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Abstract

The Apliki copper deposit, in the Troodos ophiolite complex of Cyprus, is part of
the Skouriotissa mining district. Mining activity at Apliki has resulted in the produc-
tion of 1,650,000 tons of copper ore. The mineralization is hosted within the se-
quence of Lower Pillow Lavas of the Troodos ophiolite complex in the western part
of the Solea graben.
Plagioclase, pyroxenes (augite), magnetite and ilmenite, and rarely olivine are the
main magmatic mineral components. The prevailing secondary minerals are ce-
ladonite, calcite, analcime and quartz which occur within amygdules or are dis-
persed within the rock matrix. The mineralized zone is bounded by two N-S striking
sub—parallel faults and is, therefore, controlled by local structures which allowed
access to the hydrothermal fluids.
The basaltic Pillow Lavas at Apliki possess the same low-temperature regional
scale alteration as the sequence of Lower Pillow Lavas of the Troodos ophiolite.
In the mineralized zone the following facies have been identified:

(a) A stockwork zone

(b) Veins of amorphous silica

(c) Veins of gypsum

(d) Oxidized vein of massive mineralization (“red zone”)

(e) Oxidation zone
The Apliki deposit is associated with cupriferous massive sulphide which has been
mined out. The Apliki mineralization, presently exposed in the examined area, is a
typical example of stockwork type sulphide mineralization, with more intense pres-
ence in the lower levels of the northern wall, where the semi-massive and massive
ore are preserved. The stockwork ore is hosted within brecciated chloritized lavas.
Weak silicification is observed in the upper parts of the brecciated lavas. Red jas-
per is spatially associated with the mineralized lavas and occurs as veins or open—
space fillings within the mineralized zone.
Pyrite, marcasite and chalcopyrite are the predominant ore minerals, whereas bor-
nite, sphalerite, galena, and barite are accessories with quartz as the main gangue.
Goethite, hematite, chalcocite, covellite, and Fe—, Cu—, Pb—, Al-, and Ca-sulphates
were formed in the supergene environment.
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The sampling on the northern and southern wall, of the existing opencut, took
place along a series of traverses based on a combined trench and rock-chip sam-
pling method so to achieve the best representation of the samples taken. The spa-
tial distribution of the major elements of the ore (Ag, As, Au, Cd, Co, Cu, Fe, Ni,
Pb, S, Se, Sb and Zn) in the northern part of the opencut demonstrates an enrich-
ment next to the western fault and at areas where the semi-massive ore is present.
Similar work was carried out on the southern part with much lower concentrations,
a fact that reflects the limited occurrence of disseminated ore in that region. The
spatial distribution of the major elements throughout the Apliki deposit has dem-
onstrated that the western fault may be the one which is the controlling structure,
while the eastern one is the boundary for a gradational passage into the Lower Pil-
low Lavas. Gold grade does not exceed 0.1 g/t, while copper grades ranges be-
tween 0.01 to 3.5 wt. % and sulfur between 0.1 to 16 wt. %.

Veins of gypsum, with a direction almost parallel to the western fault, and vein-like
amorphous silica bodies both occur close to the western border within the miner-
alized zone. The “red zone”, with an N-S orientation, constitutes probably an oxi-
dized vein of pyrite—chalcopyrite.

The mineralogical assemblage of Apliki oxidation zone (iron oxides and hydrox-
ides, cuprite) reflects almost neutral pH conditions, a fact which is the result of
insufficient amount of pyrite which produces low pH supergene solutions. The
spatial distribution of copper and its content, which is almost the same with the re-
spective one of primary sulphide mineralization, demonstrate the limited mobility
of copper that instead of leaching and moving downwards is concentrated to the
oxidation zone.

Key words: Cyprus—type deposits, Skouriotissa mines, Mineralogy, Geochemistry,
Stockwork—type mineralization

NepiAnyn

To koltaopa AnAikiou arnoteAel TUNA TNG METAAAEUTIKNG TIEPLOXNAG TNG ZKOUPLW-
TIooag Tng Kumpou, n onoia eivat onpepa n povadikn reploxr] eE0pUENG HETAN-
AeUpaTog Kal mapaywyng XaAkou otn vrioo. H eE0puKTIKY dpaotnpidtnta oto
AnAikL, and tnv dekaetia Tou 1960 €wg 10 1974, eixe wg anotéAeoua tnv napa-
ywyn 1.650.000 tévwv petarelpatog Xakkou. H petaAoopia Tou AmAkiou &i-
Val TEKTOVIKA eAeyxOpevn, oploBeteital and duo uromnapdAAnAa priypara, dleu-
Buvoewg mnepinmou B-N kat po&eveital evtdg twv Katwtépwv Pillow AaBwv Tou
OPLOAIBIKOU cuPNAEyaTog Tou Tpoddoug. O Katwtepeq Pillow AdBeg xapaktn-
piCovtal Torkd and xaunAng Beppokpaciag eEaloiwon, duola pe auTrv Tou
enkparel otig avriotoxeg AdBeg 6Aou Tou Tpoddoug. Ta KUpla PaypaTikd opu-
KTd elval mAayldkAhaota evildpeong nmpog BacikAg ouotaong Kat kKAvortupdgevol,
evw 0 aofeotitng, Ta apy\ikd opuKkTtd, 0 geAAdOVITNG, TO AVAAKIUO KAl O XaAa-
Clag ouvioTouv Ta Kuplapxa opuktd eEal\oiwong xaunAwv Beppokpactwv. Ava-
mrUooovTal Kupiwg wg abpoiopata, ondvia wg HEUOVWUEVEG OPUKTONOYLKES PA-
oelg, og opukTauUydaia 1 elval dildonapTa PEga ot BeueAwdn pala.
2N peTaMopopo {wvn iapatnpouvtal:

(a) Cwvn stockwork

(B) ouykevtpwoelg Apop@ou doEeldiou Tou TUPLTIoU PAEBIKAG HOPPNG
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(Y) PAERES yuyou

(O) oEedwpevn PAERa oupnayoug HeTalopopiag («epubpd wvn»)

(e) Cwovn okeidwong
H petalogopia avarrtuooetal evidg Aaturnonaywv AaBwv (breccia), ot oroi-
€Q MPOEKUYPAV WG ATTIOTEAECA CUCTWPEUONG BpaucudTtwy AdBag Kal Belouxwy
OPUKTWV OTO OTASI0 EKPNKTIKOU TUTIOU UdPOBEPUIKNG dpaoTtnpdtnTag. H petal-
AOPOPOG LWVN EXEL XAPAKTNPLOTIKA HeTaANOPOpIlag TUMou stockwork, Je ouppe-
ToXN XoAadlakwv GAeRWOIwV Kat (aoTi. To cupnayeg HeTANAeupa €xel eEopuxtel
kat auto to omnolo orjpepa peAetdral eival Tunpa g {wvng stockwork oto Bdépelo
TUAMA TG pHeTaAOPOpoU Cwvng.
H Belouxoq petalopopia eivat eupavrg ge OAn v €ktaon g {wvng, e evro-
vOTEPN TIAPOUCIa OTA KATWTEPA TUNATA ToU Bopeiou TUNMATOG, OMOU (TOTIKA)
ouvavtdTal CUUNAYEG €wG NOUUNAYEG HETANEUMA. AVTIOETWG OTIG UTIOAOLTEQ
BaBuideg Tng ekokapng anavrdral povo didoraptn petarogopia. Erkpartou-
oa udpoBepkn eEaN oiwon otn Lwvn gival n xAwpLTiwon. ZTa avwtepa TURHATa
NG (wvng naparnpeeitat achevrg nuptTiwaon.
O {aorug avarttuooetal pe n HopPn stockwork kat gpgavifetatl eite e tn Hoper)
MikpwV PAeBOlwY, elte KatakeppaTiopEvwy PAePRISiwy, Ta onoia Téuvouv TIG Ad-
Beg TUMOU breccia. ZTa avwTtepa TUNHATA TNG KETAAOPOPOU {WvNG 1N CUMMETOXN
Tou (aotu eivat evrovotepn. H mapoucia BeloUxwv 0OpUKTWY KPIvETAL ONUAVTIKA e
Kupiapxo Tov adnpornupitn kat akoAouBel opalepltng Kat XaAKomupitng.
To petdAeupa anoteleital and owdnEOMuUPITN, HAPKACITN KAl XAAKOTIUPITY, VW
HE UKEOTEPN CUMMETOXY] AnavtwvTal oPpalepitng, MUPPOTITNG, YaAnvitng, Bapi-
g, Bopvitng, kouBavitng kat BelodAata Cu—Fe (18aftng, HouLXoikiTNG, TAAVOK-
X(ING Kat Xeikokitng). Qg UMEPYEVETIKA OPUKTA TOU PETANEUMATOG AMavIWvTal
ykartitng—awuatitng, xaAkooivng—koBeAAivng, Belikd opukTd owdripou, HOAURSOU,
XaAKoU, apylAiou kal acBeatiou.
H detypatoAnyia tou petwrou eE8pUENG kat TG HETAAOPOPOU Lwvng dlevepyn)-
Bnke pe ouvduaoud «aUAaKaG» Kal «Tepaxwv» (chips), €Tl wote va eriteuxdel n
BEATIOTN QVTINMPEOCWTEUTIKOTNTA TWV JdelyudTtwy. H anotinwon tng XwpLkng Ka-
Tavoung Twv KUpwv atoixeiwv Ag, As, Au, Cd, Co, Cu, Fe, Ni, Pb, S, Se, Sb kat Zn
TOU HETAAEUUATOQG Yla TO BOPELO TUNKHA TNG HETAAOPOpOoU TWvNngG, KATASEIKVU-
€l EUMAOUTIONOS TANCiov Tou dUTIKOU PriylaTtog Kat otn {wvn TIou ouvavTdral To
nuouprayeg petdAAeupa. Avaloyn epyacia nmpayuatomnorénke Kat yia to voTilo
TUAMA, JE TIG TIEPLEKTIKATNTEG TWV UTIO PEAETN oTolxelwv va eival xapunAdTtepeg,
YEYOVOG TIOU AMOTUTIWVEL TNV TIOAU TIEPLOPLOIEVT) CUETOXT] TOU OLACTIAPTOU |E-
TaMeuuatog. H neplektikdtnta oe xpuaood dev utiepPaivel ta 0,1 g/t, evw o XaAKog
Kupaivetat and 0,01 éwg 3,5 wt % kal to B¢eio amnd 0,1 €wg 16 wt %.
MAnaiov Tou dutikoU PAYHATOG, HETAEU TwV TIPOTIUAITIWUEVWY AABWV TNG HETAA-
AopOpou {wvng kat Twv pillow AaBwv, evronioBnke {wvn dpopeou dlo&eldiou Tou
nupttiou. MapdA\nAa, oto JUTIKO TUNUA NG HeTaAopdpou {wvng, Ue dleubuv-
on BA-NA, avarttdooovtal pAEReG yYUou. H «epubpd» {wvn Bpioketal avatoAl-
KA g (wvng apopeou dlo&eldiou Tou nupttiou, ekteivetal de o pia dieubuvon
niepinou B-N kat rubavdtara anotehouoe cuprnayr GAERa odnporupitn — XaA-
KoTupiTn n ornoia o&eldwonke.
H Cwvn o&eldwong Tou Kottdopatog Tou AmAkiou cuviotatal arnd €va OpUKTOAO-
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YIKO dBpotopa (o&eidla kat udpo&eidia Tou awdr)pou, Kupitng), mou eivat xapa-
KTNPLOTIKO ouvBnkwv oxeddv oudgtepou pH, yeyovdg To omnoio opeiletal otnv
avenapkr SLaBEain mMoodTnTa OdNEOTUPITN Yla TNV TIAPAYwWYr] UTTEPYEVETIKWOV
O&vwv dlalupdTwy. H Xwplkny Katavour] Tou XaAkoU Kat Ol TIEPLEKTIKATNTEG TOU,
oxedov dlag TAEewq e TIQ avTioToLxeg TNG MPwToyevouq BeloUxou ETAANOPO-
pilag amoTunwvel TN MEPLOPLOEVN KIVNTIKOTNTA TOU XaAKoU péoa o pia «agbevr)»

pwTOoYeVr] BeloUxo puetal\opopia.

AE&eig kAe1d1d: Kortdouata turou Kumpou, MetaAeutikr) meptoxr ZKoUpLWTIOo-
oag, Opuktoloyia, Mewxnueia, MetaAAopopia turou stockwork

1. Introduction

Cyprus has become famous for copper
extraction from sulphide deposits since
ancient times (Hadjistavrinou and Con-
stantinou, 1982) which was focused
around 5 major mining districts (Skou-
riotissa, Limni, Kalavasos, Mitsero and
Tamassos); the Apliki mine along with
Skouriotissa, Mavrovouni, Phoukassa,
Three Hills, Phoenix and East Lefka be-
long to the same mining district (Fig. 1).
Cyprus sulphide deposits occur within
the Pillow Lava Series of the Troodos
ophiolite (Moores and Vine, 1971),
which is generally considered to be
a fragment of Mesozoic ocean floor,
brought into position as a result of the
collision between Eurasia and Africa
(Gass and Masson-Smith, 1963). Cy-
prus-type massive sulphide deposits
are usually structurally controlled by
normal faults. Morphologically they are
characterized by an upper zone of mas-
sive sulphide underlain by a stockwork
of quartz, jasper and sulphide veins
within the basaltic host Pillow Lavas.
According to Adamides (1980) pyrite
and chalcopyrite constitute the main
ore minerals.

The Apliki mine (UTM 36S 485755E,
3881350 N), constitutes a typical exam-
ple of Cyprus-type Cu-bearing massive
sulphide deposit (Constantinou, 1980),
located 5 kilometers southwest of Sk-
ouriotissa mine (Fig. 1, 3).Geograph-
ically it belongs to the Nicosia district

and is situated very close to the cease-
fire line, just south of the UN-controlled
buffer zone. The abandonment of Ap-
liki mine in mid-1970s has left a deep
pit, now hosting an acid pit lake fed by
surface runoff, surrounded by the min-
eralized zone and the adjacent basal-
tic Pillow Lavas (Fig. 2). The altitude at
the bottom of the open pit is approxi-
mately 200 meters, and the top of the
mineralized zone is 330 meters a.s.l.
respectively. The width of the northern
part of the opencut is estimated at 150
meters, while the southern one does
not exceed 100 meters. The largest di-
ameter of the lake is around 180 me-
ters and the shortest 90 meters. The flo-
ra of the region is quite poor, with pine
trees around the mine and the slopes.
A smaller deposit (West Apliki) is also
present and awaits exploitation (Fig.
3).
Initial exploration at Apliki started in
1935 and the presence of sulphide
mineralization was documented in
1937 (Bruce, 1947). Mining of the de-
posit started in the 1960s by Cyprus
Mines Corporation (CMC) using open-
cut methods and ended in 1974 due
to the Turkish invasion. Part of the ox-
idized ore was stockpiled separately
and nowadays constitutes a valuable
resource for hydrometallurgical exploi-
tation by Hellenic Copper Mines Ltd
(Adamides, 2010a). Up to the cessa-
tion of mining in 1974, approximately
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1,650,000 tons with 1.8 % Cu and 36
% S were mined (Adamides, 1982). On
the north side of the opencut a small
amount of low—grade disseminated ore
still remains, while the southern exten-
sions merge into altered ground and
are mainly covered under waste dumps
(Adamides, 2010a).

It should be noted that there is an ab-
sence of scientific studies pertaining to
the Apliki deposit with the notable ex-
ception of the unpublished studies of
Hellenic Copper Ltd. and CMC which
have been reviewed and reworked by
Adamides (2003a; 2010a).

The aim of this paper is to study the ge-
ology of the northern part of the open-
cut of the Apliki mine including the
chemistry of the ore and the hydrother-
mal alteration of basaltic Pillow Lavas.

2. Sampling and analytical techniques
Pillow Lavas, ore and jasper samples
were collected from the steep north-
ern and southern slopes of the Ap-
liki opencut along a series of travers-
es (Fig. 2). Sampling in the northern
wall was hindered by the presence of
a landslide in the eastern part of the
opencut, which covered approximate-
ly 15% of the sampling area. A num-
ber of benches presented sampling
difficulties because of steep slopes
and narrow width; however the prob-
lem was resolved by opening narrow
paths, and the use of ladders for ac-
cess. Nevertheless, the sampling is
deemed adequate as it was supple-
mented by samples from the drill hole
AM 9 provided by the Hellenic Copper
Mines Ltd (Fig. 2a).
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Fig. 1. Geological map of the Troodos ophiolite showing selected sulphide deposits. The Apliki deposit is
outlined (Bickle and Teagle, 1992).

Eik. 1. lewloykdg Xdptng tou oploAibikoU ouuriAéyuarog tou Tpoddoug, atov oroio rapoudtdlovrat
erAeyugva Kottdouata ouunaywv BetoUuxwv. To Koitaoua Tou ArAkiOU ONUEWVETAL LUE AUPO TETPAYwVO
(Bickle and Teagle, 1992).
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Sampling in the southern wall was limit-
ed with the focus being only on the min-
eralogical identification and the chemis-
try of the ore based on the very limited
presence of disseminated ore, a fact
which disallows safe and reliable con-
clusions.

The samples were pulverized and ho-
mogenized at the University of Athens,

Department of Geology and Geoenviron-
ment and analyzed by ALS, Ireland and
Acmelabs, Canada by ICP-MS (SiO2,
Al203, Ca0, Cr203,Fe203, K20, MgO,
MnO, Na20, P205, TiO2) and ICP-AES,
(Ag, As, Cd, Co, Cu, Hg, Fe, Ni, Pb, S,
Se, Sb, Zr, Zn) except for gold which was
analyzed by AAS using a Perkin—Elmer
1100B device at the University of Athens.

LEGEND
: Lower Pillow Lavas
: Brecoiated Lavas
: major Faults
: massive gypsum
velns

OPEN PIT LAKE

LEGEND

LPL : Lower Pillow Lavas
BL : Brecciated Lavas
F :major Faults

Fig. 2. General view of the northern (a) and southern (b) part of the Apliki abandoned mine.
Eik. 2. ['evikrj drioyn tou Bopeiou (a) kat votiou (B) Turiuatog tou eykataAeAeiuuévou uetareiou ArAikL
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Petrographic work was performed at the
University of Athens using a Leica com-
bined transmitted and reflected micro-
scope with digital camera attachment.
The preliminary mineralogical identifi-
cation of samples was performed by X-
ray diffraction (XRD). For X-ray diffrac-
tion, a SIEMENS D-5005 diffractometer
was used. All samples were scanned
between 3-650 20 angle with veloci-
ty of 10/min, using the Ka radiation of a
Cu X-ray tube, operated with a voltage of
40kV and a current of 40mA. The evalua-
tion of the X-ray diffractograms was per-
formed with the EVA software, version
2.0. The mineralogy of primary and sec-
ondary minerals and back-scattered im-
aging was performed using a Scanning
Electron Microscope (SEM) JEOL JSM-
5600 equipped with an EDS Oxford Link
Isis 300 at the University of Athens. Micro-
probe analyses of silicate minerals were
carried out at the Institute of Mineralogy

and Crystal Chemistry, at the Universi-
ty of Stuttgart, Germany, with the use of
a CAMECA SX100 microprobe analyzer
with integrated 5SWDS spectometers, us-
ing acceleration voltage 15 kV and beam
current 10 nA.

3. Geological Setting

The Apliki deposit is located in the
western part of the Solea graben (Var-
ga and Moores, 1985) which can be
construed as a special tectonic feature,
of north—-northwest orientation, host-
ing some of the largest massive sul-
phide deposits in Cyprus (Adamides,
2010a). The Mavrovouni and Apliki de-
posits are in the western edge, while
the Skouriotissa group deposits in the
eastern edge of the graben. The geol-
ogy of the area around the Apliki and
its relationship to the other deposits of
Solea Graben is shown in Fig. 1 and
Fig. 3.respectively.
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Fig. 3. Geological map of the Skouriotissa-Mavrovouni region (Adamides, 2010a).
Eik. 3. [ewAoyikdg XApTnNg G eUpUTEPNS MEPLOXTIG Zkouptwtiooag-MaupoBouviou (Adamides, 2010a).
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According to Varga and Moores (1985)
the Solea graben is one of a series of
interpreted tectonic features correlat-
ed with the evolution of the ophiolite at
a spreading centre. Adamides (2010a)
suggests that the Mavrovouni and Ap-
liki deposits are localized by structures
which are possible oceanic detach-
ment faults. These sulphide deposits
have been exploited both in ancient
and modern times.

Skouriotissa—-Mavrovouni  region in-
cludes three cupriferous massive sul-
phide deposits; Phoukasa or Skou-
riotissa, Phoenix and Three Hills.
Additionally, the Apliki and West Ap-
liki deposits belong in the same min-
ing area. Detailed description of the de-
posits of the Skouriotissa group and
their mineralogical characteristics are
provided by Adamides (1984; 2010a),
while their geological and tectonic fea-
tures are shown in Fig. 3. The Phouka-
sa deposit is a classic example of Cy-
prus-type massive sulphide orebody
with a lens of massive sulphide overly-
ing a pipe of stockwork-type minerali-
zation passing laterally into unaltered
Upper Pillow Lavas. The Phoenix de-
posit is characterized by extensive dis-
seminated mineralization in chlorite-
bearing pillowed lavas which are partly
covered by sedimentary rocks. Three
Hills is a vein-type deposit within Upper
Pillow Lavas, surrounded by chloritic
alteration and composed of pyrite and
chalcopyrite with limited supergene en-
richment. Mavrovouni is characterized
by the presence of massive sulphide
lens hosted within Pillow Lavas and en-
veloped by altered lavas with dissem-
inated mineralization. The remaining
part of the Apliki deposit, due to the fact
that the cupriferous massive sulphide
ore has been mined out, constitutes a
typical example of stockwork type sul-

phide mineralization in chlorite—bearing
and silicified lavas with an overlying oxi-
dation zone.

4. Results

4.1. Petrology and host rock altera-
tion of the Apliki Pillow Lavas

The dominant Apliki petrological unit
is Lower Pillow Lavas which consist of
ellipsoidal and/ or spheroidal forms of
pillows. The Pillow Lavas are of brown
to dark green colour and vary widely
in size from a few centimeters to more
than a meter in length (Fig. 2, 11A).
They are characterized by amygdaloi-
dal texture with amygdules filled with
zeolites and/or quartz. The interspace
between the pillows is occupied by car-
bonates and/or clay minerals.

The controlling structure is northerly
in orientation, whereas basaltic dykes
that crosscut the Pillow Lavas exhibit a
northwesterly strike, which is explained
by the fact that the controlling fault is in-
terpreted as a splay of the detachment
fault to the west.

From the microscopic observation, the
texture of the Apliki Pillow Lavas ranges
from ophitic to sub—ophitic with variable
content of volcanic glass. The matrix
is characterized by microlitic texture,
while in some samples flow structure is
observed. Plagioclase, of intermediate
to basic composition, pyroxenes (cli-
no- and ortho-), iron and titanium ox-
ides and rarely olivine are the dominant
magmatic minerals.

The ternary classification diagram
Ab-An-Or for feldspars (Fig. 4) de-
picts the chemical variability of prima-
ry plagioclase of Apliki Pillow Lavas.
The majority ranges in composi-
tion from An70 to An50, falling in the
fields of labradorite, while andesine
and bytownite are rarely observed.
They form tabular lath—-shaped crys-

11
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tals and are associated with variably
altered clinopyroxenes. Locally they
are replaced by clays, calcite and/or
zeolites.

Clinopyroxene is augite, while or-

thopyroxenes are rarely observed.
The chemical composition of plagio-
clases and pyroxenes from the Apliki
Pillow Lavas (Table 1.) are plotted on
the corresponding diagrams (Fig. 4.).

Di Hd
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[T

30-50 50 7090 901
~An% A% An% _An%\ _
Oligoclase  Andesine  Labradonite Bylownite Anorthit En L Fs
Pugiochise CoAkZeO

Fig. 4. (a) Ternary classification diagram Ab-An-Or for plagioclase, showing the chemical variability of pri-
mary plagioclase of Apliki pillow lavas and (b) classification diagram Di-Hd-En-Fs for pyroxenes, showing
the chemical variability of clinopyroxenes of Apliki pillow lavas (Di = diopside; Hd = hedenbergite; En =
enstatite; Fs = ferrosilite; Wo = wollastonite).

Eik. 4. Aidypauua npoBoArg me ouotaong (a) twv mAaytokAdotwy twv pillow AaBwv tou ArAkiou kat
(B) Twv nupo&&vwy twv pillow AaBwv tou Arthikiou (Di: dowidlog, Hd: edevBepyitng, En: evotating, Fs:
peppooritng, Wo: BoAaotovitng).
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Me0 - 0g 28 - - - MO - - - - - - - - -
c0 s | w2 | Bs | 3 ws | 188 | 165 MO 181 | 203 | 12 | um6 | B2 | 135 | 02 | 11 | 98
Na0 43 | 55 | a0 | 55 s | 23 | Ca0 08 | 208 | 1% | 180 | 14 | 147 | 1m0 | 1% | 17
K:0 . . . - . ] - N0 - . - 03 03 08 - - 03
X0 . . - 02 01 03 - 0l
o 1020 | 1023 | 125 | see  ees | W16 | 1007
NUMBERS CF 10NS ON THE BASIS OF 32(0)
e some | atom | goms | stom  zome | atom | 2o fotal 008 | 1008 | 995 | 95 | 1038 [ 1005 | 991 | 007 | 1001
5 o8l | o4 | 246 | 1088 10189 | 887R | BE5T NUMBERS OF [ONS 6(0)
T - 0008 - ool - - - catons atoms atoms afome atoms atoms atoms afoms atoms afoms
Al 6 | gl | 61| SN2 380 | 6B | GHE si 1349 | 1810 | 1864 | 1810 | LW | 1833 | 11 | 1830 | 1918
G - i . - . T 0000 | 0000 | 0000 | 0023 | 004 | 0f® | 0m2 | 0032 | 003
Fa~ - - 010 | 0251 - - - 1 - - -
s ; - Al 0080 | 0072 | ope2 | 0138 | 0147 | 0125 | 0178 | 0113 | 0118
1;;" o N . Fe 0m3 | omws | oon | 00w | oo | omo | omo | o1e | o;e
e I e YT i ) i & 020 | 03 | 1M | 0474 | 0386 | 047 | 0485 | 025 | 031
Ca 2364 1—_,4 150 | 1307 284l | 3255 | 3:8 Mn 0000 | 0000 | 0000 | Q000 [ 0000 [ 0000 0000 | 0000 | 0000
Na 140 | 1200 | 180 | 1220 2075 | ogo0 | 03S Mz 1023 | 1075 | 0991 | 036 | 074 | o6 | 0386 | 0838 | 0570
K - . - - <] e |- Ca 0806 | 0793 | 0838 | 0737 | 0755 | o5 | 077 | o751 | 04:2
composiion (rrol %) Na 0000 | 0000 | 000D | 0025 | 002 | 0067 | 00O | 0001 | 0040
Ab 38406 | 30309 | 28703 | §7RMD 30413 | 1947 | 18361 K 0.000 0000 0000 0007 0.002 0012 0001 0006 0000
*;‘ SL304 | ®A0 | TL2OT | 201 40587 | B2 | SL40 foteat. 4001 | 4002 | 4p00 | 3995 | 4000 | 4000 | 4001 | 3999 | 4000
- - - - - 1200 -
- 3 Mz 3 56270 | S 5 5 5 533
Totals 19813 20052 19971 1048l 20000 2005 19956 E " Ny 32450 Ji 0 bci% f’ 160 fsfm ilf% 3 L340 | 43330 SCfSC
e s s Fe 6180 | 2240 | 3820 | 25380 | 207%0 | 26280 | 26090 | 14000 | 43280
3B4 4440 453 3506 4140 4300 4001 o Cz 41340 | 41450 | 43650 | 35470 [ 40710 | 32390 | 42370 [ 40630 | 23280

#3llFe s Fe) . =halow defection bmit #all Fe 23 FeO , =below datection lmit

Table 1. Representative chemical analyses of plagioclase (A) and pyroxenes (B) in Apliki pillow lavas (com-
plete chemical analyses in Antivachis, 2014).

Mv. 1. AVTimpoowneuTikeg XNUIKES avaAuoelg mAaytokAdotwy (A) kat riupo&&vwy (B) pillow AaBwv tou
ArtAiiou (yta to oUvoAo twv Xnukwv avaAuoewv BAEre AvtiBdxn, 2014).
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The metallic minerals are Fe, Fe-Ti and
Ti oxides; specifically magnetite, ilmen-
ite and rutile are scattered within the
matrix of the lavas. Olivine occurs only
as subhedral crystals.
Photomicrograph in Fig. 5 depicts the
primary minerals of Apliki basaltic Pillow
Lavas. Lath-shaped plagioclase crys-
tals intersect with each other and be-
tween them occur more or less altered
clinopyroxenes crystals. The interstices
between the existing grains are occu-
pied by iron-titanium oxides and cela-
donite fills cracks and amygdules.
Celadonite, clay minerals, calcite, anal-
cime and quartz are the main “low
temperature regional scale alteration”
minerals of Apliki Lower Pillow Lavas,
occurring within amygdules or dis-
persed within the matrix.

Celadonite, which is the predominant
secondary mineral in the pillow lavas,
usually replaces clinopyroxenes (Fig.
6), with replacement commonly start-
ing, most of the time, from the periph-
ery of the crystals and proceeding to

the core. Celadonite is accompanied
by clay minerals, either within amyg-
dules, as is shown in Fig. 7B, or filling
cavities between clinopyroxene crys-
tals.

Clay minerals occur as replacements
of plagioclase, clinopyroxenes and
volcanic glass, within the groundmass
of the lavas. In addition, they are the
predominant fracture- and vug-filling
phases. ldentification of clay miner-
als was based on combined XRD and
microprobe analyses (Table 2). Clay
minerals identified in Apliki Pillow La-
vas occur as a mixed aggregate of cel-
adonite—glauconite—saponite and rare-
ly as pure phases. Due to their nature
their mineralogical identification is very
difficult. Therefore their chemical com-
positions cannot be considered as re-
liable (Antivachis, 2014). Thus, taking
into account their nature, they may
be classified into four different miner-
al groups i.e. saponite, nontronite, ce-
ladonite—glauconite and mixed smec-
tites group (Table 2).

Fig. 5. Petrographic features of unmineralized Apliki pillow lavas. Lath-shaped plagioclase crystals inter-
sect with each other and between them occur more or less altered clinopyroxenes crystals. The interstices
between the existing grains are occupied by iron-titanium oxides, clay minerals and celadonite fills cracks

and amygdules.

Eik. 5. lNetpoypapikd xapakmplotikd twv pillow AaBuwv tou Arthikiou. Aokideg rnAaylokAdotwy avdueoa
OT(G OMoleq ouvavTwvTal MEPLOOOTEPO 1) Alyotepo e€atotwugvol kpuotarot kKAvorupo&evwy. Apyikd
OPUKTA kat oeAadovitng avartiooovral wg 0puKTd NMApwong g BeueAiwdous Ualag eite evidg dlakEvwy,

&lte evTOG OPUKTAUUYSAAWV.
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Saponite is characterized by high wt.
% MgO and FeO, while the content of
K20 does not exceed 1%; it has also
been identified within amygdules to-
gether with celadonite—glauconite and
mixed smectites (Fig. 7B). Nontron-
ite occurs only as a fracture- or vug-
filling mineral. Celadonite and glauco-
nite form fibrous crystals. Glauconite is
typically of bright yellow—green colour
and fills small veins and gaps, while ce-

ladonite is of blue—green colour. Last-
ly, mixed smectites are characterized
by relatively low iron content and con-
stitute a mixture of beidellite-montmo-
rillonite (dioctehedral smectites) and
montmorillonite-illite (Fig. 7A).

Calcite occurs as large crystals be-
tween lath-shaped plagioclase.
Zeolites are deposited within cavities
and amygdules and rarely as small
veins replacing plagioclase.

Fig. 6. A. Petrographic features of Apliki pillow lavas. Lath-shaped plagioclase, clinopyroxene and clay min-
erals. B. Clinopyroxene crystals replaced by green clay minerals (celadonite).

Eik. 6. Mikpopwtoypapieg AaBwv (A) ta mpwtoyevri 0puktd, mAaytokAaota kat nupd&evol ue napouoia
oegAadovitn kat (B) Asrrtouépeta oty onoia gpaivetatl n avtikatdotaon Tou kKAvortupd&evou and oeradovitn

(PPL).

mixed Sme -
B AT
rint & it
rlll

Fig. 7. Back-scattered electron images of Apliki pillow lavas (A) Plagioclase and clinopyroxene phenocrysts
along with clay minerals, (B) Amygdules filled by celadonite-glauconite-saponite assemblage.

Eik. 7. MxpopwtoypapleG nNAEKTPOVIKOU MUIKPOOKOToU odpwong AaBwv (A) @atvokpuotaAlot
MAQYlOKAQOTWY KAt TUPO&EVWY e TNV Iapouoia apyAIKWV OpUKTwY, (B) avdrtuén apyNikwv OpUKTWY

EVTOG OPUKTAUUYSAAWV.
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saponite nontronite celadonite glauconite bddeu.jlb . mmltn?a r_ﬂlmﬂlb

montmorillonite illite

oxide wili wit% wtla wild witd wili wild wt%o wild wt%%

5i0; 42,62 4207 42,86 4098 5071 51,07 30,81 49.63 60,39 49 69

Ti0y 0,03 - 0.01 0,33 0,02 0,03 0.15 0.15 0,38 0.16
ALO; 892 10.30 906 331 382 390 6.69 7,96 2131 17.83
Cry03 - 0.01 - 0,02 0.02 - - 0,01 - 0,02
FeO* 18.40 20,06 20,52 3428 29,77 2795 270 2477 445 7.98
MnO - 038 026 245 023 011 0.18 021 0.01 0,07
Mg0 12,68 1340 14,89 2,90 ER ) 373 297 3,54 1,66 5,80

Cal 2,09 216 199 1,32 0,78 (3] 121 179 4,04 4,97
Na)0 0,07 0.08 0.06 0.03 0.00 0,04 0,07 0.13 3,01 3.43

K0 1,03 0209 0437 391 6.55 6,53 6,035 4885 1,05 04359
total 85,85 8917 90,08 91,71 9360 9425 95,85 93.07 98,30 9042
22(0) 20(0) 20(0) 20(0) 2000) 2000y

cations atoms atoms atoms atoms atoms atoms atoms atoms atoms atoms

Si 6,780 6,480 6,358 6254 7,132 7129 6,920 6850 6.90 6392

Ti 0010 0,001 0,038 0,003 0,003 0,016 0016 0.03 0015

Al 1670 1,961 1,633 0.934 0,634 0,642 1,075 1204 2.87 2,703

Cr - 0.001 - 0.002 0,002 - 0.001 - 0002

Fe'' 2450 2,584 2626 4375 3,266 3,263 3,161 2850 043 0858

Mn - 0,050 0,034 0316 0,027 0013 0,021 0,025 0,00 0,008

Mg 3,010 3.076 3,303 0.639 0,779 0,781 0.603 0720 028 1,112

Ca 0360 0357 0,326 0248 0118 0,127 0.177 0264 0.49 0,685

Na 0,020 0,023 0,018 0,008 - 0,009 0,019 0,033 111 0856

K 0210 0,041 0,083 0.761 1175 1,166 1,053 0,860 0.15 0,075

Totals 14,495 14572 14676 13,615 15,135 13,134 13,054 12,933 12,267 12,706
SitAl 8,000 8.000 8,000 8,000 1,766 7771 8,000 8145 8,000 8,000
AFTi+Fe'™Mg+Mn 3910 6.149 6,246 3350 4,072 4,057 3,789 3738 25 3072
remaining elements 0,586 0471 0462 1,333 1.321 1316 1270 1,183 1,758 1,624

* all Fe as FeQ, = below dtection limit

Table 2. Representative microprobe chemical analyses of clay minerals in Apliki pillow lavas (complete

chemical analyses in Antivachis 2014).

Miv. 2. AvTUTPOOWNEUTIKEG UIKPOAVAAUOELG QPYINKWY OPUKTWY Twv pillow AaBwv tou ArAkiou (yia to
OUVOAO TwV XNUKWv avaAioewv BAEre AvtiBdxn 2014).

The main zeolite identified in the basal-
tic pillow lavas of the region is analci-
me, and is usually associated with clay
minerals.

4.2. Mineralization and hydrothermal
alteration
The Apliki stockwork-type sulphide
mineralization is structurally controlled,
bounded by two N-S striking sub—par-
allel faults.
In the mineralized zone the following fa-
cies have been identified:

(a) A stockwork zone

(b) Veins of amorphous silica (silica

zone)
(c) Massive veins of gypsum

(d) Oxidized vein of massive miner-
alization (“red zone”)

(e) Oxidation zone
A schematic geological section of
northern wall of Apliki deposit is shown
in Fig. 8. It includes the country rocks,
the mineralized stockwork zone which
is controlled by the two faults, veins of
amorphous silica, massive veins of gyp-
sum, oxidized vein of massive mineral-
ization and oxidation zone. Additional-
ly, in the central part of the mineralized
zone, the drill hole AM 9 is identified.
The stockwork zone constitutes a com-
plex network of quartz and jasper veins
hosted within the brecciated pillow la-
vas (Fig. 8.) which are probably the re-
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W Oxidized vein of massive
mineralization

g ///,xg/ f s LA LLL
Bt ‘/(d/

et §
o e

Fig. 8. Schematic geological section of northern part of Apliki deposit which includes the country rocks, the
mineralized stockwork, veins of amorphous silica, massive veins of gypsum and the oxidation zone.

Eik. 8. 2Xnuatkn tourj Tou Bopeiou TURUAtog Tou Kottdouatog tou ArtAikiou, otnv orola arteikovidovral ta
repBaMovta netpwuara, n HetaAMopdpos Lwvn Turtou stockwork, n {wvn dUOPPOU NUPLTIOU, OL CUUITAYEG

PAEBEG yuou kat n {wvn o&eidwong.

sult of explosive hydrothermal activity
within the fault zone (Lydon and Gal-
ley, 1986). Brecciation is more pro-
nounced in the upper parts of the min-
eralized zone, with the pillow structure
to a large extent destroyed, and com-
prise rounded fragments of lava weld-
ed together by sulphide minerals and
quartz. The basaltic brecciated Pillow
Lavas from the upper part of the north
wall of the opencut of the mineralized
zone are depicted in Fig. 11A. In these
lavas primary magmatic minerals are
not preserved.

The minerals of hydrothermally altered
and brecciated lavas are chlorite, clay
minerals, albite, iron and titanium ox-
ides and quartz.

16

Chlorite is the predominant miner-
al amongst the non—-metallic minerals
which has been formed from the hydro-
thermal alteration of clinopyroxene and/
or volcanic glass. Its chemical compo-
sition ranges from ripidolite to pycno-
chlorite (Table 3A). The mineral often
fills fractures in pyrite.

Clay minerals occur within the chlor-
itized groundmass and it is sometimes
impossible to distinguish them from
each other (Table 3B). They commonly
replace volcanic glass and rarely occur
as pure phases.

The albitization of magmatic plagio-
clase (labradorite-bytownite) led to the
formation of pure albite. Oligoclase is
rare.
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A cHorite B beidebite kaoknite-smactite mab;td:nlh:ie chiorite- smectite kadlinte
oxide witlo widb wtlo wili oxide wile witde wtdi wilo witdi
810, 2033 26,09 2655 712 S10; 38 46,08 43,00 3009 4830
TiO: 003 002 0,05 0,02 Ti0: om 0,02 0,02 002
A0y 209 20,68 2134 2086 AbOs 27, 23 3601 3319 36,05
Cr:0n 005 003 0,04 0,02 Cr:0: 002 0,01 0,01 om
FeOQ 17,38 16,65 1938 2145 FeOD 121 0g8 058 3,55 058
MO 026 0,14 0,03 0,16 A0 - 001 0,02 0,01 002
Mz0 19.85 1887 1744 1692 MgO 189 1,79 041 3,56 122
Ca0 016 0,15 0,06 0,09 CaD 294 347 4,18 2,68 3863
Na:0 - - 0,03 0,01 Na:0 097 1,14 192 1,26 154
K:0 001 0,04 K:0 034 043 026 0,14 029
total 23,19 8263 3592 8667 total 2.2 8622 8641 8349 91,65
28(0) 2(0) 2000 2000y 20(0) 13(0)
cations  atoms  atoms atoms  atams cations  atoms atoms atoms atoms atoms
Si 5878 55T 5523 5642 1 5750 5838 5466 5234 5,168
Ti 0,005 0,004 0,008 0,003 T 0,001 - 0,002 0,002 0,002
Al 4909 5203 3356 3118 Al 433 4524 3396 3239 4,545
Cr 0,007 0,005 0,006 0003 Cr 0,003 0,001 0001 - 0,001
Fe 2893 2873 3A59 3,732 Fet 0,154 0,104 0061 0398 0,052
Mn 0,043 0,025 0,006 0,027 Mn - 0,001 0002 0,001 0,002
Mg 5,891 6,006 5408 5246 Mg 0428 0337 0078 0711 0,194
Ca 0,033 0033 0014 0019 Ca 0478 0471 0569 0385 0,416
Na - - 0012 0,003 Na 0,285 0281 0474 0326 0319
K 0,002 - - o K 0,065 0,069 0042 0,023 0,039
Totals 19661 19820 19793 19.802
Totals 12003 11925 12,091 12,319 10,737

* dll Fe as FeO, -: below detection Emit

Table 3. Representative Microprobe chemical analyses of chlorite (A) and clay minerals (B) in Apliki hydro-
thermal altered brecciated lavas (complete chemical analyses in Antivachis 2014).

Miv. 3. AVTUMPOOWIEUTIKEG UKPOAVAAUOELS XAwpitn (A) kKat apyAikwv opuktwv (B) twv udpoBepuikd
e&aMowwpuévwy AaBwv turtou breccia Tou ArAikiou (yta To oUvoAo Twv Xnukwy avaiuoewv BAEre AvtBdxn

2014).

Calcite partially replaces plagioclase
and clinopyroxene and occurs either
as filling material within amygdules
and voids, or within the groundmass.
Anatase replaces iron-titanium oxides
and particularly ilmenite.

The mineralogical assemblage (chlo-
rite, albite, clay minerals and anatase)
identified at Apliki suggests that the
prevailing alteration in the mineralized
zone is chloritization. The mineralogical
assemblage identified at Apliki is clearly
depicted in back-scattered electron im-
ages of hydrothermally chloritized lavas
(Fig. 9.). The petrographic examination
of samples indicates a mineral deposi-
tion sequence. Chlorite, albite and clay

minerals are the first minerals formed
and then quartz and pyrite filled vugs,
veins and small cracks.

The hydrothermal alteration zonation
is based on the mineralogical and ge-
ochemical study of 66 samples, cover-
ing the whole north wall of the opencut
of the mineralized zone. The transition
from one subzone to another is not
clear and regarded more as a transi-
tion zone rather than as a clear contact
(Fig. 10). In conjunction with Fig. 8, Fig.
10 illustrates a schematic section of the
northern wall of mineralized zone with
the zonation of hydrothermal alteration.
The chloritic alteration can be spatial-
ly classified into three subzones of in-
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creasing intensity from the periphery to
the core of the stockwork zone (hydro-
thermal alteration zonation) (Fig. 10).
These are:

(1) Smectitic, involving montmorillonite
and illite, with limited presence of chlo-
rite. This subzone can hardly be distin-
guished from the Lower Pillow Lavas.
(2) Chloritic — smectitic, with stronger
presence of chlorite as a replacement
of pyroxenes.

(3) Chiloritic, in which chlorite is the
dominant mineral, with magmatic min-
erals absent.

In the upper parts of the mineralized
zone weak silicification is detected.
The vein-like amorphous silica bodies
(silica zone) and massive veins of gyp-

sum develop in a N-S orientation and
occur in the western part of the mineral-
ized zone (Fig. 8). The main associates
of the amorphous silica zone are kaolin-
ite and Na—, Na-Mg and Mg-sulphates.
Additionally, an oxidized vein of mas-
sive mineralization occurs in the north-
west and southwest part of the miner-
alized zone (Fig. 8). Goethite, jarosite
and natrojarosite are the predominant
minerals, while Fe-Ti, Pb, Cu, and Zn
oxides are accessories.

The stockwork zone is overlain by a
zone of limited oxidation (not exceed-
ing 30 meters) with the formation of he-
matite and goethite, accompanied by
tenorite and cuprite minerals (Fig. 2a,
8, 10).

Fig. 9. Back-scattered electron images of hydrothermally brecciated chloritized lavas with the intense pres-
ence of smectites. The quartz is replaced by the smectite as indicated by the corroded outlines.

Eik. 9. Mwpopwtoypapieq BSE udpoBepuikd efaMotwuévwy xAwpttiwuévwy AaBwv ue évtovn v
TapoUCia OUEKTITWV.
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4.3. Jasper

Jasper is widely present in the brecciat-
ed lavas, either in the form of veins or
as open-space fillings between pillows
(Fig. 11B).

Quartz, goethite and hematite are the
main components of the jasper, togeth-
er with minor amounts of clays and car-
bonate. All samples of jasper contain
sulphide minerals, predominantly py-
rite with minor sphalerite and chalcopy-
rite. Jasper displays a variety of macro-
scopic textures that range from massive,
laminated to brecciated. It is character-
ized by dense aphanitic texture that re-
flects uniform distribution of hematite
and quartz. Jasper in Apliki is made up
of hematite—rich laminae 1-5 mm thick.
Colour distribution is characteristic, with
individual laminae ranging from dark red
to orange, probably due to variations in

iron content or the nature of the iron min-
eral (hematite, limonite, goethite).

Ore Mineralogy and chemistry

Pyrite, marcasite and chalcopyrite are
the predominant ore minerals whereas
bornite, sphalerite, galena and barite are
accessories (Fig. 12). Their crystals are
characterized by considerable variability
ranging from hypidiomorphic to allotrio-
morphic. Porous and cataclastic texture
is common.

Pyrite is universally present in the form
of veins or disseminations in the hydro-
thermally altered host rocks. Its crystals
do not exceed 0.5 mm. The mineral fre-
quently contains numerous inclusions
or growths of chalcopyrite, sphalerite,
pyrrhotite, cubanite and Fe-Ti oxides,
whereas inclusions of talnakhite, hay-
cockite and fukuchilite are rarely ob-
served.

A A A weak silicification

b A lower pillow lavas

subzone of smectites

||I| " |[| subzone of chlorite-smectites
subzone of chlorite

weak silicification

oxidation zone

stockwork 2one

subzone of chlorite

. A A A A A A A A A
A A A #
celadonite

L A A A AR A A A A A A
A A A A A A A S A

Fig. 10. Schematic cross—section of the Apliki massive sulphide orebody and associated stockwork, show-

ing the zonation of hydrothermal alteration.

Eik. 10. Zxnuatkn tour) twv urtolwvwy udpobepuikng e&aMoiwong twv AaBwv turou breccia g

UeETaMopdpou wvng Tou ArAkiou.
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Fig. 11. (A) Basaltic brecciated pillow lavas from the upper part of the north wall of mineralized zone and (B)
Jasper veins crosscut the brecciated pillow lavas.

Eik. 11. (A) Aaturioriayoetdriq AdBeg turtou breccia and 1o Bopeto turjua me puetaropdpou {wvng kat (B)
Eupavioelg ukpopAeBidiwy iaori rmou dlatpéxouv Ti¢ AdBeg Turou breccia.
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Fig. 12. Back-scattered electron images of pyrite (py) and chalcopyrite (ccp) crystals; the main mineralogical
components of semi-massive and disseminated sulphide Apliki ore: (a) pyrite (py) enclosed in chalcopyrite
(ccp), (b) inclusions of chalcopyrite (ccp) in pyrite (py) matrix and (c) peripheral replacement of chalcopyrite

(ccp) by covellite (cov).

Eik. 12. Mwpopwtoypapie¢ BSE kpuotdMwv owdnpornupltn (py) kat xaAkorupin (ccp). Ta kupla
OPUKTOAOYIKG ouoTaTikd TOU NUIOUUNTayous éws dldomnaptou uetaleduarog oto ArAkL (a) ouugpuon
odnpornupitn (py)-xarkorupin (ccp), (B) owdnporupitng (py) PEPEL eykAeiouara xaAkornupitn(ccp) kat (y)
avTikatdoTaon ¢ MEPLPEPELAG TOU XAAKOTIUPITN (ccp) ard KoBeAVn (cov).

Quartz is the principal gangue mineral
in pyrite. The size of inclusions ranges
from < 3 um to 20 pm.

Microanalyses of pyrite reveal that cop-
per ranges from 0.1 to 0.3 wt. %, with
arsenic and cobalt ranging from 0.1 to
0.5 wt. %. Nickel ranges from traces up
to 1.5 wt. %.

Chalcopyrite is the second most abun-
dant metallic mineral. It occurs in the
form of irregular crystals of variable size
filling the interspace between pyrite
crystals and it is commonly associated
with other minerals. Chalcopyrite exhib-
its either a close paragenetic relation-
ship with pyrite or contains inclusions of
sphalerite, talnakhite, idaite and rarely
mooihoekite within its matrix. Replace-
ment of chalcopyrite by covellite and
chalcocite is also documented and is
clearly related to supergene processes.
The chemistry of chalcopyrite indicates
that the content of cobalt and nickel
ranges from 0.1 to 0.4 wt. % and 0.1
to 0.5 wt. % respectively. Arsenic and
silver contents are very limited and do
not exceed 0.2 and 0.1 wt. % respec-
tively. Zinc content exceeds 0.6 wt. % in

semi—massive ore samples contrary to
the disseminated ones whose respec-
tive content is below detection.
Galena—a rather uncommon mineral
with allotriomorphic crystals—is usually
completely oxidized and replaced by
anglesite.

Bornite was only found in samples of
drill hole AM9. Specifically, from 31 to
38 meters the periphery of chalcopyrite
is replaced by bornite, while from 50 to
57 meters chalcopyrite

contains growths of bornite.

Sphalerite is the last, amongst the ore
minerals of the stockwork zone, to form
and appears as inclusions within either
pyrite or chalcopyrite. Trace elements
identified within the sphalerite are iron,
manganese, cadmium and rarely cop-
per. Chemical analyses indicate that
cadmium content ranges from 0.1 to
0.9 wt. %, while the respective values
for manganese are 0.05 to 0.7 wt. %.
Pure sphalerite is rarely detected, since
zinc always replaces iron. The variation
of iron content (from 4.2 to 19.2 wt. %
FeS) follows the prevailing trend of Cy-
prus-type ore deposits e.g. Mathiatis,
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Mousoulos an d South Mathiatis (Han-
nington et al., 1998; Adamides, 2014).
It demonstrates deposition in a wide
range of physicochemical conditions
which has been interpreted as the result
of variations in as, temperature and/or
pressure (Barton et al., 1977; Einaudi et
al., 2003).

Goethite, hematite, chalcocite, covel-
lite and Fe—, Cu-, Pb-, Al- and Ca-sul-
phates were formed in the supergene
environment.

The remaining Apliki semi-massive
to disseminated sulphide ore is char-
acterized by sulphur and copper con-
tent ranging between 0.1 to 16 wt. %
and 0.01 to 3.5 wt. % respectively. Py-
rite, chalcopyrite and marcasite are the
predominant minerals, a fact which is

depicted in the copper, iron and sul-
fur concentrations in conjunction with
the ones of Cd, Co, Cu, Pb, Zn, Ag, As,
Au, Hg, Ni and Sb being distinctly lower
(Table 4). The SiO2 content is particu-
larly high (from 33 to 69 wt. %) through-
out the mineralized zone and is closely
related to the quartz and jasper vein-
ing which characterizes the stockwork
zone. The gold grade in Apliki in pyrite
concentrates ranges from 320 to 810
mg/kg (Antivachis, 2014).

In order to evaluate the spatial distri-
bution of major elements, in both the
northern and southern wall of miner-
alized zone, mapping and geographic
analysis MaplInfo 11.0 software and Ver-
tical Mapper, with interpolation natural
neighbor method were used.

Cyprus mm[:rieh;ftm Ag (ppm) As (pom) Au(ph) Cd (ppm) Co(gpm) Cu(?%) Fe(%) Ni(ppm) Pbippm) 5 (%) Se (ppm) Sbippm) Zn(%) references
Skourbfissa | massive sulphice | 3 uo w0 I8 s4 W <Al W30 |
Mavrovouni | massive sulphide 170 1030 410 369 392 330 - 0.8

Mathiatis | massive sulghide | 4 60 0 00» 4007 w5 0n ¥ s N 1 03

Sha . |massie suighide | 10 637 1000 %] 0 e e T e e g 0 13
Agrokipia | masshe mighice | 1 0 1% 1 9 007 40 <0 30 469 14 3 003 |Hssingon a2 1553)
Conatantinon & Govett
Agrolipa B | stockwork =3 694 160 14 133 0,04 455 36 - 19 7 - 0,05 | (1973). Hemig (1588,
Hznnington st 2l (1958)
Aghli stockwork 02 18.6 60 118 33 0.6 13,6 58 98 36 109 01 003 thisstudy
Apiki semimassie | 0.5 51 510 29 29 21 183 55 10 103 31 1 0,03 thisstudy
TAG MOUNT mﬁim Ag (ppm) As (pem) Au(pgb) Cd (gom) Colgom) Cu(%)  Fe (%) Nilgom) Pb(ppm) § (%) Se(mpm) Sbipom) Zn(%) |  seferences
TAGMDOUND| stockwork | <l 33 214 3 285 10 286 <0 6 366 17 <l 01 |meswaags
Alvin samyples | massive sulghide | 37 9 0 M B8 46 27 2w &80 407 11 ¢ 13

Oman M‘E-‘ri;m Ag (ppm) s (ppm) Au(peb) Cd (om) Co(pom) Cu(%)  Fe (%) Nilppm) Po(ppa) 5 (%) Se (ppm) Sb(ppm) Zn(%) | refersmoes

Lassail  |massive sulghice | 8 B 31 411 T 25 . gpy [Pt I hast

Ralah | massie sulgine | 23 510 %6 77 137 ) a3 190 12 | Leewersta(ag

Awp  |massteomiphice| 13 280 - 5 %0 58 268 45 M5 - - - 0ps [F=ed0ibes

Rakah stockwork 2 245 - - 130 =15 21,7 110 27 - - 5 0,29 | Lesoyereral (1989

B | stchwodk | - 50 - 130 265 35 3 6l - ag [weilERes

Al Ajal stoclowork =1 36 - - 180 097 178 117 10 - - =5 0,07 | Leyzra

Hayal -as- Safi]  stockwork =1 11 - - 62 034 94 149 8 - - =5 0,02 | reswerstalosy

* the concentrations arz the averam valnes accondingto the fspective anthors

Table 4. Ore grade of selected ophiolite-hosted massive sulphide deposits in Cyprus, TAG (Trans-Atlantic

Geotraverse) and Oman.

Miv. 4. Xnuoudg petaleluartog eriAeyuévwy Kortaoudtwy ard () 0 OPLOAIBIKG oUurAeyua tou
Tpoddoug, (B) v uecowkeavia pdxn tou AtAavtikou Qkeavou (Trans-Atlantic Geotraverse) kat (y) to

0PLOABIKG ouurAeyua tou Oudv.
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Fig. 13. Element distribution [S (%), Fe (%), Cu (ppm) and Zn (ppm)] in the (a) northern and (b) southern

wall of the mineralized zone.

Eik. 13. Katavourj otoixeiwv [S (%), Fe (%), Cu (ppm) and Zn (ppm)] oto (a) Bdpeto kat (B) votio uETwrto

NG HETAAOPOPOU Lwvng.

The spatial distribution (Fig. 13A) of
iron, sulphur and zinc in the stockwork
zone in the northern part of the open-
cut is almost identical with those of cop-
per. The highest copper content which
reaches 3.5 wt. %, is found in semi-mas-
sive ore (in the lower levels of northern
wall of the deposit) and in a wide area
along the western fault (Fig. 13a), while
in the southern wall of the opencut cop-
per does not exceed 1220 ppm (Fig.
13b). It is noted that remarkably high
copper concentrations are recorded in
the oxidation zone as well (from 0.06 to
>1%), a fact indicating that copper is
not leached and a substantial part of it
still remains.

5. Discussion - Conclusions

The Apliki deposit is hosted within the
Lower Pillow Lavas of the Troodos ophi-
olite. Similar mineralogical assemblag-
es of secondary minerals and phyl-
losilicates (clay minerals and micas),
zeolites, calcite and quartz to those oc-
curring at Apliki have been recorded in
other locations of the Troodos ophiolite
complex (Gillis and Robinson, 1985;
1988; 1990). Additionally, the presence
of clay minerals, mainly as a mixture of
components  (celadonite—glauconite—
saponite) and not as pure phases with

a very limited participation of nontron-
ite, is in agreement with the findings
of workers on Troodos (Gallahan and
Duncan, 1994; Kelman, 1999).The sec-
ondary minerals identified at Apliki, ac-
cording to Alt and Honnorez (1984), Alt
et al. (1986) and Gillis and Robinson
(1988; 1990), constitute a low-temper-
ature regional scale alteration assem-
blage with phyllosilicates being typi-
cally the most abundant, depending on
local conditions.

Apliki represents typical Cyprus type
ore deposit and constitutes an exam-
ple of structurally controlled stockwork
type mineralization. It is inferred from
the nature of the remaining minerali-
zation at Apliki, that both the massive
sulphide zone as well as the richer part
of the stockwork zone have been re-
moved by previous mining. As the mas-
sive sulphide zone has been removed,
the bulk of the examined mineraliza-
tion comprises the associated stock-
work zone. This is characterized by py-
rite and chalcopyrite, with subordinate
marcasite and sphalerite as the main
ore minerals within the brecciated Pil-
low Lavas whose dominant alteration is
chloritization.

Chlorites from Apliki stockwork zone—
with a ratio of Fe/ (Fe + Mg) ranging
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from 0.20 to 0.49 — follow a similar trend
with the propylitized Pillow Lavas of
similar deposits (Fig. 14). Specifically,
their chemical composition is consist-
ent with the ones of TAG (Trans-Atlan-
tic Geotraverse), Galapagos Rift and
EPR 130N (Alt et al., 1999; Alt, 1999).

At Apliki, jasper crosscuts the brecci-
ated lavas throughout the stockwork
zone. It is common in the stockwork
zone of Cyprus—type massive sulphides
(Hannington et al., 1998) and it is gen-
erally accepted to be the result of low—
temperature hydrothermal activity inter-
acting with seawater associated with
existing fault zones (Duhig et al., 1992a;

s E

0,1to 16 %

oxidation zone
;

Hannington et al., 1998; Grenne and
Slack, 2003a).

The ore chemistry and its spatial dis-
tribution exhibit an enrichment close
to the western fault as well as at areas
where the semi-massive ore is present,
reflecting the existing mineralogical
components with high concentration of
Fe, Cu and S. This fact probably dem-
onstrates that (a) the western fault was
the major controlling structure through
which, as the major channelway, the
high-temperature fluids moved up-
wards and (b) the eastern fault repre-
sents the gradational passage into the
unaltered Lower Pillow Lavas.

Fe total

7 to 60%

el

In

SN
L S S S S

»

Fig. 14. Classification diagram for chlorites from the Apliki deposit compared to similar hydrothermal stock-
work-type chlorites, which are also plotted (classification after Hey, 1954).

Eik. 14. Adypauua ta&ivounonsg xAwpttwv twv AaBwv tunou breccia g uetaropopou {wvng Arikiou
e avriororxoug and wveg mporuAtiwonsg AAwv petaMopdpwy kortaoudtwy turtou Kdrpou (aré Hey,

1954).

24



Bulletin of the Geological Society of Greece, vol. XLIX, 4 - 28

A comparison of the remaining part of
the Apliki orebody-after the exploita-
tion—-with other VHMS deposits, like
TAG Mount (Hannington et al., 1998),
Oman (Rakah, Bayda, Al Ajal Hayal-
As-Safil; Lescuyer et al., 1988; Ixer et
al., 1984; 1986), and other Cyprus-type
deposits from Cyprus (e.g. Agrokipia B;
Constantinou and Govett, 1973; Herzig,
1988; Hannington et al., 1998), demon-
strates that it is typified by low concen-
tration of all the elements with the excep-
tion of Cu (the average concentration is
0.6 % in the stockwork zone and 2.1 %
in semi-massive ore). Copper content
of Apliki stockwork type mineralization
is comparable even with corresponding
deposits with massive ore (e.g. Mathi-
atis 0.17 %, Agrokipia 0.07% and Sha
1.9%) (Constantinou and Govett, 1973;
Hannington et al., 1998).

The mineralogy of the host rock plays a
significant geochemical role in the de-
velopment of the gangue and ore min-
eral assemblages occurring in the ox-
idation zone (William, 2000). At Apliki,
the limited oxidation, the high copper
content and its limited mobility is the
outcome of the existing disseminated
mineralization characterized by insuffi-
cient available pyrite for the production
of low—-pH supergene solutions, which
could lead to the formation of an exten-
sive oxidation zone. The mineralogical
constituents of the zone, iron oxides
and hydroxides with cuprite as the pre-
dominant copper oxide, demonstrate
neutral to alkaline pH weathering envi-
ronment conditions. Copper in such an
environment is relatively immobile. Due
to the fact that copper grades in the Ap-
liki oxidation zone are essentially the
same as those in the hypogene proto-
lith, it is surmised that the Apliki depos-
it constitutes a non-typical case with in
situ oxidation of sulphide ore and limit-

ed copper transport. Similar cases have
been recorded in Chile, Panama, Mexi-
co and India (Williams et al., 1999; Wil-
liam, 2000) illustrating similar physico-
chemical conditions to those prevailing
at Apliki.
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