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TEQAOTIA.— Lithogeochemical studies of barite mineralization in the
Kilkis area, northern Greece, by A. E. Kelepertzis and J. Ardrou-
lakis*, 31 tod ’Axadnpainob x. A. Movsodlov.

ABSTRACT

Lithogeochemical studies have been carried out in the areas of barite mineraliza-
tion at Kato Potamia and Leipsidri, of Kilkis province. The barite ore occurs in the form
of veins striking NNW-SSE cutting the metamorphic rocks of the Serbo-Macedonian mas-
sif. The mineralogy of barite ore is simple: barite, galena, quartz. In terms of Sr content,
the barites can be distinguished into two groups: group one from Leipsidri is characterized
by Sr contents ranging between 640 and 1580 ppm while group two from Kato Potamia is
characterized by Sr in the range 1310 to 2850 ppm. Pb- anomalies may be used to trace
the Ba anomalies too, since the two minerals (galena and barite) are both associated with
the barite veins. The barite rich samples have in a general way the lower FeO anf MgO
contents, usually <19%,.

INTRODUCTION

Both barite and copper mineralization occur in an area of 15 km? sou-
theast of Kilkis town. This area is located about 50km north of Thessalo-
niki (Fig. 1).

The veins of barite mineralization occur within metamorphic rocks of
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Fig. 1. Map showing the area under study.
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the Serbo-Macedonian massif. At the same area veins of pyrite 4 chalcopyrite
mineralization have been studied before (Kelepertzis et al., 1987). Most of the
baiite veins have been mined in the past on a small scale. Recently, a research
program has been undertaken by the Institute of Geology and Mineral Explo-
ration in an attempt to find new barite deposits in the above area.

The purpose of this paper is to evaluate lithogeochemical exploration
methods as an aid for discovering new barite deposits in Kilkis province.

REGIONAL GEOLOGY

The area under study is at the western boundary of the Vertiskos sub-
zone of the Serbo-Macedonian massif. The Serbo-Macedonian massif extends
from Beograd south across the Greek border to the Chalkidiki peninsula and
thence into the Aegean sea (Fig. 1).

The Vertiskos subzone consists mainly of muscovite-biotite schists and
gneisses of high metamorphic grade, with minor amphibolites as intercalations.

These rocks are interrupted by pegmatites and numerous quartz veins
(Kockel et al., 1977). Volcanic and subvolcanic rocks, occur in the western
boundary of the Serbo-Macedonian massif (Kockel et al., 1975; Panagos et
al., 1978; Kelepertzis et al., 1985). Some of the subvolcanic rocks have been
hydrothermally altered and associated with copper mineralization (Kockel
et al., 1975; Kelepertzis et al., 1986).

LOCAL GEOLOGY AND MINERALIZATION

The studied area is one of gently sloping hills sparsely covered by shrubs,
and cultivated land. The drainage system is well developed and is marked
in places by deeply incised systems.

The local geology of the Leipsidri area is shown in Fig. 2. There are not
available geological data for the Kato Potamia area. The main rock types
encountered are muscovite-biotite gneisses, schists and amphibolites as
intercalations. The schistosity trends approximately N-S. Both large scale
folding and microfolding are common, and the rocks are crushed and myloni-
tized along fold axes. The metamorphic rocks are cut by numerous quartz
and aplitic pegmatite veins. In the western part of the area a quartzite
unit marks a stratigraphically lower horizon of the metamorphic suite.
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Fig. 2. Map showing the local geology of the Leipsidri area.
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Several silicified veins, 300-500m long and 5-10m wide, with a NW-SE
and or /N-S strike occur within the metamorphic rocks. These veins are asso-
ciated with sulphide mineralization, mainly copper sulphides (Kelepertzis et
al., 1987). The mineralogy of the ore is quite simple: pyrite, chalcopyrite, with
minor arsenopyrite. Sphalerite and galena are rare. Quartz, barite and sili-
cates occur as gangue minerals. In the area south of Leipsidri village and
north-west of Kato-Potamia village, exposures with barite mineralization
are also found. Barite is common as a veinstone associated with galena, depo-
siting from hydrothermal solutions or from solutions which have leached
barium from the surrounding Palaeozoic metamorphic rocks. It seems that
barite mineralization has filled preexisting faults of NW-SE strike in the
metamorphics. The mineralized veins are characterized by simple mineralogy,
which consists predominantly of barite with variable amounts of pyrite,
galena and quartz. This is also shown by the chemical analyses of barite ore
from two sites, one from Leipsidri and the other from Kato Potamia (Table 1).

TABLE 1.

Chemical analyses of barite ore

Cu Pb Zn Sr
L4 100 3900 210 1580
L-2 70 720 90 640
L-3 80 61000 190 810
L-4 60 520 60 660
P-1 190 300 70 2070
P-2 220 840 70 1310
P-3 100 640 70 2250
P-4* 50 620 90 310
P-5 50 1360 30 2850
P-6 60 360 30 2070

*P-4 is a gneiss
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SAMPLING AND ANALYTICAL PROCEDURES

Ore samples (10) were collected from two barite exposures, four samples
from the barite mineralization of Leipsidri and six from the barite veins of
Kato Potamis (Fig. 3). For the lithogeochemical research core samples have
been collected from bore holes at Leipsidri area. The samples were taken from
the mineralized zone and from the unmineralized rocks above and below the
barite veins. All the samples were analysed by atomic absorption spectro-
scopy at the Chemical Lab. of I.G.M.E., Xanthi Branch. The first 10 ore
samples were analysed for Cu, Pb, Zn, and Sr (Table 1). The samples from dril-
lings were analysed for Pb, Sr, Ba, FeO, MgO and SiO, (Table 2). Polished
sections were also examined under the ore microscope for mineral texture

determination.

GEOCHEMICAL RESULTS-DISCUSSION

Ore chemistry

From Table 1 it is obvious that apart from barite, the other metallic
mineral present in the mineralization is galena. The Pb level in the ore samples
analysed varies between 61000 and 360 ppm, showing that the Pb distribu-
tion in barites is not uniform. On the other hand, the concentrations of Cu and
Zn are very low, suggesting that individual minerals are insignificant in the
barite ore, although Cu—bearing quartz veins are encountered in the sur-
rounding area.

The Sr levels of barites range between 640 and 2850ppm. Table 1 shows
that the samples from Leipsidri have Sr contents ranging between 640 and
1580 ppm with an average of 922 ppm, while the barites from Kato Potamia
have Sr contents ranging between 1310 and 2850 ppm with an average of
2110 ppm. This Sr variation depends on the mg2*/mga2+ ratio in the
solution and on the mixing properties of the BaS0,-S1SO, solid solution,
according to equation*:

* (BaSO4) solid + (SI'H') soln & (Sl'sog) solid + (Ba’+)soln

K T, (SrS0O,) var (Ba??) soin
(P’T) (BaSO4)bar (SP’+)soln
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Chemical analyses of core samples (%)

TABLE 2.
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Bore Sample  Pb* Sr* Ba FeO MgO  SiO2
hole  number

6/6 1 6200 31 0.06 1.43 1.96 61

2 2760 20 0.26 0.57 449 "

3 52 ] 0.04 10.20 7.3 50

4 34 10 0.08 10.34 6.3 50

5 124 24 0.06 5.74 7.13 48

6 5360 33 1.76 3.01 2.99 58

6/1 ¥ 7280 18 3.10 0.43 0.81 65

8 6240 14 1.22 0.71 0.94 62

9 3440 37 20.6 0.00 0.50 53

10 60 8 0.24 4.16 5.81 49

1 40 23 0.20 3.87 5.81 48

12 2600 29 2.7 0.57 1.11 65

13 300 11 0.66 1.14 1.19 68

14 660 18 0.44 0.86 1.3 68

6/10 15 34 18 4.0 0.14 0.33 73

16 92 16 0.48 0.14 0.33 78

17 36 3 0.12 0.28 0.35 78

18 30 2 0.10 0.14 0.73 71

19 140 20 1.06 0.28 0.21 78

20 12 4 0.12 0.28 0.50 76

21 50 3 0.12 0.28 1.19 69

6/2 22 2280 5 0.36 4.02 2.32 55

23 9920 16 1.80 0.57 1.16 61

24 8 11 0.14 4.02 2.65 61

25 450 40 0.26 1.00 1.52 58

26 14 5 0.12 5.60 2.65 54

27 96 6 0.18 2.44 1.79 70

28 2400 6 0.62 0.43 0.91 77

* Chemical analyses in ppm (partial analyses)
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Geochemical correlations

From Table 2 it is obvious that the borehole 6 /1 shows the Pb/Ba
association very clearly; to some extent this is apparent in 6 /2 also but not
in the other two. Since no galena mineralization of economic significance
was found and galena is associated with barite in the veins, Pb anomalies
could be used to trace the Ba anomalies in this area (Leipsidri). On the other
hand, there is a general association between Pb and Ba in the soils of Kato
Potamia as mentioned in a previous paper (Reeves et al., 1986) where both
elements were considerably raicred above ¢normaly levels and above levels
of other sulphide soils, even though the detailed correlation of Pb/Ba within
the Kato Potamia area was not strong.

The correlation between FeO and MgO is high (Fig. 4) suggesting that
FeO and MgO are both associated with mafic minerals in amphibolites (r=
0.89). There is no correlation between Ba and FeO Jor MgO contents in all
the samples analysed, but inspection of Table 2 shows that the barite rich-
samples (7, 8,9, 12, 13, 14, 15, 16, 19, 23, 28) have in a general way the lower
FeO and MgO contents, usually £ 19%,. The barite richer sample (6/9) has the
lowest FeO and MgO content. The rest of the samples have variable FeO
and MgO contents.

The SiO, contents range between 48 and 78%,. Some of the samples
have SiO, levels which are higher than the SiO, contents even of acidic
magmatic rocks (Brownlow, 1979). This means that the rocks studied have
been subjected to intense silicification.

CONCLUSIONS

The lithogeochemical studies for barite mineralization of Kato Potamia
and Leipsidri of Kilkis province lead to the following conclusions:

(a) The mineralogy of the barite ore is simple: barite, galena, quartz.
The chemistry of the ore showed that any other sulphide minerals are
insignificant.

(b) In terms of S1 content, the barites can be distinguished into two
groups: group one from Leipsidri is characterized by an average Sr content
of 922 ppm, while group two from Kato Potamia is characterized by an aver-
age Sr content of 2110 ppm.

() A Pb/Ba association is apparent in samples from borehole 6 /1 and
to some extent in borehole 6/2, but not in the other two. In general, Pb-
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anomalies may be used to trace the Ba anomalies too, since the two minerals
(galena and barite) are both associated within the barite veins.

(d) There is a positive correlation between FeO and MgO contents. The
barite rich samples have in a general way the lower FeO and MgO contents
usually <19%,.

(e) Most of the samples studied have been subjected to intense silici-
fication.
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ODIEPIAHYH

ABoyewynuines peréreg petaidopoplag Bapdtn othv meptoxh Tod vopod
Kuxls. Bépern ‘EAA&Sa.

‘O oxomodg g perérng adrig elvar # Exrlpnon g Suvartérrag Epapuoyiic
@y ovpmepaopdtey Afoyswynuixdy Epevviv otig meploxds Aswfudplov-Kdro
Motauidc pé oxomd 76, dvromioud véwv APy Bapdrty othv edpeia meploxy) Tol
vopol Kudxtc.

Srig meproyts véTix Tob ywprol Aetddpr xal Boperodutixa Tol ywptold Karw
Mot tob vopod Kidxls dmavrd petadhopopia Bapltn péoa ot petapmoppauéve
netpopata T ZepBopaxedovixiic Lhvng.

‘O Bapbrng cuvavtdTar Omd popel PAsB@V xal dmotélnxe dmd HSpobepuixd
Stadpata Eumhovtiouéve ot Bhpro péox 6t wpolmdpyovra PRypaTx TAY peTa-
L0ppIxy meTpwudTwy. Th metpduate adrd elvat pooyoPrrixol-Brotixol yvelotot,
oyLotémbor xal &upiBorites pé ) popeh mapeuBoAdv.

‘H dpuxtodoyd) obotacy Tijs peradrogoplug elvar dmhly xal mepthapBdver
xvplwg Bapdy, pt wxpdrepa ook oidnpomuplty, yahqvity xal yadalia. *H yquuch
dvddven 10 Serypdrwv petadedpatog Bapdty (IMivaxas 1) Eeike 8ru elvar mapbvia
motAa moox woAdBSov xai otpovtiov. Ta orouyeio Yeuddoyvpos xal xxAxdg
dmavToly 6t pikpes TEPLEXTIXOTNTES.

T ™ MBoyewynuuxh Epevva ENgbnoav 28 Selyparte dmd mupijves yew-
Tphoewy wod elyav yiver omiv meproyd) Aewfudpiov. Ta Selypota adrd, mod mapt-
oTobv petahlopbpa xal ui) TETpORATE BTEpAve xal xdTO TGV Lwvédv Baplty, dva-
ABnxav pt ) wébodo Tig dvopuwiic dmoppbemons yix ta otoeix Pb, Sr, Ba,
FeO, MgO xai SiO2.

o) yedtpnon 6 /1 gatvetar pla cxgpig Bty cuayérion uetald Pb xal Ba.
Adrd elvan Enlong xatapavis oth yedtpnoy 6 /2, dAAa &yt atig Vo dAdes. "Emcid
3&v cuvavtiByxe petadropopla poAdPlov olxovopuxic onpactag oty edpeia mwe-
proyhy Kuklg, of dvwpadieg Pb pmopel va ypnorpomomBolv yid thv dviyvevon dva-
poAtédy Ba. Térowx ovoyérion petadd Pb xal Ba BpéOye Entong ot &ddon dmood-
Bpwaons mdvew &nd @AEBeg Baplty otig md whve mweploxds (Reeves xal Kedemep-
¢ 1986).

‘H cvoyérion peratd FeO xai MgO elvar woad ddmAy (r=0.89) xal adrd
IAdver T ovppetoxn) Twv 6t geped dpux T GUPLBOALTEY.

"Amd tov Tivoca 2 pabverar dntone 8tu ta Selypota wobd elvan éumiovtiouéva
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ot Ba(7, 8, 9, 12, 13, 14, 15, 16, 19, 23, 28) &yovv t& wixpbrepn mepLeybpeva
FeO xat MgO, cuwviifwg 149 70 8¢ mhovoibrepo ot Bdpro deiypa (6/9) Exer 1
pixpbrepo mepieydueve FeO xal MgO.

To ovumephopata dnd THv mapolox peréTn THg yewynuikdic Epeuvag
Sevypdrwv dmd mupives yewTtpnoewy elvac:

(x) Ot yewymuixts dvwparies Pb umopel va yonoipwomounBolyv yiax why dvi-
Xvevon avepah@y Bupbty, deol 0 yaAnvitng oav mapayevoTixd Spuxtd elvan mapdy
o1d petdihenpa Bapdty.

(B) Omdpyer &pwnTixly oucyérion petaEd Tod Ba xal tév dEeidiwv FeO xal
MgO, 3nhadh ol Laves yewynumdy dvopahéy Ba yepaxtnollovrar dmd yaunid
nepieydpeva FeO xal MgO.

(y) & meproobrepa dmd T Jelypata mod peAeThOnxav Exovy HYMAS mepe-
xbuevo SiO, wod bgetretar otiy Evrovy mupitiney).

(8) Ta ovpmepdopata (x), (B) xai (y) wmopel va épapuocoly oth yew-
el peéry i edpelag meproxdic Tig dmolwvng Beprioxov tig TepBouaxedo-
vixiig Ldvng pé oxomd Tov évtomioud véwv ouyxevrpmoewy Bapdty.



