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The Agios Filippos ore deposit, Kirki (Western Thrace).
A base metal part of a high sulfidation epithermal system'

NIKOS SKARPELIS*

ABSTRACT

The Agios Filippos mineralisation occurs as fracture fillings and breccia-hosted sulfides and sulfosalts
in a tectonic zone bounded by two pre-mineral subvertical faults. Rhyolites, which predate the
mineralisation, intruded the volcano-sedimentary host lithology. An advanced argillic alteration with
alunite and minor pyrophyliite followed an early pervasive grey silicification of the rocks. Propylitic and
sericitic hydrothermal alteration zones are developed peripheral to the ore zone. A part of the deposit
comprises hydrothermal breccias of previously silicified sedimentary rock and rhyolite. Covellite of
hypogene origin was recognised in the upper parts of the ore zone. The Au content of silicified and
advanced argillically altered rocks is very low. Concentrates of Cu-sulfosalts do not contain economic
Au grades. The overall features of the Agios Filippos mineralisation are considered to be similar to
those of high sulfidation deposits. A comparison with conceptual models of high - sulfidation epithermal
systems indicates that the upper silicic part of the deposit has been eroded.

MEPINAHWH

H petaMoopia tou Ayiou Pidinnou @idoteveital ge TEPaxog evog NYaictelo-kKAAoTUKoU oxnua-
ugpou, nou opioBeteital and 60o unonapdMnAa pAyuata. Katd pAkog tng pnéiyevoug zovng éxel
die10600er puokiBikAg olUotaonc typa, nou dnuiolpynoe @AEéBa puoAiBou kal puoAIBIKWV Aatuno-
naywv. O puodiiBog eival npoyevéotepog NG Petarowopiac. H puetalogopia avantigoetal 1660
Héoa oto pudMBo 600 Kal O1a NETPWHATA TOU TePdXouC ToU NYaioTEIo-KAaoTIkoU oxnuatououd, ta
onoia éxouv UNOGTel Pia NPIUN TP NUPITILGn, nou akohoudriBnke and NPOXwPNUEVN apyIAAIKA
efaMoiwon pe arouvitn. Ta nupitiwpéva TuRpata oe apketée Béoeig éxouv unootel udpoBepiki
Aatunonoinon (hydrothermal brecciation). AvaiUceig Au oe Gelypata tegpnrc nupitiwone deixvouv
efaipetikd pPIKpEG ouykevipwoelg. To tuAua tng petalioopiag n onofa eival eivar nhouola ge
Belodiarta tou Cu, xapaktnpizetal ané xauniég ouykevipooelc Au. H petarrogopia tou Ayiou Pinin-
nou ta€vopeital otic emBepUIKEC petaroopiec Uwning Beiwong (681vou - Beiikol TUnou). Luykpi-
VOVIOG 10 XApakinploukd Tou Kormdopatog pe ta 16eatd POVIEAD Twv eNBEPUIKOV KOITaoaTwyY
upniic Belwaone, cupnepaivetal 6t 1o petaiieio tou Ayiou PIAINNoU avtinpocwneUel TO TUAPA TWV
Bacik®v PETGAAWV TOU apxikoU GUGTANATOE, TOU OMoiou T0 avwIepo TuRpa éxer SiaBpwoei.

INTRODUCTION

In the frame of a research project concern- Western Thrace) was investigated. Although the
ing exploration for Ag, Cd, Ga, Ge, and Inin sul-  AGF deposit had been thoroughly investigated
fide ore bodies and their gossans, the geological by various agents or research teams, a closer
setting of the Agios Filippos (AGF) deposit (Kirki, ~ Study of the relevant references revealed that,
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while the aspect of ore mineralogy was suffi-
ciently covered (MOELO et al,, 1985; 1990), the
geological setting as well as the hydrothermal
alteration pattern of host rocks did n't correlate
with our field and laboratory observations. An
essential disagreement became evident between
the previous ore deposit classifications
(polymetallic vein- or Kuroko-type mineralization)
as the study of the deposit progressed. Prelimi-
nary data on ore deposit geology were then
presented by SKARPEUS (1995). The aim of the
paper is the description of the mode of occur-
rence of the mineralization and the hydrother-
mal alteration of host rocks, as well as the pre-
liminary discussion of metallogenic features and
the exploration implications for the Kirki area.

HISTORY OF EXPLORATION AND MIN-
ING ACTIVITY IN THE AREA

Exploration for Pb and Ag ores in the area
began late in the 19th century. In 1932 English
mining companies invested in exploration projects,
started construction of mine shafts and man-
aged to exploit 20.000 tn of ore. With the onset
of the World War Il the German company
"Thrazische Bergwerke" continued exploration in
the AGF area. Small scale exploitation com-
menced and a part of a flotation plan with an 80
tn/day capacity was installed. Exploration for
base metals and Ag in the following years was
carried out by several state owned Greek agents.
In 1973 the lease was sublet to "Evros Mining
Co", which exploited and processed roughly
150.000 tn of ore at 4 to 10% combined Pb and
Zn. Pb concentrates at 60-70% Pb, 3-7% Cu and
500 gr/tn Ag, and Zn concentrates at 48-54%
Zn and 0.4-0.5% Cd were produced. With long
time interruptions small scale open pit mining and
processing of the ore continued up to 1998. Pro-
duction of mineral concentrates remained at very
low tonnages. Open pit mining has almost reached
level +345m,

ORE DEPOSIT GEOLOGY

Research o b0y 8/8RB6RKN E6RIREaERL -

proposals on ore deposit model for the AGF had
been effectuated by BITSIOS (1973), ARIKAS
(1980), KALOGEROPOULOS (1986) and MICHAEL
et al(1989). The data we present come from
field observations and sampling in the open pit
of AGF and the OP 3 lease. Drill core sampling
was carried out so that the ore deposit geology
could be validated for depths between +420 to
+200m.

a. Lithology and mode of occurrence

The mineralized zone at AGF, stretches along
two sub-parallel fault planes, which today form
the western and eastern boundarties of the open
pit. The main fault systems are those with NNW-
SSE and NNE-SSW direction. In the AGF zone one
may observe two converging fault lines, which
unite to the north of the open pit. The western
fault dips 80°E and the eastern fault 75°W (Fig. 1).
These fault planes tend to converge at depth.
The mineralised zone is 25 m wide at the +200 m
level. The geological characteristics of the de-
posit are summarised below:

(i)  The western fault plane brings in con-
tact with the mineralised zone a tectonic block
consisting of Tertiary (Priambonian?) propylitised
sandstones. Limestone intercalations occur within
the clastic sediments.

(i)  The eastern fault plane marks the con-
tact between hydrothermally altered sedimentary
and felsic volcanic rocks with a rhyolitic dyke,
which is the easternmost part of the mineralised
zone. These volcanic and sedimentary rocks in
the open pit form an anticlinal structure, one limb
of which dips to the west, forming strata aligned
parallel to the western fault.

(i} Parts of the rhyolite are hydrothermally
brecciated. The rhyolitic dyke narrows out to
the northern and the higher parts of the mine,
whereas it is widening towards deeper levels.
The rhyolite can be traced for several tens of
meters to the north and several hundred meters
to the south of the pit, and should be considered

as a part of extenswe rhyol|t|c intrusions in the
Tunua I'ewAoyiag. A



Kirki area. It is clear that the rhyolitic intrusion
postdates major extentional faulting in the area
and predates the mineralising event. The rhy-
olitic magmatism in the area is probably of Oli-
gocene age. Besides the intrusive rhyolite the
mineralised zone comprises hydrothermally al-
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Fig. 1. Cross sections of the Agios Filippos ore
deposit

A. Distribution of hydrothermal alteration zones:
(1) propylitc {2) advanced argillic (3) sericitic
Numbers 1 to 4 indicate levels of mine shafts;
GK3: borehole number

B. Cross section of the upper part of the deposit
1. conglomerates, 2. Hydrothermally altered clastic
sediments and felsic tuffs (zones of silicification and
advanced argillic alteration), 3. Hydrothermally al-
tered rhyolite and rhyolitic breccia, 4. Bedded felsic
tuffs, 5. Propylitised Tertiary sediments;

+389: exploitation level

Eik. 1. Topéc tou koitdopatog tou Ay. PrAinnou.
A. Topnl tou KoITdopatoC He UC KUPIEC ZWVEC
efarroiwonc

(1) nponuAiukn (2) xarazia -
(3) oepikiukng

Me toug apBuouc 1 éwc 4 onpeivvovial ta enineda
WV Petaireutikwv otomv, GK3: apiBpég yewtpnong
B. Topn tou aviepou UAKATOG TOU KOITAGHATOC
1. xpokaronayn 2. Y6poBeppikd eZarroiwpéva
KAQOTIKG NeTpmpata kai 6Eivor 1o (nuptukn kai
npoxwpnuévn apyIAikr e€airoiwon) 3. YopoBbeppika
e€aroIwpévog pudAIBog kal puoAIBIKG Aatunonayr
4. Eowpwppévor 6&ivor ool 5. MponuMuwpéva
Tpitoyevi KAAOTIKA 1Zfpata

389: eninebo Pabuibac ekpetdMeuanc

KQOAIVITN - aAouvitn

tered sandstones, microconglomerates and felsic
volcanics.

(iv)  The mineralisation is hosted into the rhyo-
lite and the hydrothermally altered volcanic and
sedimentary lithologies. It is aligned along joints
and bed planes, as pockets and dispersions within
the rocks. The overall impression is that of a
mineralisation under tectonic control, forming veins
and stockworks of semimassive and massive ore
as well as disseminations within the host rocks.

b. Hydrothermal alteration

The study of the hydrothermal alteration pat-
tern was based on sampling of the open pit and
especially of cores of inclined boreholes
penetreting both the wallrocks and the mineralised
zone to a depth of 200m. The classification scheme
of MEYER & HEMLEY (1967) was used. The rocks
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into the mineralised zone are intensely to perva-
sively altered, so that characterisalion of the type
of protofiths is difficult.

FPropylitisation is the prevailing alteration of
the clastic sedimentary rocks in the western sec-
tor of the open pit, Argilically altered rocks of the
mineralised zone are roughly separated from the
propylitized sediments by the western fault. Chig-
rite, goathite, minor epidote and calcite filling
rmicroveinlets, are the main alterztion minarals.

Early sthicification An early grey to grey-whit-
ish massive silicification with disseminated py-
rite or semimassive pyritic aggregates praceded
deposition of the ore minerals and resulted to

YneiakA BiBAIoBrkn "OedppacTog”

Fig. 2. (a) Breccia of sdicified rock
(b} cemented by sphalerite (sp)
{b} Breccia of silicified rock {br
comprising quartz, alunite and ka-
alinite, cemented by sphalerite,
Cu-suffozalts and covellite

Eik. 2. (o) Aorines nupimwpdvoy
netpopatos (br) auykokhdvial
ont sparepitn (5p)

{61 Aarwonec  nupimiwpdyol
netpapntos (bri pe ahouitn kal
ROOMVITH OUYRCAADONVTAL and
apakepltn, Bepdhata Cu 2ol
wORERAv

texture destruction (1% pyrite
generation), Quartz appears as
fine replacements of primary
minerals. Quartz and pyrite
veinlels crosscut the massive
silicification. Silicification is a
result of acid leaching of the
racks. Parts of the silicifica-
tion zone are hydrothermally
brecciated. Angular fragments
are cemented by sphalerite
and late formed sulfides,
sulfosalts and gangue minerals
Fig. 2a, b).

Advanced argiflic alteration with afunite This
alteration type affectad mainly the rhyolite and
rhvolitic breccia, giving them a white to pinkish-
while hue, [t also affected parts of the rocks in
the mineralised zone which hadn'l been entirely
silicified, a fact indicating that this alteration suc-
ceaded silicilication of the rocks, It further indi-
cates that acidic, sulfate rich solutions leached
the protoliths and were later neutralised by re-
action with the wall recks producing the advanced
argillic assemblages. This is also evident in the
development of kaolinite /dickite-quartz aggre-
gates as cement of the hydrothermal breccia,
or as veinlets intersecting silicified rock. Alunite
is found intimately inter grown with quartz, kaolin-

- TuAua M'ewAoyiag. A.M.O.



ite and pyrite. The relative proportion of these
minerals in individual samples is highly variable.
llite was detected in the outer part of the ad-
vanced argillic zone, towards the propylitic and
sericitic haloes, and in drill cores at the deepest
parts of the deposit. Minor pyrophyllite was found
in the western part of the open pit close to the
propyhtic zone and in altered rhyolitic breccia
at the immediate contact with sphalerite-covellite
veins (eploitation level +389). Gypsum aggregates,
found in the uppermost parts of the open pit,
cann't be attributed with certainty to either a
hypogene or supergene origin.

Sericitic alteration: A sericitic alteration halo
is well exposed in the western sector of the open
pit. The alteration mineralogy of the rocks con-
sists of compact aggregates of sericite, quartz
and pyrite, or as veinlet-fillings of sericite, quartz
and pyrite. Minor illite, kaolinite and alunite were
found in the altered rocks close to the mineralised
zone, indicating grading of alteration from the
argillic to the sericitic zones.

c. Ore mineralogy and mineral
parageneses

Extended studies of the ore mineralogy were
carried out by BITSIOS (1973), MOELO et al.
(1985), DEMOU (1987}, VAVELIDIS et al. {1989),
MOELO et al. (1990), which showed the complex-
ity of the ore mineral assemblages. It is worth
mentioning that two new minerals were discov-
ered by MOELO et al. (1985) and MOELO et al.
(1990) respectively: kirkiite and levyclaudite. On
the basis of these studies and our own micro-
scopic and microprobe work, the following min-
eral composition has been determined: sphaler-
ite, wutrzite, pyrite, galena, jordanite, Bi-jordanite,
kirkiite, cosalite, bismuthinite, tennantite,
koesterite, luzonite, stibioluzonite
(fammatinite),enar gite-stibioenargite, selligmanite,
bournonite, levyclaudite, hypogene covellite, su-
pergene covellite. Quartz, kaolinite /dickite, alunite
and barite are the gangue minerals closely asso-
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ciated with the ore. Two generations of pyrite
were distinguished: the first is associated with
the advanced argillic alteration and the second
with the main mineralisation stage. In the latter
case euhedral to subhedral pyrite coexists with
tennantite. Sphalerite formation preceded that
of the Cu- and Pb-sulfosalts and the other sul-
fide minerals. Sphalerite coexisting with pyrite is
Fe-poor (0.1 to 0.4 mole % Fe). Enargite and
luzonite were early formed relative to tennantite
and galena (Fig. 3a). Coarse grained covellite
(Fig. 3b) which does not replace other sulfides
and is characteristic of hypogene origin, was found
in samples only from the upper part of the open
pit (exploitation level +389). It should be men-
tioned for comparison that the assemblage
"covellite-luzonite - gold" appears only in the upper
part of the high - sulfidation Summitville deposit,
passing downward to the assemblage "chalcopy-
rite-tennantite” (ARRIBAS, 1995). Supergene fine-
grained covellite replacing Cu-sulfosalts is wide-
spread. Massive wurtzite aggregates fill open
spaces either of the ore or the silicified rocks,
usually filling the inner wall of cavities. It is evi-
dent that wurtzite was the last formed sulfide
mineral. Euhedral to subhedral barite crystals
accompany sulfides and sulfosalts throughout the
ore zone. Calcite, dolomite and rarely rhodoch-
rosite are found in veins and veinlets crosscuting
the ore (Fig. 4), especially in the deeper parts of
the mineralised zone, indicating they were the
late formed hydrothermal minerals.

d. Gold and Silver grades

Gold assays of rock samples characterised
by grey silicification indicate very low concen-
trations (range: 8-75mgs/tn). Gold and silver
values ranging from 100 to 500 mgr/tn and 100
to 2200gr/tn respectively were detected in
samples rich in Cu-sulfosalts. Silver grade of the
galena concentrates is 500gr/tn (GEMEE, 1987).
Representative analyses of mineral concentrates
and ore samples for base metals and Ag, Cd,
Ga, Ge, In, are given in TABLE 1. It is worth to be
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Fig. 3. (a) Microphotograph of relictic enargite (en) associated with jordanite {jn) and tennantite (tn)

(b) Hypogene coveliite {co) interstitially developed between Sphalerite grains (sp). Euhedral barite crystals
(ba)

Eik. 3. {a) YnoMeipaukdg evapyitng (en) pe topbavitn (jn) kai tevvavtitn (tn) (B) Ynoyeveukog kopeAdivng
(co) avantuypévoc petall kOkkwv a@arepitn (sp). 181dpopol kplotarrol Bapitn (ba)

mentioning that the sphalerite - wurtzite concen- Primary fluid inclusion data in wurtzite-
trates are rich in Cd, Ga, Ge and In (SKARPELIS, sphalerite showed homogenization temperatures
1995). of around 230°C {DRIESNER & PINTEA, 1994).

The aqueous fluid had a low salinity (<5% NaCl
e. Temperatures of mineral deposition eq.) with NaCl probably the dominant sait. Tem-
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~Reprecegiative analyses gf-mineral congenfrates and ore samples (SKARPELIS, 1935)
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peratures in the range 230-268°C and a low
salinity (4.9% NaCl eq.) were determined in fluid
inclusions in barite (KALOGERGPOULOS &
KATIRTZOGLOU, 19890, A further indication of
the temperature of formation is the coexist-
ence of the polymorphs of Cu AsS,; luzonite and
enargite; luzonite is the low temparature form,
MASKE & SKINMER (197 1) have concluded that
the inversion from luzonite to enargite lakes
place between 275% and 300°C. Calcite and
dolomite in veinlets crosscuting the ore ware
deposited at lower temperatures (140-2000C)
as concluded by MICHAEL et al. (1989) on the
basiz of owxygen and carbon isotope

Fig. 4. Calcite and dolomite
veinlets crosscutting silici-
. fied and mineralised rock
Ein. 4. Mhefibio aofeatin
| ko GoRopltn tERvoUy Ty
| nupitiwan Kal o
C o perasdopopia

geothermometry. Although further fluid inclusion
work 15 necessary, the available data allow one
to consider the mineralisation as being formed
at the epithermal stage.

DISCUSSION

Thna mode of occurrence and mingralogy, the
hydrothermal alteration mineral assemblages and
the temperatures of formation indicate that the
AGF ore deposit bears a resemblance to high -
sulfidation type epithermal systems. A deposi-
tional environment at high sulfur fugacities is
proved by the following data: a. The occurrence
of very high and high sullidation state minerals;
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hypogene covellite, enargite-luzonite, koesterite,
pyrite. b. The very low Fe content of sphalerite
coexisting with pyrite, a feature characterising
high fS, of the hydrothermal solution (SCOTT &
BARNES, 1971) c. the abundant alunite and the
major amount of kaolinite closely associated with
ore.

It is known that the zones of alteration in
high-sulfidation systems typically grade from a
shallow silicic zone through advanced argillic,
argillic, into a sericitic with increasing depth. This
alteration sequence may extend a few hundred
to more than 1000m (ARRIBAS, 1995). A com-
parison with conceptual models of high - sulfidation
epithermal systems indicates that the upper si-
licic part of the AGF deposit has been eroded.

The available geochemical data indicate that
the AGF mineralisation is very low in Au. Concen-
trates of Cu-sulfosalts do not contain economic
Au grades (max. Au content 0.5gr/tn). It is pos-
sible that Au was associated with the upper (now
eroded) silicic zone as is the case with similar
ore deposits. As an example, it could be men-
tioned that, in Rodalquilar, Au mineralisation oc-
curred in the shallowest parts of the central core
of hydrothermal activity in association with hy-
drothermal brecciation and deposition of amor-
phous silica and pyrite (ARRIBAS et al., 1995).
Detailed studies on El Indio and Lepanto deposits
have resulted in identification of two metal stages:
an early Cu-rich, Au-poor dominated by enargire-
luzonite, and a late Au-rich, Cu-poor stage with
tennantite-tetrahedrite, chalcopyrite and tellu-
rides. The lack of the latter minerals in the AGF
mineralisation may explain the low Au content of
the ore.

The transition of alteration assemblages from
quartz-alunite-pyrite to enargite-pyrite and finally
to tennantite indicates a hydrothermal fluid which
gradually became more reducing and less acidic.
This is confirmed by the late formation of
wurtzite in open spaces and cavities in the lat-
est stages of the mineralising event. According

to SCOTT & BARNES (1972) wurtzite is stable
at lower szrelative to sphalerite, whereas at
temperatures lower than 250°C it may be de-
posited in a highly reducing environment. Rhodo-
chrosite is most commonly absent from high
sulfidation deposits except at Red Mountain
(HEALD et al., 1987). Its occurrence as a late
vein filling mineral in AGF, along with calcite/
dolomite, is a further indication of the
neutralisation of hydrothermal fluids at the late
evolutionary stages of the system.

From the exploration point of view it should
be emphasised that porphyry systems are de-
veloped at the roots of high-sulfidation epithermal
deposits and that high-sulfidation deposits form
in a position intermediate between intrusions and
the surface. As stated by KNIGHT (1971), the
alteration mineralogy above plutons which are
anomalously rich in sulfur reflect anomalously
large activities of sulfur in the pluton environ-
ment. The chemical relations presented by KNIGHT
{0.c.) predict the formation of copper - arsenic
sulfosalts and alunite under these conditions. The
predicted spatial zoning in and below high
sulfidation systems is from copper - arsenic
sulfosalts above to chalcopyrite - magnetite
below, and from alunite above to anhydrite - K-
feldspar - biotite below. The spatial and genetic
relation of high sulfidation epithermal deposits
with porphyry systems has been documented in
several ore districts around the world (SILLITOE,
1983; 1989; ARRIBAS et al., 1995). Taking in con-
sideration the ore deposit type of the AGF
mineralisation, along with the occurrence of por-
phyry type mineralisation in the nearby area
{ARIKAS, 1979), a follow-up exploration work for
porphyry Cu-Au and/or Mo is suggested.
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