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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 production of
1,650,000 tons of copper ore. The mineralization is hosted within the sequence 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 celadonite, calcite,
analcime and quartz which occur within amygdules or are dispersed 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 presence 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 jasper 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 bornite,
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 sampling method so to achieve
the best representation of the samples taken. The spatial 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 enrichment 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 demonstrated
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 Pillow Lavas. Gold grade does not
exceed 0.1 g/t, while copper grades ranges between 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 mineralized zone.
The “red zone”, with an N-S orientation, constitutes probably an oxidized vein of pyrite—
chalcopyrite.

The mineralogical assemblage of Apliki oxidation zone (iron oxides and hydroxides, 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 respective 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

Iepiinyn
To xoitacpo ATAkiov amotelel TUNUA TNG LETAAAEVTIKNG TTEPLOYNG TNG LKOVPLDTICCAS TNG
Kompov, n omoia givar onpepa n povadikn teployn eE0pLENG LETUAAEDLOTOG KO TTOPOYMDYNG
yoAko0 ot vico. H e€opuktikn dpacmmpiomra oto AmAixt, omd tnv dekoetio tov 1960 £mc
10 1974, glye o¢ oamotéieoua v mapaymyn 1.650.000 tévov uetaAiedpotog yorkov. H
petaAlopopicc. Tov  Amiikiov eivor  TEKTOVIKA  gleyyopevrn, oprobeteitor  amd  dvo
vromapdAAnAa prypata, dievbiveewng mepimov B—N kot gilo&eveitar evioc tov Katotépmv
Pillow Aofdv tov 0ploabikod copmAiéypatog tov Tpooddovg. O Katdtepeg Pillow Adfeg
yopoktnpilovral tomikd omd youning Oepuokpaciog e€oiloimon, OOl UE OULTAV TOL
emkpotel oTig avtiotoryeg AaPeg 6Aov Tov Tpooddovg. Tao KOPLOL HOYUATIKG OpVKTE eivat
TAayloKAaoTo EVOldpecng Tpog Paciknig cVeTAoNS Kot KAvomupoEevol, evd o acPeotitng, ta
OPYIMKG OPUKTA, 0 GEANDOOVITNG, TO AVAAKIUO Kol 0 YoAaliog cuVIGTOOV Ta Kupiapye 0pLKTA
eEaAloimong youniov Beppokpacidv. Avarticcoovtal Kupiog o¢ abpoiopoto, oTavia g
UEHOVOUEVEC OPLKTOAOYIKEG (AGCELS, ©E OPLKTOULYOOAN 1 &givol didomapto péoa ot
Osueiicdon pala.
21 petaAro@opo {dvn mapoTpOvVTaL:
(o) Cdvn stockwork
(B) ovykevtpdoelg Gpopeov 810£1610v Tov TVPLTIOL EAERIKNG HOPPNS
(V) pA£Peg yOyou
(0) o&edmuévn PAEPa cupmayovg petardopopiag («epvbpd Cdvn»)
() Covn o&eidmong
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H petarro@opia avamticoetol evidg Aotvmonaymdv Aofmv (breccia), ot omoieg Tpoékvyay m¢
OTOTEALEC O GLGGMPELGNG BpavoudTmv AdPog Kot Bgby®V 0PLKTOY GTO GTASIO EKPTKTIKOD
Tomov  vopobepuikng Opactnpomtag. H upetaAlopopog Lovn €xel  xopoKTnploTIKd
uetolhogopiag tomov Stockwork, pe cvppetoyn yorolliokdv @Aefdiov xor ioom. To
ocvumayés petdiievpa €xel e&opuytel Kot avtd 10 omoio opepa peAeTdton givan TURLO TG
Lmvng stockwork ato Bopeto Tunpa Tg netolho@opov {ovng.

H Bei00y0c petarrogopio eivor gpeavig oe OAn v éktacn g Cdvng, pe evrovotepn
TOPOLGIN OTA KOTMTEPO TUALLATA TOV BOPElOv TUALOATOC, OOV (TOTIKA) GLUVAVTATOL GUUTOYES
€m¢ NuovuTayég petdAlevpa. Avtifétog otig vwoAomeg Pabuideg TS EKOKAPNG ATAVTATOL
pévo dbomoptn petairogopic. Emkpatovca vdpobepuikr eEodhoiwon ot {ovn eivor m
yAopttioor. Xta avatepa Tupota e (dvng Tapatnpeitol acbevig Tupitioon.

O {oomig avantbooetor pe ™ popen stockwork kot epgavileton ite pe ™ popeN HIKP®OV
olefidiov, eite katokeppatiopévov erepidimv, to omoia téuvovv T AGPeg Tomov breccia.
210, avOTEPA TUNUATO TNG LETOALOPOPOL {MVTNG 1| GUUUETOYN TOL {aomt gival evtovotepn. H
napovcio. Oeobywv opuKTOV KPIVETOL ONUAVTIK] HE KLPlOpYO TOV GONPOTLPiTH Kot
axolovbei cpalepitng Kot yohkomopitng.

To petdAdevpo amoteleital omd GLONPOTLPITN, HOPKAGITN KOl YUAKOTLPITN, EVEO UE
LIKPOTEPT] CLUUETOYN] OOVIMOVTOL CQOAEPITNG, TLppoTITNG, YOANviTnG, Papitng, Popvitng,
kovPavitg kot Bsiodrata Cu—Fe (Waitng, povyoikitng, toAvakyitng kot yeikokitg). Qg
VIEPYEVETIKA OPUKTE TOV UETOAAEVUOTOS OOVIMVTOL YKOITITNG—OHOTITNG, YOAKOGIVIG—
KofeAlivng, Betikd opukTd G101PpoV, LOAVPBAOV, YaAKoD, apyidiov kot acPeatiov.

H derypotoinyio tov petdmov €£6pvéng kot g petaAlopopov (dvng dlevepynbnke ue
oLVOLAGUO  «aVAOKOGY Kol «tepaymvy» (chips), étor ®ote vo emrevyfei m PBéitiom
OVTITPOCHOTEVLTIKOTNTA TV dslypdtov. H amotdimmon e yopikng KOTavoung TOV KOPLmV
otoyeiov Ag, As, Au, Cd, Co, Cu, Fe, Ni, Pb, S, Se, Sb kot Zn tov petaAledpatog yio to
Bopeto TuqUa TG HETOAAOPOPOV (DVNG, KATAOEIKVOEL EUTAOLTIONO TANGIOV TOL SVTIKOD
pyHoTog Kot ot {OVI TOL GLUVOVTATOL TO MUICLUTAYES UETGAAELHO. AVAAOYN epyacia
TPOYUATOTOMOMKE KOl Y10 TO VOTIO TUNMUA, HE TIG TEPIEKTIKOTNTEG TV VIO LEAETT] OTOLXEI®V
vo gival YoumAOTEPES, YEYOVOS TOL OMOTLTAOVEL TNV TOAD TEPLOPICUEVT] GUUETOYT TOV
ddomaptov petardievpatoc. H mepiektikdmta og xpvod dev vrepPaiver ta 0,1 g/t, evd o
xoAKog kopaivetar amd 0,01 €mg 3,5 wt % xat to Beio amd 0,1 Emg 16 wt %.

[Mnciov Tov SLTIKOD PAYHOTOC, HETOED TV TPOTLAMTIOUEVOV AaPOV TG UETAAAOPOPOL
Covng kot tov pillow lafdv, evtomicOnke (dvn Guopeov do&ewdiov Tov mVPITIOV.
HopddAnio, oto JVTIKO TUNUo. ™S MeTaAloeopov (dvng, pe debbvvon BA-NA,
avantoooovtal PAEPeS yoyovu. H «epubBpd» Cmvrn Pploketar avatoiikd g {ovng dpoppov
ow&ediov tov mupitiov, ekteivetal de oe pia devbuvon mepimov B-N ko mibavotata
amotelovoE cuumayn EAERa oM pomLpitn — Yolkomvpitn 1 omoia o&edmOnKe.

H {ovn o&eidwong tov xottdopatog tov Amlkiov ocvvioTotol omd €vo OPLKTOAOYIKO
GBpotopo (0&eidio ko vOPoeidia Tov G1ONHPOL, KLTPITNG), WOV Eivol YAPAKTNPLOTIKO
ocuvnkdv oyedov ovdétepov pH, yeyovog 1o omoio ogeidetal oty avemapkn olabéciun
TOGOTNTO GLONPOTLPITN YO TNV TOPAYMYN VIEPYEVETIKDY OV Stoivpdtov. H yopim
KOTOVOUT TOL YOAKOD KoL Ol TEPLEKTIKOTNTEG TOV, GYEOOV 1010 TAEEMC LE TIG AVTIGTOLYES TNG
TPMTOYEVOVS BE100Y0V LETOAAOPOPIOG OTOTVTAVEL TI TEPLOPICUEVT] KIVITIKOTITO, TOV YOAKOD
uéco og pio «actevip Tpmtoyevn Be100y0 uetaAropopia.

AéEerg krewowa: Kowtdopato tomov KoOmpov, MeToAAELTIKY] TEPOYN] ZKOLPIDTIOCOG,
Opvktoroyia, I'ewynueia, Metodlopopio Tomov stockwork
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1.Introduction

Cyprus has become famous for copper
extraction from sulphide deposits since
ancient  times  (Hadjistavrinou  and
Constantinou, 1982) which was focused
around 5 major mining districts
(Skouriotissa, Limni, Kalavasos, Mitsero
and Tamassos); the Apliki mine along
with Skouriotissa, Mavrovouni,
Phoukassa, Three Hills, Phoenix and East
Lefka belong 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).  Cyprus-type
massive sulphide deposits are usually
structurally controlled by normal faults.
Morphologically they are characterized by
an upper zone of massive 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 example
of Cyprus-type Cu-bearing massive
sulphide deposit (Constantinou, 1980),
located 5 kilometers southwest of
Skouriotissa mine (Fig. 1,
3.).Geographically it belongs to the
Nicosia district and is situated very close
to the ceasefire line, just south of the UN-
controlled buffer zone. The abandonment
of Apliki mine in mid-1970s has left a
deep pit, now hosting an acid pit lake fed
by surface runoff, surrounded by the
mineralized zone and the adjacent basaltic
Pillow Lavas (Fig. 2.). The altitude at the
bottom of the open pit is approximately
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 diameter of the lake is around
180 meters and the shortest 90 meters. The
flora 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 deposit
started in the 1960s by Cyprus Mines
Corporation  (CMC) using opencut
methods and ended in 1974 due to the
Turkish invasion. Part of the oxidized ore
was stockpiled separately and nowadays
constitutes a valuable resource for
hydrometallurgical exploitation by
Hellenic Copper Mines Ltd (Adamides,
2010a). Up to the cessation of mining in
1974, approximately 1,650,000 tons with
18 % 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 extensions merge into altered
ground and are mainly covered under
waste dumps (Adamides, 2010a).

It should be noted that there is an absence
of scientific studies pertaining to the
Apliki deposit with the notable exception
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
geology of the northern part of the opencut
of the Apliki mine including the chemistry
of the ore and the hydrothermal alteration
of basaltic Pillow Lava.

2.Sampling and analytical techniques

Pillow Lavas, ore and jasper samples were
collected from the steep northern and
southern slopes of the Apliki opencut
along a series of traverses (Fig. 2.).

7
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Sampling in the northern wall was
hindered by the presence of a landslide in
the eastern part of the opencut, which
covered approximately 15% of the
sampling area. A number of benches
presented sampling difficulties because of
steep slopes and narrow width; however

the problem was resolved by opening
narrow paths, and the use of ladders for
access. Nevertheless, the sampling is
deemed adequate as it was supplemented
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).

Ew. 1. T'eohloykdc xapme tov 0@loAlikod cvumiéyuatog tov Tpoddovg, 6Tov omoio
Tapovoldlovtol EMAEYHEVO KOITAoUATO cvumoydv Bgodywv. To koitacpo tov Amiikiov
onueiwveto pue pavpo tetpaywvo (Bickle and Teagle, 1992).

Sampling in the southern wall was limited with the
focus being only on the mineralogical identification
and the chemistry of the ore based on the very limited
presence of disseminated ore, a fact which disallows
safe and reliable conclusions.

The samples were pulverized and homogenized at the
University of Athens, Department of Geology and
Geoenvironment and analyzed by ALS, Ireland and

Acmelabs, Canada by ICP-MS (SiO;, Al,Os; CaO,
Cry03,Fe,03, K20, MgO, MnO, NayO, P,0s, Ti02) and
ICP-AES, (Ag, As, Cd, Co, Cu, Hg, Fe, Ni, Pb, S, Se,
Sh, Zr, Zn) except for gold which was analyzed by
AAS using a Perkin—Elmer 1100B device at the
University of Athens.
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Fig. 2. General view of the northern (a) and southern (b) part of the Apliki abandoned mine.
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Petrographic work was performed at the
University of Athens using a Leica
combined transmitted and reflected
microscope  with digital camera
attachment. The preliminary mineralogical
identification of samples was performed
by X-ray diffraction (XRD). For X-ray
diffraction, a  SIEMENS D-5005
diffractometer was used. All samples were
scanned between 3-65° 20 angle with
velocity of 1°/min, using the Ka radiation
of a Cu X-ray tube, operated with a
voltage of 40kV and a current of 40mA.
The evaluation of the X-ray diffractograms
was performed with the EVA software,
version 2.0. The mineralogy of primary
and secondary minerals and back-
scattered imaging was performed using a
Scanning Electron Microscope (SEM)
JEOL JSM-5600 equipped with an EDS
Oxford Link Isis 300 at the University of
Athens. Microprobe analyses of silicate
minerals were carried out at the Institute of

Mineralogy and Crystal Chemistry, at the
University of Stuttgart, Germany, with the
use of a CAMECA SX100 microprobe
analyzer  with integrated  5WDS
spectometers, using 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 (Varga
and Moores, 1985) which can be construed
as a special tectonic feature, of north—
northwest orientation, hosting some of the
largest massive sulphide deposits in
Cyprus  (Adamides, 2010a). The
Mavrovouni and Apliki deposits are in the
western edge, while the Skouriotissa group
deposits in the eastern edge of the graben.
The geology 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).
Ew.3. ['edloyikdg xdptng tng eupuTePNG TEPLOYNG ZKOVPIOTIOSAS-Mavpofovviov

(Adamides, 2010a).

According to Varga and Moores (1985)
the Solea graben is one of a series of
interpreted tectonic features correlated
with the evolution of the ophiolite at a
spreading centre. Adamides (2010a)
suggests that the Mavrovouni and Apliki
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deposits are localized by structures which
are possible oceanic detachment faults.
These sulphide deposits have been
exploited both in ancient and modern
times.
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Skouriotissa—Mavrovouni region includes
three  cupriferous massive sulphide
deposits; Phoukasa or  Skouriotissa,
Phoenix and Three Hills. Additionally, the
Apliki and West Apliki deposits belong in
the same mining area. Detailed description
of the deposits of the Skouriotissa group
and their mineralogical characteristics are
provided by Adamides (1984; 2010a),
while their geological and tectonic features
are shown in Fig. 3. The Phoukasa deposit
is a classic example of Cyprus-type
massive sulphide orebody with a lens of
massive sulphide overlying a pipe of
stockwork—type mineralization passing
laterally into unaltered Upper Pillow
Lavas. The Phoenix deposit is
characterized by extensive disseminated
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 enrichment.
Mavrovouni is characterized by the
presence of massive sulphide lens hosted
within Pillow Lavas and enveloped by
altered lavas  with disseminated
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 sulphide mineralization in
chlorite—bearing and silicified lavas with
an overlying oxidation zone.

4.Results

4.1 Petrology and host rock alteration 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 amygdaloidal texture
with amygdules filled with zeolites and/or
quartz. The interspace between the pillows
is occupied by carbonates 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
interpreted 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 (clino— and
ortho-), iron and titanium oxides and
rarely olivine are the dominant magmatic
minerals.

The ternary classification diagram Ab-—
An-Or for feldspars (Fig. 4.) depicts the
chemical variability of primary plagioclase
of Apliki Pillow Lavas. The majority
ranges in composition from An70 to An50,
falling in the fields of labradorite, while
andesine and bytownite are rarely
observed. They form tabular lath—shaped
crystals and are associated with variably
altered clinopyroxenes. Locally they are
replaced by clays, calcite and/or zeolites.
Clinopyroxene is augite, while
orthopyroxenes are rarely observed. The
chemical composition of plagioclases and
pyroxenes from the Apliki Pillow Lavas
(Table 1.) are plotted on the corresponding
diagrams (Fig. 4.).
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Fig.4. (a) Ternary classification diagram Ab—An-Or for plagioclase, showing the chemical
variability of primary 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).

Ew. 4. Adypoppo tpoPoing e ovotacng (o) tov miayokidotov tov pillow lafov tov
Amlikiov xar (B) tov mopo&évev tev pillow Aapov tov Amlkiov (Di: dwoyidiog, Hd:

edevPepyitg, En: evetaTitng, Fs: geppooiditng,  Wo: BoAlaoTovitng).

) Tabradorits andesine bytwonits ® omts
major sl=ment
oxide (wtt %) wit% with witth with wilh with wilh oxide with wilh Wit wilh Wil wilh wid wils wi%
8i0, 5593 5278 5304 | 6044 5580 | 4960 4810 0, sa20 | 5380 | 5380 | so0 | siso | s210 | sos3e 431 45
Ti0, - 0,06 0,03 0,14 - - - Ti0, - - - Q.30 090 100 .80 12 12
ALO, 2924 29,04 28,73 23,68 2641 32.10 3220 ALO, 150 170 140 3,10 340 250 3.90 26 26
€10, - - 0,05 - - - - Fe0* 4,80 5,10 410 | 1580 | 1500 | 1620 | 1500 | 138 253
F=0% - 188 142 1,86 0,20 0.60 0,80 MnO - - - - - - - - -
MaQ - - - - - - - M0 130 | 2050 | 1820 | 1ne0 | 1320 | 1350 | e20 | 151 9,8
Mg0 - 076 2,78 - - - - a0 2090 | 2090 | 2130 | 1300 | 1340 | 1470 | 1s00 | 188 11,7
Ca0 1245 1422 1344 | 726 1040 | 1680 1650 N0 - - - 0,30 030 | 030 - - 0,5
Na,0 432 345 2,89 5,54 5,80 230 2,10 KO0 - - - 020 0,10 0,30 - 01 -
K0 - - - - 0,20 -
total 101,58 10228 102,50 | 9882 8871 | 10160 10080 total 10050 | 10180 | 9940 | 950 | 10380 | 10160 | ss.20 | 100,70 | 10010
NUMBER OF IONS ON THE BASIS OF 32(0) NUMBER OF IONS ON THE BASIS OF 6(0)
cations atoms | atoms | atoms | atoms | atoms | atoms | atoms cations stoms | atoms | atoms | atoms | atoms | atoms | atoms | atoms | atoms
B 5,381 5463 5430 | 10853 10,188 | 8579 8857 si 1945 | 1810 | 1864 | 1810 | 1,878 | 1833 | 1841 | 183 | 1318
T - 0,008 - 0,019 - - - T - - - 0.023 | 0024 | 0029 | o022 | 0032 | 0035
At 6,088 6,141 6,020 5,012 5,680 6 844 6508 At 0,080 0.072 0,062 0,138 0,147 0,123 0178 0,113 0118
o - - 0,010 - - - - Fei™ 0023 | o1es | o011 | oe2s | o072 | o030 - 0188 | 0,016
Fei- - - - - - Fei~ 0120 | 0043 | 0114 | 0474 | 0386 | 0474 | 0485 | 0239 | 0811
Fe- - 0287  01%0 | 0251 0024 | 0084 0131 Ma - - - - - - - -
Ma - - - - - - Mz 1,025 | 1075 | ogs1 | oss6 0746 | 0586 | 0838 | 057
Mg - 0203 0,740 - - - ca 0,506 | 0,783 | 0858 | 0737 0,584 | 0,787 | 0,751 | 0482
[ 2364 2,734 2360 | 1387 2041 | 3285 32 Na - - - 0067 | 0001 | 0001 | 004
Na 1,480 1,200 1,030 1928 2,073 0,800 0,733 K - - - 0,012 0,001 0,006 -
K - - - - - 0,053 - totals 4000 | 4001 | 4000 2000 | 4001 | 3899 | <000
compositiom (mol %) En Mz 52480 | 562 50,490 | 35160 | 38500 | 41,330 | 31,540 | 45350 | 30,430
b 38,436 30,508 28,103 | 37,999 Fs Fe 6130 | 2,240 | 5820 [ 25330 | 20750 | 26280 | 26,080 | 14,000 | 43,280
An 61504 69490 71297 | 42,001 We Ca 41340 | 41400 | 43,800 | 30470 [ 40710 | 32390 | 42.370 | 40.650 | 25230
Or - - - - #all Fe a3 F20, - = below datection limit
Totals 15813 20,050 15980 18461
TiAL 15968 15610 15450 15,863
TeCetfeMoMer 500y 4aa0 £330 3.5%
[

#all Fz as Fe0, - = below detaction limit

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

ITw. 1. AVvTpocomenTIkég ynkég avolvoelg TAaytokidotav (A) ko topoé&ivav (B) pillow
AaPdv Tov ATAKIOL (Yo TO GOVOAO TV YNUIKOV aveivcemv PAEre Avtidayn 2014).

The metallic minerals are Fe, Fe—Ti and Ti
oxides; specifically magnetite, ilmenite
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
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Lavas. Lath-shaped plagioclase crystals
intersect 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 and celadonite
fills cracks and amygdules.
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Celadonite, clay minerals, calcite,
analcime and quartz are the main “low
temperature regional scale alteration”
minerals of Apliki Lower Pillow Lavas,
occurring within amygdules or dispersed
within the matrix.

Celadonite, which is the predominant
secondary mineral in the pillow lavas,
usually replaces clinopyroxenes (Fig. 6.),
with replacement commonly starting, most
of the time, from the periphery of the
crystals and proceeding to the core.
Celadonite is accompanied by clay
minerals, either within amygdules, as is
shown in Fig.7B., or filling cavities
between clinopyroxene crystals.

Clay minerals occur as replacements of
plagioclase, clinopyroxenes and volcanic

Fig. 5. Petrographic features of unmineralized Apliki pillow lavas. Lath—shaped plagioclase

In addition, they are the predominant
fracture— and  vug-filling  phases.
Identification of clay minerals was based
on combined XRD and microprobe
analyses (Table 2.). Clay minerals
identified in Apliki Pillow Lavas occur as
a mixed aggregate of celadonite—
glauconite-saponite and rarely as pure
phases. Due to their nature their
mineralogical identification is very
difficult.  Therefore their  chemical
compositions cannot be considered as
reliable (Antivachis, 2014). Thus, taking
into account their nature, they may be
classified into four different mineral
groups  i.e.  saponite, nontronite,
celadonite—glauconite and mixed smectites
group (Table 2.).

¥~

altered glass J
- ’

LA b

crystals intersect 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.

Ew. 5. Tletpoypagikd yapoktmpiotikd tov pillow lofdv tov Amhikiov. Aokideg

TAOYIOKAUOT®V OVALESO OTIC OTOIES CLUVAVTAOVTOL TEPIGGOTEPO 1 AlYOTEPO €EUAAOIOUEVOL

KPOOTOAAOL KAVOTTUPOEEV@Y. APYIAIKA OPLKTE Kol GEANSOVITIG OVOTTUGGOVTOL MG OPVKTA

TApwong tng BepelMmoovg pdlog eite viog dlokEVV, ite VIO OPLKTAULYIIA®Y.

Saponite is characterized by high wt. %
MgO and FeO, while the content of KO
does not exceed 1%; it has also been
identified within amygdules together with
celadonite—glauconite and mixed smectites
(Fig. 7B). Nontronite occurs only as a
fracture— or  vug-filling  mineral.
Celadonite and glauconite form fibrous

crystals. Glauconite is typically of bright
yellow—green colour and fills small veins
and gaps, while celadonite is of blue—
green colour. Lastly, mixed smectites are
characterized by relatively low iron
content and constitute a mixture of
beidellite—montmorillonite  (dioctehedral

13
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smectites) and  montmorillonite—illite Zeolites are deposited within cavities and
(Fig.7A.). amygdules and rarely as small veins
Calcite occurs as large crystals between replacing plagioclase.

lath—shaped plagioclase.

’ :

pillow lavas. aped plagioclase,
clinopyroxene and clay minerals. B. Clinopyroxene crystals replaced by green clay minerals
(celadonite).

Ew.6. Mikpopmtoypagieg Aafmdv (A) ta Tp@Toyev) 0puKTa, TAAYIOKAAGTO Kot TUPOEEVOL LIE
nopovcio cehadovitn kot (B) Aemtopépeln omv omoion @aivetor 1 OVTIKATAGTOGT TOL
KAwvomupo&evov and oeladovitn (PPL).

int it ol

el 3}”!’ N
213 200/,

motsilt_ "5

N soie
ot X s
.

onng 4wlit

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.

Ew.7. Mipoowtoypagieg MAEKTPOVIKOD  MIKpOoKOTiov  odpoong  Aofav  (A)

QALVOKPVGTOALOL TANYIOKAAGTOV Kol TUPOEEVOV LE TNV TOPOLGIO APYIMK®Y 0puKT®V, (B)
OVATTUEN OPYIAKDY OPUKTAOV EVTIOG OPUKTAUVYOAAMY.
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saponite nontronite celadonite glau conite beidel!.it& . o Dmntﬂ '.ﬂlmﬁt&
montmorillonite illite
oxide wtlo wilo wilo witld wild witld witlo wi % wild wi %0
8i0; 42,62 4207 42,86 40,03 i0.M 5107 30.81 49,63 60,39 49,69
Ti0, 0,035 - 0.01 0.33 0.02 0,03 0.15 0,13 0.38 0,16
AbO; 892 1080 9,06 531 382 390 6,69 7.96 2131 17.83
Cry0; - 0,01 - 0,02 0,02 - - 0,01 - 0,02
FeO* 18.40 20,06 20,52 3428 21,77 27.93 2711 24.77 443 7.98
MnO - 0.38 0.26 245 023 011 0,18 0,21 0.01 0,07
Mg0 12.68 1340 14,89 2,90 3N 3,73 297 3,54 1.66 5.80
Cal0 209 2,16 199 152 0.78 023 121 1.79 1.4 4,97
Nay0 007 0,08 0,06 0.03 0,00 0,04 0.07 0,13 5.0 3.43
K20 1.03 0,209 0437 391 6.33 6,33 6,033 43883 1.03 0459
total 83,83 80.17 00,08 21,71 93 .60 9423 09585 93.07 08,30 9042
22(0) 2000) 2000) 20009 20(0) 200
cations atoms atoms atoms atoms atoms atoms atoms atoms atoms atomms
Si 6,780 6,480 6338 6254 7132 7129 6,920 6,850 6.90 6392
Ti 0,010 0.001 0,038 0,003 0,003 0,016 0,016 0.03 0,015
Al 1670 1,961 1633 0954 0,634 0642 1.075 1204 287 2703
Cr - 0,001 - 0,002 0,002 - - 0,001 0,002
Fe® 2430 2,384 2626 4373 3,266 3263 3.161 2,839 043 0.858
Mn - 0,050 0,034 0.316 0,027 0013 0,021 0,023 0.00 0.008
Mg 3,010 3.076 3393 0.659 0,779 0,781 0.603 0,729 028 1112
Ca 0360 0,337 0326 0,248 0,118 0,127 0177 0264 049 0.685
Na 0,020 0,023 0018 0,008 - 0.009 0,019 0,033 1.11 0.856
K 0210 0,041 0,085 0.761 1,175 1,166 1,053 0,260 0.13 0,075
Totals 14,493 14372 14.676 13,613 13,133 13,134 13,034 12,933 12,267 12,706
Si+Al 8.000 3.000 2.000 2.000 7,766 7771 2,000 2,145 3,000 8,000
AWTHFe ™ +Mz-Mn 5910 6,149 6246 3.350 4,072 4057 3,789 3,738 251 3072
remaining elements 0,536 0471 0462 1.333 1,321 1316 1270 1,183 1,738 1624

* 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).

IMw. 2. AVTIPOCOTEVTIKEG MIKPOAVAADGES OPYIMKOV opvktdv tov Pillow Aofdv Tov

Amhkiov (Yo To cHVOLO TV YMUIKOV avalvoemv BAEre AvtiBdyn 2014).

The main zeolite identified in the basaltic
pillow lavas of the region is analcime, 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—parallel
faults.
In the mineralized zone the following
facies have been identified:
(@) A stockwork zone
(b) Veins of amorphous silica (silica
zone)
(c) Massive veins of gypsum
(d) Oxidized wvein of massive
mineralization (“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 gypsum, oxidized vein of
massive mineralization and oxidation
zone. Additionally, in the central part of
the mineralized zone, the drill hole AM 9
is identified.

The stockwork zone constitutes a complex
network of quartz and jasper veins hosted
within the brecciated pillow lavas (Fig. 8.)
which are probably the result of explosive
hydrothermal activity within the fault zone
(Lydon and Galley, 1986).
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Oxidation zone __-""'/7'
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AMO drill hole ey [ A 4
W Oxidized vein of massive P ™ A
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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.

Ew. 8. Zynuotwkn topn tov Popeiov TUNHATOG TOL KOTAGUATOG Tov ATTAKIOL, GTNV OOl
amekovifovton to. TePPAAAOVTO TETPMUOTO, 1 LETAALOPOPOG Lmdvn ToToV stockwork, n {dvn

apopeov mopttiov, ot cupmayeic AEREG YOwou ko 1 {dvn o&eidwong.

Brecciation is more pronounced in the
upper parts of the mineralized zone, with
the pillow structure to a large extent
destroyed, and comprise  rounded
fragments of lava welded 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 oxides
and quartz.

Chlorite is the predominant mineral
amongst the non—metallic minerals which
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has been formed from the hydrothermal
alteration of  clinopyroxene  and/or
volcanic glass. Its chemical composition
ranges from ripidolite to pycnochlorite
(Table 3A.). The mineral often fills
fractures in pyrite.

Clay minerals occur within the chloritized
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 plagioclase
(labradorite-bytownite) led to the
formation of pure albite. Oligoclase is
rare.
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A cHorite B beidelite kaocknite-smectite bﬂdﬂfe_ . chionite-smectite kadinte
oxide witdo wide wile wild oxide wide witdo wilo witle wtdo
$10; 2053 2609 2655 2712 510, 37.87 46,08 4300 3909 48,30
Ti0: 003 002 0,05 0,02 TiO: 0n - 0,02 0,02 002
ALO: 20,92 20,68 2184 2086 ALO: 27,4 3231 3601 33,19 36,05
Cr:0: 0,05 003 0,04 0,02 Cr:03 002 0,01 0,01 - 001
FeO 17.38 16,65 1958 2145 FeO 121 058 0,58 3,55 058
MO 026 014 0,03 0,16 MO - 0.01 0,02 0,01 0,02
Mz0 19.85 1887 1744 1692 M=O 1.89 1.79 041 3,56 122
Ca0 0,16 015 0,06 0,09 Ca0 294 347 418 2,68 363
Na:0 - - 0,03 0,01 Na:0 097 114 1,92 1,26 154
K:0 001 - - 0,04 E0 034 043 0.26 0,14 029
total 88,19 8263 8592 8667 total 2.9 8622 8641 8349 91.65
28(0) W0 20{0) 20{0) 2000) 13(0)

cations atoms atoms atoms atans cations atoms atoms atoms atoms atoms
Si 5878 5571 5323 5642 S 5,730 5838 5466 5234 5,168
Ti 0,005 0,004 0,008 0,003 Ti 0,001 - 0,002 0,002 0,002
Al 4909 5203 5336 3116 Al 4,83 4824 3396 3239 4,545
Cr 0,007 0,003 0,006 0,003 Cr 0,003 0,001 0001 - 0,001
Fe* 2893 2973 3459 3,732 et 0,154 0,104 0,061 0,398 0,052
Mn 0,043 0,025 0,006 0,027 Mn - 0,001 0,002 0001 0,002
Mg 5891 6,006 5408 5246 Mg 0.428 0337 0078 0711 0,194
Ca 0,033 0033 0014 0,019 Ca 0478 0471 0569 0383 0416
Na - - 0012 0,003 Na 0,285 0281 0474 0326 0319
K 0,002 - - 0011 K 0,065 0,069 0042 0023 0,039

Totals 19561 19820 19795 19.802

Totals 12003 11923 12,81 12,319 10737

* all Fe as FeO, - below detection kmit

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

M. 3. AvTIpocOTEVTIKES KPOoavaADoELg yAwpitn (A) kot apyikdv opuktdv (B) tov
VOpobepkd eEodotwpévav Aapmv Tomov breccia tov Amhikiov (Yo To GOVOLO TV YNUIKOY
avarboewv PAEme Avtifayn 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 (chlorite,
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 images
of hydrothermally chloritized lavas (Fig.
9.). The petrographic examination of
samples indicates a mineral deposition
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
geochemical study of 66 samples,

covering 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 transition
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 spatially
classified into three subzones of increasing
intensity from the periphery to the core of
the stockwork zone (hydrothermal
alteration zonation) (Fig. 10.). These are:
(1) Smectitic, involving montmorillonite
and illite, with limited presence of
chlorite. This subzone can hardly be
distinguished from the Lower Pillow
Lavas.

(2) Chloritic — smectitic, with stronger
presence of chlorite as a replacement of
pyroxenes.
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(3) Chloritic, in which chlorite is the
dominant mineral, with magmatic minerals
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 gypsum
develop in a N-S orientation and occur in
the western part of the mineralized zone
(Fig. 8.). The main associates of the
amorphous silica zone are kaolinite and
Na—, Na-Mg and Mg-sulphates.

Additionally, an oxidized vein of massive
mineralization occurs in the northwest and
southwest part of the mineralized 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 exceeding 30
meters) with the formation of hematite 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 presence of smectites. The quartz is replaced by the smectite as indicated by the

corroded outlines.

Ew.9. Mwkpogpotoypapicc BSE vdpobeppikd EaAroipévov yAopitiiopévoy Aofov Le

£VTOVI TNV TOPOVGI0 GUEKTITMOV.

4.3 Jasper

Jasper is widely present in the brecciated
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, together with
minor amounts of clays and carbonate. All
samples of jasper contain sulphide

18

minerals, predominantly pyrite with minor
sphalerite  and  chalcopyrite.  Jasper
displays a variety of macroscopic textures
that range from massive, laminated to
brecciated. It is characterized by dense
aphanitic texture that reflects 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
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ranging from dark red to orange, probably
due to variations in iron content or the
nature of the iron mineral (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

allotriomorphic. Porous and cataclastic
texture is common.

Pyrite is universally present in the form of
veins  or  disseminations in  the
hydrothermally altered host rocks. Its
crystals do not exceed 0.5 mm. The
mineral frequently contains numerous
inclusions or growths of chalcopyrite,
sphalerite, pyrrhotite, cubanite and Fe-Ti
oxides, whereas inclusions of talnakhite,
haycockite and fukuchilite are rarely
observed.

A lower pillow lavas

= subzone of smectites

””””” subzone of chlorite-smectites

subzone of chlorite

weak silicification

— oxidation zone

stockwork zone

weak silicification

subzone of chlorite

tites

subzone of chlorite-smec

Fig. 10. Schematic cross—section of the Apliki massive sulphide orebody and associated
stockwork, showing the zonation of hydrothermal alteration.

Ew. 10. Zynuoatikny toun tov vrmoloveov vdpobepuikng eéolioimong tov Aafdv TOTOL

breccia g petarro@opov {dvng tov Amikiov.
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A " . -
f = ; e o
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.

A

Ew. 11. (A) Aatvromoyoetdng AdPeg tomov breccia and to Popeio Tuiue. e HETAALOPOPOL
Covng xar (B) Epgavioeig pikpoeAepidinv ioomt mov datpéyovv Tig Adfeg tomov 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).

Ew. 12. Mikpogotoypapicg BSE kpvotdrimv cidnpomupitn (pY) kot yorkomvpit (ccp). Ta
K0P OPLKTOAOYIKG GLUGTATIKG TOL TLHGVUTOYOVG £MG OLACTOPTOL HETOAAEDUATOS GTO

Amhikt: (o) odpguon ownporvpitn (py)—yarkonvpitn (ccp), (B) ocwdnpomvpitmg (PY) eépet
gykieiopato yorkomvpitn(ccp) kot (y) aviKatdotaon NG MEPLPEPELNG TOV YOAKOTLPITH

(ccp) amd koPerivn (cov).

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

Microanalyses of pyrite reveal that copper
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 abundant
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 exhibits either a
close paragenetic relationship with pyrite
or contains inclusions of sphalerite,
talnakhite, idaite and rarely mooihoekite
within its matrix. Replacement 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. % respectively. Zinc content

exceeds 0.6 wt. % in semi—massive ore
samples contrary to the disseminated ones
whose respective 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 copper.
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
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42 to 19.2 wt. % FeS) follows the
prevailing trend of Cyprus-type ore
deposits e.g. Mathiatis, Mousoulos and
South Mathiatis (Hannington 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 os, temperature and/or pressure (Barton
etal., 1977; Einaudi et al., 2003).

Goethite, hematite, chalcocite, covellite
and Fe—, Cu—, Pb—, Al- and Ca-sulphates
were formed in the  supergene
environment.

The remaining Apliki semi-massive to
disseminated sulphide ore is characterized
by sulphur and copper content ranging

minerals, a fact which is depicted in the
copper, iron and sulfur 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 SiO;
content is particularly high (from 33 to 69
wt. %) throughout the mineralized zone
and is closely related to the quartz and
jasper veining 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 distribution
of major elements, in both the northern
and southern wall of mineralized zone,
mapping and geographic analysis MaplInfo
11.0 software and Vertical Mapper, with

between 0.1 to 16 wt. % and 0.01 to 3.5 interpolation natural neighbor method
wt. % respectively. Pyrite, chalcopyrite were used.
and marcasite are the predominant
Cyprus e D{. Ag (ppm) As (ppm) Au(pb) Cd (ppm) Co(ppm) Cu (%) Fe(®:) Ni(ppm) Pbippm) S (%) Se (ppm) Sbippm) Za (%) references
minersiztion
Skouriotissa | massive sulphide 3 74 500 359 278 454 20 <100 296 3 002
Mavrovouni | massive sulphide 170 1050 410 360 392 330 0.8
MNathafis | massive sulphide 4 160 300 p- 34 017 395 33 97 48 20 11 0.3
e SR | WASSTE suldhide | 10 631 1009 2 20 L2 24 <10, 24 36. 26 20 12
Aprokiga | massive sulphide 1 201 133 1 190 007 40 <10 30 469 144 3 003
Agrolipi B stockwork <5 694 160 14 133 0,04 455 36 - 19 7 - 0,05
Agld stockwork 0,2 18,6 60 11,8 83 0,6 13,6 58 98 36 109 01 0,03
Aphi semimassive 0.5 51 510 29 99 2.1 18.3 55 10 103 31 1 0,03
TAG MOUND mgi;m Ag (pom) As (pam) Au (peb) Cd (gpm) Co(gpm) Cu (%)  Fe (%) Nifppm) Pb(ppm) S (%) Se(ppm) Sblppm) Za(%)
TAGMOUND| stockwork =1 33 214 3 285 19 286 <10 6 366 17 =1 0,1
Alvin samples | massive sulphide 37 99 1430 0 238 46 327 29 480 40,7 11 o 33
Oman m‘ﬁi;{m Ag (ppm) As (ppm) Au(ppb) Cd (ppm) Co(ppm) Cu(%)  Fe (%) Ni(ppm) Pbippm) S (%) Se(ppm) Sb(ppm) Za (%)
Lassail massive sulphide 8 233 375 471 73 25 - 003
Ralkah massive sulphide 25 3100 236 11 437 80 43 199 1.2
Aarja massive sulphide 13 280 185 80 58 268 45 145 - 0.05
Ralah stockmork 2 245 - - 130 =15 21,7 110 27 - - 5 029
Bayda stockwork - 50 - - 130 265 325 i3 61 - - - 0,29
Al Ajal stockork <1 36 - - 180 097 17.8 117 10 - - <5 0.07
Hayal-as- §afl]  stockwork =1 11 - - 62 0,34 9.4 149 8 - - <5 0,02 | Lescuyer atal (1939

* ths concentrations ara the sveram valuas sccording o the raspactive suthors

Table 4. Ore grade of selected ophiolite-hosted massive sulphide deposits in Cyprus, TAG (Trans—
Atlantic Geotraverse) and Oman.
Miv. 4. Xnuopog PeTOALeOUATOG EMAEYUEVOV KOITAGHATOV 0o (o) To 0QlOAMBIKO GOUTAEYUA TOV
Tpoddovg, (B) Tnv pecomkedvio. pdyn tov Athavtikod Qkeavov (Trans—Atlantic Geotraverse) kot (y)

70 0QloMOKO cOuTAEya TOV OUdy.
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The spatial distribution (Fig. 13A.) of iron,
sulphur and zinc in the stockwork zone in
the northern part of the opencut is almost
identical with those of copper. The highest
copper content which reaches 3.5 wt. %, is
found in semi—-massive 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 copper 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
ophiolite. Similar mineralogical
assemblages of secondary minerals and
phyllosilicates (clay minerals and micas),
zeolites, calcite and quartz to those
occurring 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 nontronite, is
in agreement with the findings of workers
on Troodos (Gallahan and Duncan, 1994;
Kelman, 1999).The secondary minerals
identified at Apliki, according to Alt and
Honnorez (1984), Alt et al. (1986) and

Gillis and Robinson (1988; 1990),
constitute a low—temperature regional
scale  alteration  assemblage  with

phyllosilicates being typically the most
abundant, depending on local conditions.

Apliki represents typical Cyprus type ore
deposit and constitutes an example of
structurally controlled stockwork type
mineralization. It is inferred from the
nature of the remaining mineralization at
Apliki, that both the massive sulphide
zone as well as the richer part of the
stockwork zone have been removed by
previous mining. As the massive sulphide
zone has been removed, the bulk of the
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examined mineralization comprises the
associated stockwork zone. This s
characterized by pyrite and chalcopyrite,
with subordinate marcasite and sphalerite
as the main ore minerals within the
brecciated Pillow Lavas whose dominant
alteration is chloritization.

Chlorites from Apliki stockwork zone-
with a ratio of Fe/ (Fe + Mg) ranging 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 consistent with
the ones of TAG (Trans—Atlantic
Geotraverse), Galapagos Rift and EPR
13°N (Alt et al., 1999; Alt, 1999).

At Apliki, jasper crosscuts the brecciated
lavas throughout the stockwork zone. It is
common in the stockwork zone of

(Hannington et al.,, 1998) and it is
generally accepted to be the result of low—
temperature hydrothermal activity
interacting with seawater associated with
existing fault zones (Duhig et al., 1992a;
Hannington et al., 1998; Grenne and
Slack, 2003a).

The ore chemistry and its spatial
distribution 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 demonstrates that (a)
the western fault was the major controlling
structure through which, as the major
channelway, the high—temperature fluids
moved upwards and (b) the eastern fault
represents the gradational passage into the

Cyprus—type massive sulphides unaltered Lower Pillow Lavas.
Fe/(FetMg)
0 0.2 0.5 0.8 1.0
4.0
TAG, Galapagos,
EPR 13°N
5.0 / N

Sheridanite

5.6 |
Si

\Dapmit:\

6.2

8.0

Clinochlor®

Penninite

Urals

8 HA o N
,,,,,,, . Br"}msvigilc

@ Sea Floor alteration ( Hole 504B), Eastern Pacific Ocean (Altet al. 1996)
® Hydrothermal (stockwork) chlorites, Oman (A’ Shaikh et al. 2006)
W Apliki stockwork (current study)

Hydrothermal (stockwork) chlorites, Iberian Belt (Sanchez Espafiaet al. 2000)

=#Hydrothermal (stockwork) chlorites, Urals (Nimis et al.2004)
‘. " Hydrothermal upflow zones, TAG, Galapagos, EPR 13°N (Altet al. 1996, Alt 1999)

0 24

6 9.6 12
Fegotal

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

1954).

Ew.14. Awypoppo ta&vopnone yroprtov tov Aafav tomov breccia g petaAlopdpov
{ovng Amlkiov pe avtiotoyyoug ond (Oveg TPOMLAMTIOONG GAA®V HETOAAOPOPOV
Kortaoudtmv tomov Kompov (arnd Hey, 1954).

A comparison of the remaining part of the
Apliki orebody—after the exploitation—with
other VHMS deposits, like TAG Mount
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(Hannington et al., 1998), Oman (Rakah,
Bayda, Al Ajal Hayal-As-Safil; Lescuyer
et al., 1988; Ixer et al., 1984; 1986), and
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other Cyprus-type deposits from Cyprus
(e.g. Agrokipia B; Constantinou and
Govett, 1973; Herzig, 1988; Hannington et
al., 1998), demonstrates that it is typified
by low concentration of all the elements
with the exception 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. Mathiatis 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
development of the gangue and ore
mineral assemblages occurring in the
oxidation 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
insufficient available pyrite for the
production  of low-pH  supergene
solutions, which could lead to the
formation of an extensive oxidation zone.
The mineralogical constituents of the
zone, iron oxides and hydroxides with
cuprite as the predominant copper oxide,
demonstrate neutral to alkaline pH
weathering  environment  conditions.
Copper in such an environment is
relatively immobile. Due to the fact that
copper grades in the Apliki oxidation zone
are essentially the same as those in the
hypogene protolith, it is surmised that the
Apliki deposit constitutes a non-typical
case with in situ oxidation of sulphide ore
and limited copper transport. Similar cases
have been recorded in Chile, Panama,
Mexico and India (Williams et al., 1999;
William,  2000) illustrating  similar
physicochemical conditions to those
prevailing at Apliki.
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