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THERMOBAROMETRIC CHARACTERISTICS OF FLUIDS ASSOCIATED
HEELITE VEINS OF METAGGITSI=SALONIKIO, E. CHALKIDIKI PENINSULA

S P.Kilias*
ABSTRACT

rTmary aqueodus C0,-bearino fluid inclusions with variable C0,/H,0

5 coexist in quartz and scheelite from vein systems hosted by

X sses and schists of the Vertiskos Formation in the Pirgadikia,
Salonikio area, E. Chalkidiki. Inclusions with Tow C0O, volumetric

5-25 vol% homogenize to the H,0-phase at temperatures between 230

whereas those with high CO, volumetric percentage of 55-85 vol% homo-

C0, phase at temperatures ranaing from 220 to 331°C. Salinities

10 equiv wt.% NaCl. These veins formed from bailing CO,-Tuden

peratures of 250-400°C and pressures between 1 and 2 kbars during

e greenschist facies metamorphism.

ZYNOWH

Mpwtoyevh peuotd eykAelouata nepLéxovta CO, pe petaBAnth avakoyia tou
0¢ T0 H,0 xat ‘dyko, guvundpyouv oe xahaEla kat oeehltn and cuothAuata oreBov
olvtaL péoa oc Sipapuapuylaxkols, yveuolouc kal oxLotoAlBouc tne oeilpdc
gkou, otnv nepLoxh Nupyvadikia-MetayyltoL-Zarovikid otny Av. Xahkidikd.
a e xaunify kat ‘dyko avaroyla oe C0, (5-25%) opovevonoiouvtar oTnv udd-
ot Bepuokpaoleq petalu 240-325°C, eve) exelva pe ulnAd kat "dyko avakoyia
~85%) ouoyevonotolvtaL otnv pbon tou CO, o Bepuokpaoleg 250-328°C.
elvar puLkpdtepee tov 10% x.B. Loodlvauo NaCl, 0. oAéBec autéc oxnua-
v andé avaPpdlovia Eiaivpata mioloia oe (8, k4tw amd Bepuokpacieg 250-400°C
Lg 1-2 kb katrd tnv SidpkeLa avdSpounc PETaUOPGWONG TPACLVOOXLOTOALBLKOD

EIZATQrH - INTRODUCTION

' Scheelite mineralization of the Piraadikia-Metaqoitsi-Salonikio area in
idiki Peninsula (Fig. 1) occurs within quartz veins and veinlets

d in two-mica gneisses and schists of the Vertiskos Formation. The
iskos, and Kerdilia Formation to the east, comprise the Paleozoic or older

1 et al,1977) Sercomacedonian Massif (Fig. 1). Intense exploration for

in the area was carried out durina the years 1963-1972 by various
companies,and IGME since 1984 (Veranis and Bitzios, 1984),
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| BULGARI

YUGOSLAYIA

r reports fluid inclusion data in an attempt to decipher the
ermobarometric characteristics of the fluids responsible for
quartz-sheelite veins in the area.

FIA - GENERAL GEOLOGY
formation is a heterogeneous assemblage consisting of litho-

the Upper-Paleozoic to Triassic Perirhodope Zone to the west

w
: if _.ﬁﬁ 5 g .Ill a gneisses/schists, amphibolites, portions of metaophiolitic
. §§ g E §= “@ dies (i.e. Arnea), and few occurrences of marble.
5 35 -f;g’ z; A s pocks are considered to be of volcanosedimentary, sedimentary,
E §§ gés E.;.E o ntal orioin (Fournaraki, 1981; Papadopoulos, 19823 Dixon and
5« 2 E-.-. ;3 Kougoulis, 1986; Kouaoulis et al., 198?}. Reaarding the
ggg 54 : ” orphic history of this heterogeneous rock assemblage, and de-
o £ X V elopments (Patras et al., 1986: Dixon and Dimitriadis, 1985;

) a complete and thorough description of the successive events

o/

S’
Pyrgadikia -
Met aggitsi

at this stage. However, ¥/Ar datino of amphiboles from amphi-
sses (E. Simos, 1989, writ. commun.) aives an upper limit of
per Cretaceous) for the reoional amphibolite facies metamorphism
-§2A event (which was followed by retrograde greenschist facies
t have commenced in Jurassic since it has also affected rocks
pic-Lower Mesozoic age (S, kalogeropoulos, pers. commun,).
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skos Formation in the area of Metaggitsi-Salonikio where scheelite
1 occurs is underlain by E-W trending two-mica aneisses of possible
tabasic rocks of igneous origin, tourmaline-and/or carnet-bearing
cherts with banded iron formation, and a limited number of dykes
position (Veranis and Bitzios, 1984) (Fig.2).

:ges
of AXICS zone
&
4's

and Bitzios (1984} have observed two major stages of deforma-
2), and two minor secondary {Ds and D.), of probable Alpine age
Dy is characterized by numerous closed and reccumbent isoclinal
jxes plungina 0 to 15° from MW to SE. D; is accommanied by S-type
n-s1ip or crenulation cleavage and microfolds. This second stace
terized by folding with b, axes parallel to by plunaoino to higher
, sugaesting that the two deformation stages belong to the same
S.

Ophiol

CIRCUM
RHODOPE
BELT

types of faults have been observed in the area: (a) normal, and
rending E-W and dipping less than 45°. Shear zones in the area
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Peminsula [(Verams and Bitzios,

Geological map of S E. Chalkidik:

F®logrias Livadi

-;f'fha seco

,ninera]ization in the Salonikio area is contained within

. yeins and veinlets trending from NE to E and dipping 50 to 70°
rifo11ow the S-type fracture cleavage which are related to the
t. The veins are hosted by two-mica gneisses and schists,
sts, and locally metabasites. The veins have sharp contacts
km length. The width of the veins varies from a few cm to

te is the main tungsten-bearing mineral, accompanied by traces
stolzite. The two wolframates are associated with traces of
lypdenite, and goethite, and gangue calcite and white mica.

eavn xar Mmitiio, 1964)

Be

TON EFKAETMATON - FLUID INCLUSION STUDY
| inclusions were studied in double-polished chips of 200-300 u
yein quartz samples. Microthermometric measurements were con-
v11y selected fluid inclusions usine a temperature programmable
eating-freezing system (Shepherd, 1981), The stace was cali-

2 -100 to 600°C using various melting point standards accord-
of Macdonald and Spooner (1981). The uncertainty in the

the temperatures of the phase changes described is 20.5°C.

1977, tpomomoinuévog amo

al.,

he basis of the microscopy and heatina-freezina studies four types
jons in quartz and scheelite were distinquished :

ﬂﬁ,-H,O inclusions (CO,, 5-25 vol.%; modal value 10 vol.%) with
3.8 equiv., wt% NaCl) and average bulk density of 0.93 g/cm?

et

) €0, inclusions with average bulk density 0.80 g/cm® (Fig. 3C).
squeous inclusions (gas 5-20 vol.%) (Fig. 3D).

lusion types A, B, and C are generally small (10-50 u in the long-
and they are either randomly distributed in the host crystal or
jero-fractures. Inclusion types A, B, and C with no obvious

on which were considered primary (Roedder, 1984) and cogenetic
neral and each other, were exclusively studied. Type D inclusions

Tewropxog xipTng Tng LegPopaxebovieng Zwwng ( Kockel
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ide extensive bands that occupy healed microfractures, are
yry and non-related to the tunasten-mineralizing event, and

further.

OMETPIAZ - FREEZING DATA

phase in type A, B, and C inclusions melted at temperatures

-SG.T%jndicatingrﬁpat ;hf non-condensable aas in these in-
A 1

with traces of CHu fSwa%é;berg, 1979; Heyen et al.,1982).
8 and 10°C (average value, 8.0°C)

The

aTted at temperatures between )
5,5-10°C (averace value 8.5°C) (Fig, 5B)for inclusion types A and

ities of the inclusion fluids, expressed in terms of equivalent
(1 were estimated in the system H,0-C0,-NaCl from the melting
clathrate (Fig. 5) (Collins, 1979).

lar composition is calculated in the svstem H,0-C0,-NaCl from the
€0, fluid phase (Anqus et al., 1976), salinity and density of the
d phase (Potter and Brown, 1977) combined with estimates of volume
phases observed in fluid inclusions usinao equations aiven by

Crawford (1985).

A BEPMOMETPIAS - HEATING DATA
2 C0, phases in type A inclusions homogenized at temperatures between

C (averace value, 23.6°C), the oaseous phase dissappearing (Fig. BA).
‘faqueous phases homogenized into a liquid {aqueous) phase at tempera=
range 230-325°C (averaqe value, 2702C) (Fig. 7A). The CO; phases

lusions homogenized into a liquid €0, phase at temperatures between

Fig. 3. Fluid inclusion types.
(average value, 17.3°C) (Fig. 6B). The total homogenization of these

A. Coexisting primar
: y A and B type inclusi ; .
st ) usions. CO i
(Cg L-cgt1?? an?t 25% (A), and about 70% (B) ;f(l;guzd+¥ap9r}-phase_
B. Rep;eéeniat1QU1 i C0,v:C0, vapar; H,0L:H,0 liquid) RSN el
700 of rrocive primary 8 type inclusion.  C0,-ph o - -
C. Three-di e inclusion volume. 2~Phase occupying more thig
. -dimensional cluster of monoph
. a i : . 4
D ﬁgg?gdrigggie"t1nq 100% of the ingru:$;;t¥g$u;ECTUS1°”s' €0, (Tiquid}3
. ure containi :
oo ;ﬂ“gL PEUTTGY vahztﬂudtm: ng secondary D type aqueous inclusions.
- Zuvumdpxovta nputovevh e :
ykAeloyata Ty
KaL aé Tumou £ kai B.
. evg;géosg:géu??gvs% neplnou 25% (A), xau neoinoE ?gg”(g?utfﬂeé{iv;
B. AVTLNIDOOWNEUTLKS 2L:C0, uypd; CO,v:C0, aéproy H.OL:H.0 u L
BdveL HSOLaobteoongﬁgogggtc éYgAELGuG tonoy B. H édﬂﬁ Tou ggo}éatchu
€. TpLodidot TOU OYKOU TOU EYKAE(opar :
(uvai) Kug;gﬂsgzs:?ugGU?EggaoLKmv EYKAE LOUGTWY gﬁngﬁ-t. H odan, toy CO
D. Emouduwuévn puyun TOU Gykou Tou evkie(oHRQIOKA BIBAIOBRKN "G)sé"
UN mepLéxouoa Seutepoyevh eykhieloyata tuﬁou D

occurred with the disapearance of the liguid (aqueous) phase at

in the range 220-331°C (averaqe value, 292°C) (Fig. 7B). A large

)f type A and B inclusions decrepitated before total homcgenization denot
h internal pressures. The CO, phases in type C inclusions homogenized
jquid CO, phase at temperatures between 6.5 and 23.9°C (average value,
4g. 6C). The secondary type D inclusions homogenized into a Tiquid
peratures in the range 110-135°C (aver age value,115°C). Freezina

data are summarized in Table 1.

Aoyiag. A.lN.O.
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IZ0XQPON KA ZYNOHKEZ ANOBEZHE - ISOCHORE CALCULATIONS AND
OF DEPOSITION

8 shows groups of calculated jsochores of selected inclusion
€ with molar volumes (types A and B) and densities (type C) as
the microthermometry data and calculated oroperties in the

NaCl and H,0-CO,, with the use of Fortran proorams in an IEM
ter (Nicholls and Crawford, 1985),

e deposition, is indicated by the intersection of the three cor-

Common fluid entrapment,

. f calculated isochores at temperatures of 250-400°C and
en 1 and 2 kbars as indicated bv the shaded area of Figure 8,

ing studies have shown that type A inclusions contain 3-12 mole%
20-45% mole? CO..
The apparently primarv inclusion types A,

B inclusions are richer in CO, and contain Type C
: tain almost pure CO,.
are cogenetic are characterized by highly variable compesition.
ntrapment of inclusions, with larae variation in the C0,/H,0
how both homogenization in the CO0, fluid phase (tvpe B, high CO,
and the aqueous phase {tvpe 1, low C0, molar content), at almost
tures (Table 1), sugaests that the fluids in theseinclusions were
boiling hydrothermal solutions at the above mentioned P-T condi-
ntrapment of different provortions of two immiscible fractions

- formation of a larce number of mixed inclusion which exhibit

2 C0,/H,0 ratio and salinity as in inclusion types A, B, and C.
tion is supported by the large rance of overlappine final homo-
‘ature observed for type A and B inclusions which coincide with
ratures indicated by intersectino isochores,and the wide

over which C0, and saline H,0 are immiscible for pressure around
ties up to 6 equiv. wt¥ NaCl (Todheide and Franck, 1963; Cehrig
Takenouchi and Kennedy, 1965; Bodnar et al., 1985).
d to the tectonic development of the scheelite-bearing veins

Boilina is

eated hydraulic fracturina caused significant pressure fluctua-
na in C0,-H,0 unmixing. In addition CO, separation from the low
othermal fluid may have caused rapid cooling and had a marked effect
pH with a shift from weakly acid to weakly alkaline at around

18 scheelite deposition (Mioains, 1985),

ure, temperature and composition of the mineralizing fluids are
formation during the last stages of retrograde greenschist facies
which probably either remobilized preexisting tungsten mineraliza-
leaching of tunasten from the surrounding rocks, and deposition in

Al.O.
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the veins. Hydrothermal solutions rich in €0, are associated with tunasten g
| Posits imivarious eeelogic envirorments many of which contain evidence of
hete roceneoys €03-H, 0_hydrothermal. fluid (e,q. Shepherd et al., 1976, Kelly 3
Rye, 19795" ChetMetz,“1982 Y, land C0. is known to play a very important roje

(1986). Retrograde metamorphism and determination of protoliths
Formation, Servomacedonian Massif (Morth of Volvi lake and

0dikino) . -Unpub. report, IGME,(in Greek),

ITZIAS, S. and PAPADOPOULCS, H. (1989). 1. Ceolooical and

transportation.of stongstensin solution in carbonic complexes, and its depos it edonian Massif and their metallocenetic sianificance.- tmpub.

(Iiandva and Khodakovskii ,/1968; Higains 4&nd Kerrich, 1982; Higains, 1985), ‘and SPOONEP, E.T.C. (1981). Calibration of a Linkam TH 600

Recoonitien of suech fluidswaecompanied with deposition mechanisms' =Eeon. Geol., 76, 1248-1258.

ic study of amphibolites from the Servomacedonian Massif related
ic complexes. 2. Geology (origin) of isolated serpentinites from

le heating-cooling stage for microthermometric examination of fluid

such as;béiTan, based on fluid Tnclusion studiesy constitute verv important ND CPAWFORD, M.L. (1985). Fortran programs for calculation of fluid

from microthermometric data on fluid inclusions.-Computers and

evidence which may be used-in exploration for tungsten deposits, 11, 619-645,

=

Nord-Griehenland).-Dissertation, tn. Wien, (in German).
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