1s strongly bipe
fringent with or without sector twinning, It s often in textural Equilibi
with wollastonite and clinopyroxene while more rarely it occurs as inclus
in wollastonite,

Clinopyroxene forms fine-qrained aggregates, It occurs ejther in.
of inclusions in wollastonite indicating early formation during the jnitial
ges of contact metamorphism or in the matrix; together with garnet, as a il
mineral formed during the main skarn stage,

The Cu-Fe mineralization comprises chalcopyrite, bornite and chai
cite. Aikinite is found as disseminated grains between the former minerals:
Massive aggregates of these ore minerals are dispersed into the wollastonit
garnet masses. Chalcooyrite is commanly developed interstitially between wo
stonite and garnet grains, Chalcopyrite lamellae in the shape of very thin p
tes parallel to the (001) olane occur commonly within bornite grains, Chalco
rite and bornite grains are surrounded by a rim consistine of chalcocite. §

cular hematite occurs as a retrograde ohase in form of coarse-bladed sheafs,

| | r’.’ ‘ 4 "
usually associated with quarts and/or epidote, oo BEco
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i i ich in
": hedenbergite (= 75% diopside). Epidote s vic \
g to
alcop
.'ents rangina from 0.5 - 1 gr/tn.Na

tesive magnetite (average content.

1 the XC0
ysually at relatively high temperatures depending a( t : h1
. ; ) i i5 usually Tsocnemica

\ 1985). Its formation

se (Tanner et al.,

n 2 Teitie:

nates are pure ca . o

pluton, The widespread occurrence of andradite asso

: I idizi natic

of Kimmeria area indicates that oxidizing metasoma

4nfiltrated the zone of wollastonite. -
i ar fr

dite was supplied either from the wollastonite or

‘tural features indicate

‘refore 1mplying

metamorphic processes,

XHMTEMOZ DPYKTON-MINERAL CHEMISTRY

i 1s are given 1n Table 1.
probe analyses of silicate and ore minera
Micropr

g 15 enric ed na JSI{EIE!’.—
g nost o] re ndradite ﬂld Cl nooyroxen
u a r
a 5

E pistacite end-member,
i -mula. Concentrates of

4 bornite are very close to the ideal formula, Con R

o ir thod, yielde

e commercially analyzed for Au by the Fire Assay method, . . N

- - tive gold is reported from the Kimmer

; i halcopyrite within

1e, where it occurs in retrograde pyrite and cha pf

o it 3,2 gr/tnt Michailides et al,, 1989).

SYNBHKES TENEZHE-GENESIS
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urless, the carto-

| f intrudin
In that case, 5i can be suoplied from tne 1 ‘ g
: ed with the woljastonite

fluids (transporting Feld+)

Tne Ca required for the formation of andra-
the adjacent marbles.Tex-

i jte exn1st, the-
that more than one generation of andradite ex

5 of tne contact
oxidizing conditions throughout several stage

L . i
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: te-rich clinooyroxene which 1s
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““Table 1.

i
510,
A1504
Fe,0,
Fe0
MnO
Mg0
Cal
Na20
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able reqardless of other constraints (Burt, 1972; Ejnaudi et al., 1981; Ei-

= +
1982) whereas high f5, can produce an assemblage containing an Fe2 bea-
) [&

csilicate and an Fe-rich Cu sulfide {Einaudi, 1982), such as hedenbergi-

.
jg cal
olus chalcopyrite, respectively.

1 In the case of Kimmeria area, oxidizing conditions were deduced for the

Representative microprobe analyses of silicate and ore

‘minerals

en-forming stage. It seems that during later formation of the Cu-mineraliza-

‘Pfﬂ?. Jgtw ! "?! cp I:.1n wollastonite, oxidation conditions have been reduced, as indicated by

53.1 35.3 50.3 Cu 34.8 35.4 62.4 :,coexistence of wollastonite with chalcopyrite (reaction (1)). High 5, con-
0.18 0.37 0.37 Fe 30.1 29.3 11.2 ] tions are also precluded by the coexistence of bornite with andradite, accor-
0.64 30.0 0.29 S 34.9 35.0 26.1 ng to the same reaction. It seems therefore that moderate fS,-fD, conditions
Sudy B i ayailed during the formaticn of the Cu-mineralization assaciated with the wol-

1.57 - 0.38 99.8 99.7 99.7 Iionite which probably took place after the main skarn stage characterized by
12.0 - - gh oxidatian conditions. Chalcocite rims around chalcopyrite and bornite cry-
25.6 33.8 48.4 2(s) 4(§ﬁ{' 1s can be explained by lower temperatures or by decreasing sulfidation of

0.3 = - Cu 1.01 1.02 4.82 fluid. The presence of pistacite-rich epidote as a-late farming retrograde

ineral suggests that late stage fluids, which followed the formation of Cu-
eralization was H20-rich and cxidizing, since this variety of epidote 1s

Fe 0.99 0.96 0.99

99.86 99.47 99.74

stable only under relatively high oxygen fugacities (Liou, 1973), The associa-
tion of eoidate with specular hematite is an additional evidence for:the high

(4) (8) (3) '

ChEions: -cuttons ORgens loxidation state of the late (retroarade) fluid phase.

1.998 2.985 0.981 cpx:clinopyroxene
0.002 0.015 0.009 gt: garnet

wol:wollastonite
cp: chalcopyrite

SYMNEPAZMATA-CONCLUSIONS

The mineral parageneses appearing in the wollastonite bodies of Kimme-
0.006 0.021 - P

0.018 1.912  0.004

ria reflect continuous cooling and evolution of the chemistry and oxidation sta-
te of the metasomatic fluids. Andradite is the dominant metasomatic mineral for-

0.203 _ bn: bornite |
med in the main skarn stage. Cu-Fe rich fluids reacted with wollastonite to form
g.::g ) 0:006 andracite+ bornite at a later phase when f02 became moderate relative Lo fSE.
’ - . The Cu-minerals coexisting with wollastonite + andradite are potentially valuable
1.031 3.066 1.012 indicators of relative oxygen and sulfur fugacities in hydrothermal ore deposi-
0022 ) ting solutions. Fig 2 is a schematic f5,-fC, diagram based on natural assemblages

of the svstem: Ca5103-Fe—Cu-0—S. as compiled by Burt (1972) for temoeratures
slightly greater than about 330°% €. In the case of the skarns of Kimmeria, the

3.999 7.999

coexistence of wollastonite, chalcopyrite, bornite and,andradite suggests condi-
tions along the univariant line (1). As temperature dropped, during retrograde
processes, fo, \ncreased and stability conditions entered the field of hematite
(Jine 2). This is also evident by the formation of eoidote as a retrograde mine-
ral, uuually along with quartz and sopecular hematite, The presence of a hydrous
retrograde phase such as epidote suggests that H,0 -rich fluids dominated throu-

ghaut the retrograde stage (compare Kerrick, 1574). However, in  some cases
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increased locally resulting jn the formation of secondary calcite.

The association af andradite-rich skarns with magneti
antact with the intrusive

te-pyrrhotite-

;}cgpyrfte:Fe-rich sphalerite ore at the immediate ¢
of chalcopyrite-bornite in the wolla-

(1)

o the area of Kimmeria, and the presence
crease in total iron in the contact metamarphic zone,

{Mnite zone reflect a de
whereby

A zonal pattern is therefore recognized in the calcic skarns,
n was depleted and f02 decreased from the cranodiorite to the marhble
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Fig. j
q. 2, E:g:oofFéhE schematic 2uS -u02 diagram of the system
(Burt? lQ%Z#kOL?EhaEh;emp ratures slightly above 330°C
;e?t foraloeh most relevant reactions. See
ol:wollastonite, Cp:chalco 1
) : Le, ¥ pyrite, Bn:borni : -
dite, Cb:cubanite, Mag:magnetite, Hem:hemat?ié.ﬂnd.andra

Euk.,2.

Tufiua tou

Tog Ca5303

andg 330°C

a;}%ﬁgdiiLc. Eneknynan oto keipevo,
© woAAagtoviTng, Cpixakkonupitng, Bn:Bopvitng, And:av-

Spaditng,

OéHUGILKOU Suavpdppatog ZuSQ-uo TOU OUGTAWa-
-(g»tu-0~5, ge Beppokpadleg Atvg ubnidTEpEg
urt, 1972}, nou nepiiauBdver tig OXETLKEC

Cb:kouBavitng, Mag:payvatitnc, Hem:atuatLtne,
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