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ABSTRACT

A complex Late Cretaceuvus suture zone between two distinct geological terranes
is preserved in southern Cyprus in a series of erosional windows through Tertiary-Recent
cover sediments The two terranes are the Mamonia and Troodos Complexes. and the
suture zone contains evidence of two major contractional tectonic events - primary north-
northeast- and secondary west-souhwest-directed thrusting Delamination of the
Mamonia Complex during juxtaposition against the Troodos Complex resulted in
Mamonia rocks being thrusi beneath and over the Troodos Complex. Later west-
southwest-directed back-thrusting iesulted in imbrication of the Troodos Complex and
also Mamonia rocks being thrust over Troodos rocks (Malpas et al., 1993). The
serpentinite sheet containing magnesite mineralisation was tectonically emplaced from east
to west over sheeted diabase dykes and lower- and upper pillow lavas during this latter
contractional tectonic episode.

Magnesite deposits are found in a large sheet of serpentinised harzburgite in the
Akamas Peninsula and trend north-south along a Skm line adjacent to Tertiary limestone
cover. The largest magnesite occurrence, the Magnisia mine, cxhibits many clues to
magnesite vein genesis prior to, and during, the tectonic emplacement of the serpentinite.
Scveral temporally and spatially related generations of magnesite are identified. The
magnesite deposits contain two distinct styles of mineralisation within the serpentinite, and
have been divided into Zones i1 and Il. Zone 1 encompasses veins and stockwork
magnesite and Zone Il contains nodular magnesite. Antitaxial magnesite veins have

mincralised serpentinite along planes of weakness, encapsulating serpentinite fragments

and exhibiting classic features associated with vein minerals formed in active shear zoues,

i.¢. well developed median lines in veins, comb textures, brecciated veins recemented by

turther mineralisation and spalled wallrock lying parallel to the edges of vein walls. These




veins are interpreted as having formed during emplacement ot the serpentinite, and define

the main phase of magnesite mineralisation. The magnesite veins and stockworks detine
Zone 1 style mineralisation. Voids within these magnesite veins have subsequentiv been
filled by epigenetic calcite and dolomite. probably derived from solutions passing through
the limestone cover above the deposits. A later generation of magnesite s present within
sheared serpentinite above the veins and stockworks This carbonate s present as a
replacement style of mincralisation with magnesite nodules prominent in a sheared,
carbonatised serpentinite matrix. This magnesite defines mineralisation ot the Zone H tvpe

Petrographic examination and chemical analyses of magnesite and associated
lithologies provides further clues to mag: .+~ e genesis in the Akamas arca Stable tsotope
analyses of magnesite, calcite and dolomite show two distinct populations of magnesite
with a singular source of carbon, one precipitated around 165°C (veins and stockworks)
and the other around 40°C (nodular magnesitc). Calcite and dolomite from overlying Karst
sediments lie in an isotopic field comparable with typical marine carbonates Trace clement
analyses of magnesite, calcite, dolomite, serpentinite and organic-rch sandstone samples
indicate calcite, dolomite and serpentinite to be unlikely sources of carbon present within
the magnesite. From isotope and trace element data, the source ot carbon within the
magnesite is likely decarboxylation of crganic material.

A suggested model for magnesite formation would be as follows. Magnesite veins
were formed during the initial disruption of the serpentinite, probably tnitiated by the
production of CO, upon decarboxylation of organic-rich sediments underthrust bencath
the serpentinite. The earliest magnesite veins were then brecciated by continued
compressional tectonism and cemented by further cryptocrystalline magnesite

precipitat.on. The serpentinite (including magnesite veins and stockworks) was eventually

emplaced westward over gabbro and sheeted diabase dykes tesulting in the formation of a
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prominent ¢-s shear fabric present at the base of the serpentinite. Thrusting also resulted in
the formation of an intra-serpentinite shear zone which was mineralised by nodular
magnesite, defining a later generation ot magnesite formation. No magnesite veins are
present in this shear zone Isotope data suggest a similar source of carbon for both veins
and nodules but veins were precipitated at elevated temperatures, while noduiles were
formed at lower temperatures. The magnesite nodules are most likely a result of
remobilisation of vein material followed by precipitation as nodules in the overlying shear
zone

Recent precipitates of magnesite and doloniite around 1he study area may be the

N continuance of magnesite mineralisation.
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1.0 INTRODUCTION
1.1 Introduction

The aim of this study is to use field obsenations and geochemical means to obtawm
as detailed a picture as possible of magnesite minerahsation within serpentinites ot the
Akamas Peninsula. northwest Cyprus (Figures 1 1 and 1 2) Carbonate genesis, structural
setting and timing of mineralisation are addressed as the main points of interest

On a global scale. porcetlaneous crvpiocrvstalline vein and stockwork magnesite
(MgCO0O3) occurs in several geological environments including sabkha. lagoon and conal
reet settings, but is most frequently associated with matic and ultramatic portions of
ophiolite complexes found within orogenic zones (Pohl. 1989 Notable deposits are
located along Tethyan micro-plate boundaries in countries such as Serbia, Bosnia, Greee,
Turkev and Oman within wholly or almost completely serpentimsed parts of” ophiohie
suites (Figure 1.1).

There are tour main classifications ot magnesite deposit (Pohl. 1989)  These are 1)
Bela-Stena, 1) Grener, ti1) Veitsch and iv) Kraubath tvpe depostts (Fable 11)
1) Bela-Stena Type (Hich 1968)

Magnesite may be found in freshwater lacustrine sediments nearby. or overlving,
ultramafic rocks. Its concentration is usually the result of surface weathering and

deposition of magnesite-rich sediments derived from magnesite miaeralisation present in

the ultramafic rocks.




) Greiner Type (Redlich, 1909)

These lensoid-shaped deposits are found in metamorphosed uitramafic rocks where
auto-metasomatism results in magncsite formation. The mineralisation tends o contain
nets of siliceous veining associated with the magnesite and is usually restricted to
weathering zones toward the surface of the serpentinite.

i) Veitsch Type (Rediich. 1909)

Veitsch Type deposits are found within lavered lacustrine and lagoonal sediments.
Such magnesite deposits tend to exhibit lesser degrees of mineralogical purity than their
vein and stockwork counterparts in ultramafic complexes due to marine-derived
contaminants such as porcellaneous silica ard traces of boron (Pohl. 1989) This
stratabound magnesite occurs as euhedral crvstals and may be tibrous or sparry

v) Kraubath Type (Redlich, 1909)

These magnesite deposits form at low temperatures at shallow crustal levels in

mafic and ultramafic complexes and are made up of veins and stockworks which are
usuallv associated with fractured and faulted serpentinite. The deposits usually exhibit
large vemns which grade into stockworks near the top of the mineralisation.
Akamas Deposit Classification

Maunesite deposits (containing minor calcite, dolomite, siderite and amorphous
silica) in the Akamas area of northwestern Cyvprus are associated with ultramafic
lithologies (Figure 1.2, Figure 2.4a). They occur in the form of 0.5-1m thick veins at the
base, grading into stockworks at higher levels (Plate 1.1). The deposits torm an arcuate

line in serpentinised harzburgite close to the contact with unconformably overlying




Tertiarv marine limestone. and varv in magnitude trom several hundred to several
thousand tonnes. The aenal extent of cach deposit varies between 230m and 330m
Typically. the mineralisation is located between surtice level and percened depths of no
more than 100m Depth estimates are limited duc to terrain lavout, extensive cover
sediments above the deposits and limited exploratory drilling to depths greater than 1oom
Veins and stockworks infill shear zones and open fractures, and impregnate serpentinite
along planes ot weakness. Other teatures of the magnesite deposits are serpentimite
fragments trapped within the vein magnesite and iron hvdroxide which is ubigquinous and.
in many places, dendritic. The most trequently documented mineral assemblage m this
study 1s calcite, dolomite, magnesite. serpentine (lizardite) and iron hvdroxide. the caleie
and dolomite appearing as epigenetic vein-titl within the magnesite (Hheh and Mahots,
1984) Nodular magnesite is present at the top ot the serpentinite sheet watlun sheared
serpentinite (Plate 1.2)

It is therefore suggested that Akamas magnesite mineralisation shoutd be classitied

as being mainly of the Kraubath-type of deposit. Some features ot the deposits, such as

nodular precipitates in sheared serpentinite, are more consistent with the Gremer type of

magnesite deposits (Redlich, 1909).
Magnesite Genusis

Fluid inclusions withir magnesite often provide a means of estabhshing the
temperature of formation Also, coexisting minerals precipitated in equilibrium wh

mineralising solutions may be present such as talc-magnesite or quartz-magnesite. and

these may also allow calculation of pressure and temperature conditions during mincral




formation (Morteani. 1989: Bone. 1983). In the case of Akamas magnesite. however. the
carbonate is cryptocrystalline and contains no measurable fluid inclusions or co-existing
equilibrium mineral assemblages. Therefore petrographic examination, along with isotope
and trace element data. are the best tools to studv carbonate genesis

Other magnesite deposits are present in southern Cyprus. but are of marginal
ceonorie significance. These deposits are tound in serpentinised dunite in the Amvrou
Church locality (Limassol Forest), aprroximately 40km north of Limassol (Figure 1.2),
and differ in many respects from the tvpical veins and stockworks of the Akamas area.
Amyrou Church magnesite is not crvptocrystailine but is soft. powderv and is less dense.
i ¢ specific gravity of 1 7 as opposed to 2 5 in Akamas samples (llich and Maliotis. 1984)
Industrial Use of Magnesite

Once extracted, usually by opencast or shallow adit methods. the magnesite is
heated, reducing it to periclase (MgO). In this form the mineral mayv be used industrially as
a refractory component during the manufacture of heat-resistant plastics and textiles It is
also utilized as paper-filler. as a supplement to animal foodstutls and in the pharmaceutics
industry. Due to stringent purity requirements magnesite is often produced artificially in
industrial countries using scawater, calcined limestone and dolomite Usually "dressing
methods” are used to reduce quantities of surface-borne impurities. Unfortunately. no such
cleansing methods exist for the removal of contaminants substituting for magnesium ions
within the carbonate structure. It is for this reason that the majority of 'natural magnesite’

used for commercial purposes is obtained from vein and stockwork sources
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1.2 Topography and Exposure in the Study Area

The study area is situated on the western tlank of the north-south trending Polis
graben Elevation ranges from sea level to a height of' 331m  Hills are surrounded by steep
river-cut valleys. some of which are partialiv tilled by sedimentany deposits In the north,
the area is bounded by a coastline from Loutra tis Aphroditis to Fontana Amorosa, with
chtls descending dramatically into the sea atfording several decametres ol excellent
exposure. Up to 10m of limestone unconformably overlie serpentinite. older sedimentan
lithologies and the mineralised zones, providing a karstic cap over approximately 30%a of
the studv area. Good exposure is therefore provided on hillsides, i river vallevs. 1oad
sections and atong the extensive coastal clitt section (Plate 13, Plate 1 )

Solid rock outcrop is common in the arca. but beach and iver-dedived deposits
also occur Cobble beaches are present along most of the coastal section, apart from a tew
small stretches of sand in the northeast of the study area

Vegetation in the area vanes. not surprisinglv, with substrate lithology Over kst
(limestone) topography there are generally siall bushes and shrubs growing in a very
tertile soil which is deep red/brown in colour These bushes and shrubs are usually less
than a metre in height and are not a problem for ficldwork In river valleys and gullies,
however. vegetation tends to be of a dense structure and grows large. has ageressively

protruding thorns. and obscures the better rock outcrops In places enltivated arable fand

also obscures solid rock outcrop, making accessibility ditficult




1.3 Previous Work

As an aid to commercial exploration. it is useful to establish the physical
distribution of ore within any particular deposit. and the geological processes that
operated during magnesite formation This provides a genetic modei and hence an aid in
finding similar deposits elsewhere where comparable geological processes have been
identified. The mode of magnesite tormation has usually been studied almost completely
by geochemical means using major-, trace- element data as well as stable 1sotope analvses
(Moller, 1989 Kralik ¢r «l., 1989) This has been done for many magnesite bodies
worldwide (Greece - Dabitzias, 1980; Turkey - Zedef. 1994, Serbia & Bosnia - Fallick
ceal  1991)

In the Akamas area of northwest Cyprus, the deposit of Magnisia is the largest and
has been the most exploited Early investigations during the period 1923-24 e¢stablished
the size, grade, distribution of ore and possible genetic mechanisms involved in 1ts
formation (Haralambides Mining Company. 1923). Extracted magnesite was used
industrially for its refractive properties It was not until 1960 that the first chemical
analyses were performed on vein carbonates trom the Akamas area. These deposits were
studied in particular as they were considered to be of more economic value than the
carbonate mineralisation in the Limassol Forest area Analysis of magnesite veins from the
Magnisia deposit provided the mineralogy ot the ore (Table 1 2) Results of chemical
analvses were fairly consistent throughout the deposits and are comparable to similar

Kraubath-tvpe magnesite mineralisation elsewhere (Pohl, 1989).




Active extraction of the magnesite ceased in 1979 yntil the period 1982-54, when
investigations were carried out bv the Hellenic Mining Company Lid who re-initiated a
series of exploratory steps including geological mapping. drilling borcholes through
limestone cover into serpentinite around Magnisia, and driving a number of shallow adits
and pits. During this period of studv, the carbonates were further tested for their maor
element compositions. which proved consistent with carlier results (Gass, 19600)  Trace
elements patterns for the magnesite and unmineralised serpentinised harzburgite showed
concentrations of boron and lead within the magnesite which were not detected in the
serpentinite (lIlich and Maliotis, [984) (Table 12) These results, coupled with the
morphology and classification of the deposits, led to the suggestion of a4 possible
hydrothermal source tor the vein and stockwork nuncralisation  'he mines have been in
disuse since 1986.

More recently an aspect previously untouched upon was studied using samiples
taken from the Magnisia mine (Bryvdie ¢r «/., 1993) This study involved prehiminary
isotope analyses of carbonates. Stable isotope carbon and oxygen data tiom samples of
magnesite, calcite and dolomite were obtained. A possible genetic model was produced 1o
explain the geochemical signature of carbonates present This study was however
somewhat rudimentary and proposed only basic indications of potential source reservorrs
of clements present within the magnesite, and possible compositions of mineralising

solutions. It was proposed that mineralising solutions were derived from isotopically

exchanged. circulating meteoric waters during the Cretaceous period (Brydie efal | 1993)




1.4 Present Study

This  study concentrates on two main aspects of the mneralisation. tield
relationships and geochemistry - The distribution of ore within the magnesite deposits.
classificatior: of the various styles of magnesite mineralisation and the orientation of shear
sones and faulted serpentinite has been established by re-mapping the study area The
presence of shallow thrust taults and dip-shp graben-related taults was established during
mapping. and these have been added to update the existing zeological map ot the area
(Maldpas and Xenophontos. 1992) Some thrust khippen of Mamonia sediments have alio
been added to thes existing map, which aid in the overall interpretation of structure in the
area (see Figures 2 4ab.c) Observations of dip-slip fault traces. and meuasurement of
thichness ot himestone around  the  serpentnite-imestone  contact  resulted in the
construction ot a block diagram showing how graben-related faulting has affected the
study aea (Figure 2°5)

Depth-down-hole data from three cores. supplied by the Hellenic Mining Co Lid..
were correlated with deposit-scale surtace geologv to extrapolate the mineralisation
bencath the limestone cover sedunents Detailed field observations include shear zone
fabric orientation measurements and orientation data of shear zone structures such as
shckenside ineations (grooves and fibrous minerals), etc.

Samples of magnesite and associated lithologies from the environs of the

magnesite deposits were taken for stable isotope and trace element analyses. Isotope data

provide clues to the provenance ot carbonate ions and source characteristics of

nuncralising solutions (Kralik er af., 1989). while Rare Earth Element distributions and
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other trace element data are useful for determining the source of magnesium within the
magnesite. Magnesium, it is assumed. is obtained directly from the scrpentimite, whle
carbon and oxygen are derived from the mineralising solutions Femperature of canbonate
tormation may be calculated from oxygen isotopic data (Aharon, 1V88)

Within the scope of this project. an attempt has been made 10 provide a viable
genetic model for the muneralisatton. and potentially to clanty some teatures of the local
and to some extent. the regional geology of the Akamas area such as the estent of
Mamonia thrusting and etlects of the Polis Graben taulting This project adds stable
1sotope data (carbon and oxygen) to the existing database tor samples taken systematically
from the variety of styles of magnesite minerabisation present i the Ahamas occuriences
All samples analvsed for their isotopic composition has ¢ also been analysed tor then trace
element composition. Certain lithologies within the study area are organic-nich and may
have contributed carbon to the magnesite  Although it is not possible to isotopically relate
one of these carbon sources to the carbon in the carbonmate, due to unknown isotopic
fractionation within the source organic material. there is the possibility of hinking
carbonate veins with possible organic-containing hthologies by way ot tace clement
couplets or sequences. [ach potential donor of carbon within the area has i distincuve

trace element signature and so it may be possible to idenufy which signature has been

preserved within the magnesite, hence indicating the probable source(s) ot carbon
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Table 1 1 Types of imponant and potentially economic magnesite deposits

Author Kedhich 119499, Bam 1924 HINIRRPLLY) Mt descnptine features Pramples
Descniptive, genetic Genetie Genetie
interpretation
Veitsch Type famestone Endogenie- Sugany o coarse-gramed sparm magnesite Austtia. Braal,
replacement v drothermal/ m thick. nearly monommeratic lenses and Crechosiovahia Tndia,
nielasomatic regular bodies wathin marnine

Kraubath Type

Giremner Tvpe

Serpentmtte alteration Endogenic-hydrothernal
thypogene™) veins

Hela-Stena Type

carbonute/chntic shell sunes. metasomatic
relatons o envelopmg dolomite ver
chatactensue

Ven Bine-grimed. anctoen stalline bone
magnestte 1 vemns and stockwaths withun
dunite and perdotite cor serpentinite)
structural conttol and proxnmits to erosion
stirtace typreal

Fine-gramed banded or massive magnesite
siter assoctated with hvdromagnesite,
huntite. seprolite ete m freshwater Jahes:
comadence with ubtcamatic basement.
Large faudts, and volcamsm

Magnesne or breunnente i talc-carhonate
wesses dernved trom ultramatic rocks.,
usually i aomctamonphne environment

Korea, Manchunia, Spam.
Fasmania, and USSR

Austria. Australia

Caltformia. Greece. Tuthey .,

and USSR

Servia (Greece ). Baskn
thuthevy. and Bela Stena
tYugoshavi

Austiia, Timmims (Ontario,

Canada)




Table 1.2 a) Akamas magnesite major element composition (Gass, 1960), b) Akamas
magnesite major element composition (Ilich and Maliotis, 1984), and c¢) Trace element
composition of Akamas magnesite (Ilich & Maliotis, 1984).

a)
Components (weight %)
Si0, Fe,O5 AlL,O3 CaO MgO CO, TOTAL
Sample 1 0.14 trace trace 2.73 46.07 51.41 100.35
Sample 2 0.24 trace 0.30 3.23 45.10 51.27 97.14
b)
Components (weight %)
SiO, Al,O3 Fe;O53 CaO MgO IGNITION
LOSS
Sample 1 0.65 0.03 0.08 493 15.58 48.73
Sample 2 0.70 0.07 0.16 444 16.23 +48.40
Sample 3 0.82 0.04 0.16 4.48 44.90 19.60
Sample 4 0.33 0.02 0.08 7.89 41.28 50.40
Sample 5 2.49 0.71 0.64 493 42.97 48.26
Sample 6 1.47 0.04 0.32 5.37 43.94 18.86
Sample 7 1.10 0.07 0.10 2.05 46.76 49.92
Sample 8 0.72 0.03 0.10 +4.20 44.23 50.72
¢)

Specimens 1 - 9 :- magnesite, 10 :- dolomite vein within magnesite, 11 :- serpentine within a
magnesite vein, & 12 :- serpentinised harburgite sampled away from mineralisation.
ND :- Not Detected.

SAMPLE # 1 2 3 4 5 6 7 8 9 10 11 12
LEAD (ppm) 25 ND ND ND 15 7 3 3 3 12 3 ND

BORON (ppm) 20 10 10 10 40 10 25 10 10 ND 18 ND










2.0 REGIONAL AND LOCAL GEOLOGY

2.1 Introduction

The geology of southwest Cyprus has been well documented. and was most

recently described by Malpas ¢f al. (1993) Below, the general features are presented first

and then the specific stratigraphy and structure of the study area are discussed
2.2 Regional Stratigraphy of Southwest Cyprus

The geology of the island of Cvprus is dominated by ophiolitic rocks In the
Troodos range, which forms the core of the island rising to a height of 1951m on Mount
Olympus, an intact, complete ophiolite suite is preserved. This ophiolite was produced
above a subducted slab of the Neotethys Ocean in late Cretaceous times  Further
subduction along this zone resulted in the juxtaposition of two distinct geological terranes
derived trom either side of the convergent plate margin (Figure 2 1) In southwest Cyprus,
evidence of this late Mesozaic collision is well preserved in a series of erosional windows
through Tertiary sedimentary cover sequences (Figure 2 2; Figure 1 2).

The two juxtaposed terranes are the Mamonia Complex and the Troodos
Complex Their collision was clearlv along a structurally complicated zone. the tectonic
stvle of which is deminated by a combination of thrust- and strike-slip faults. The northern
margin of the suture zone lies on a line through the villages of Statos and Kannaviou and
the zone extends toward the Limassol area (Figures 2 1, 2.2). Its southern limit is likely
concordant with the main Cyprean Arc, some 40km offshore (Figure 1.1) The suture
zone, as exposed in the erosional windows, is marked by a 60km long arcuate line of

serpentinite bodies lying between the Akamas Peninsula and Petra tou Romiou running




through Akamas. Mavrokolvmbos. Avia Vanvara, and Phasoula These serpentinite bodies
are now mapped as a series of thrust sheets associated in some places with other Froodos
ophiolitic lithologtes such as gabbros, diabase and pillow lavas

2.2.1  Mamonia Complex Rocks in Southwest Cyprus

Rocks of the Mamoma Complex oceur i west and southwest Cyprus, whete thes
are generally covered by a blanket of late Crataceous 10 Quatermay sediments (Fipure
23a) Sporadic outcrops are also present in the southeast and cast of the island. aed
similar rock types are associated with the Baer Bassit ophiolite in Svria (Figure | i) The
Mamonia Complex, a deformed late Triassic 10 mid-Cretaceous volcano-sedimientan
terrane, represents a highly tectonized and collapsed passive margin sequence, which
wormed within Neotethys. The sedimentary rocks from the Mesozowe continental margin
are collectively known as the Ayios Photios Group The volcanic rocks, torming part of
the Dhiarizos Group. are remnants of Upper Triassic volcanism, and are most recentiy
interpreted as old ocean crust with associated seamounts developed along the northern
margin of Gondwana (Malpas ¢/ ul., 1992)

The Avios Photios Group can be further subdivided into the Viambouros, Marona
and Episkopi formations, which comprise a varicty of siliciclastics, calcarcous and
siliceous lutites, arenites and rudites The Dhiarizos Group includes pillow lavas and
volcaniclastic sandstones of the Phasoula and Loutra us Aphrodius formatons. and

carbonates and mudstones of the Petra tou Romiou and Mavrokolymbos lormations

respectively




Metamorphic rocks including psammitic and pelitic schists and amphibolites are
found in association with serpentinites and. in this region, are known as the Avia Vanvara
Formation (Swarbrick and Robertson, 1980; Malpas ¢r al., 1992)

2.2.2 Troodos Complex Rocks in Southwes; Cyprus

In general terms the Troodos Complex comprises a complete ophiolite suite
disposed in a domal structure torming the core of the island of Cvprus However, the
southern portion of the massif, both in the Limassol Forest Complex and further to the
west where the ophiolite is juxtaposed with the Mamonia Complex. does not display a
characteristic ophiolite stratigraphy Rather. a sequence of intercalated lavas and breccias,
not found elsewhere in the Troodos Massit. is here interpreted to have formed in a
transtensional transtorm tault system (Simonian and Gass, 1978, Murton. 1990, Macl.eod.
1990, MacLeod and Murton, 1992). This Southern Troodos Transtorm Fault Zone
(STTEZ) is underlain by a series of ultramafic and gabbroic intrusions that were emplaced
at a shallow crustal level and were. in part. exposed on the seafloor In the eastern part of
the STTEZ, Macl.eod (1990) has recognized oceanic crust produced at an ‘anti-Troodos
ndge’ (the Limassol Forest Complex) and has inferred dextral movement along the
transform which he interprets as a late reactivation of the zone in response to

anticlockwise movement of the Troodos Complex in latest Cretaceous time In contrast to

this, Malpas ef al. (1992) recognize the Limassol Forest Complex as an integral part of the

transform fault zone itself’
Within the Mamonia-Troodos suture zone, the Troodos Complex is represented by

volcanie rocks and serpentinites with only sparse gabbros and diabase dykes. In contrast to




southwestern Cyprus. diabase dvkes are common in the Akamas area The voleame rocks,
and locally the serpentinites. are overlain in places by volcanogenie sandstones and
bentonitic clayvs of the Campanian to Maastrichtian Kannaviou Formation
2.2.3 Post-Collisional Sediments

Locally, notably in the Avia Varvara erosional window (Figure 2 2). rocks of the
upper portion of the Kannaviou Formation are interbedded with sedmentary melange
consisting of' a red mudstone matrix with variably sized clasts (up to 2m) ot voleanic rochs
derived from both the Troodos Complex and the Dhiarizos Group, as well as cherts,
sandstones and recrystallized limestones of” obvious Mamonie Complex provenance
(Malpas ¢t «l. 1993). This depositional sequence can be correlated with the Mo
Melange (Figure 2 3a) that lies in a trough along the southern margin of the STTEZ in the
Limassol Forest (Robertson. 1977). Because the Moni Mclange transgiesses both
terranes. it is the first indication of the proximity of the advancing Mamonia continenial
margin to the Troodos ophiolite

A slightly younger olistostromal unit, the Maastrichtian Kathikas Melange also
seals structural contacts within the Mamonia Comiplex, as well as the tundamental sutne
between the two terranes  This unit consists of variably sized cliusts of Mamonta 1ocks and
rarer blocks of Troodos material arranged chaotically in a red argillaceous mattix N
appears undeformed and is post-orogenic tor the most part ‘The melange passes upwards

into deep water limestones of the Tertiary Letkara Formation, or is directly overlam by

younger units of the cover sequence (Swarbrick and Robertson, 1980)




A sequence of marine carbonates, calcarenites. sandstones, and marls covers much
of southwest Cyprus The carbonates are divided into two main tormations, the Letkara
and Pakhna formations, which have each been subdivided further on the basis of distinct
lithological characteristics (Robertson et al.. 1990)

The Letkara Formation is made up of three deep-water pelagic carbonate units. the
Lower. Middle and Upper Letkara sediments, and the boundary between each unit
appears, trom field relationships. to be diachronous (Gass, 1960) (Figure 2.3b) The
Lower-, Middle- and Upper Letkara Formation sediments are Maastrichuian. Palacocene-
Oligocene and Oligocene tn age. respectively The lower contact of the Letkara Formation
with Mamonia and/or Troodos lithologies is defined by a basal conglomerate containing
rounded clasts of serpentinite, gabbro, diabase. chert and sandstone (Roberston and
Hudson. 1974)

The Pakhna Formation is composed of marls, chalks and calcarenites which, in
most places, conformably overlie Letkara sediments; locally, however, the Pakhna marls
and chalks unconformably overlie the Letkara Formation (Robertson and Hudson, 1974)

Lateral facies vanations are common within the Pakhna Formation The Pakhna sediments

ar¢ thought to have been deposited within a shelf environment, as indicated bv faunal

assemblages and the composition and texture of the limestones and marls (Robertson ¢r
al . 1990).
2.3 General Structure of Southwest Cyprus

Along the suture zone, evidence is preserved of i) an early period of extensional

tectonism which occurred during the tormation of the ophiolitic rocks related to an
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extensional forearc setting adjacent to. or part of. a major transtorm fault zone Walpas o
al., 1993), i) two main consecutive contractional tectonic episodes assoctated with
terrane collision. and iii) a late extensional episode resulting trom the Tertiar uplitt of the
Troodos Massif
i) Early extensional structures

The oldest megascopic structural features are extensional faults which e
restricted to Troodos Complex rocks These taults define narrow, fincar horst and graben
structures, with upthrown blocks occupied by serpentinites and gabbros, and downthrown
blocks by volcanic rocks, sedimentary serpentinite breccias and Kannaviou Fornation
sandstones and clays (with locully interbedded Moni Melangey  These  extensional
structures are best seen where preserved in I'roodos rocks beneath the overthrust
Mamonia Complex. Here, planar rotational and listric faults with steep 1o gentle dips
define a geometrically complex master system which is linked by steep transter faults
Kinematic indicators on fault surfaces and in shear zones show consistently normal sense
dip-slip or oblique-slip (Malpas ¢r al., 1993)
ii) Contractional structures

Evidence of two major contractional events of late Cretaceons age is preserved in
both Troodos and Mamonia rocks as apparently carly north-northwest-directed thiusts
and later backthrusts towards the west and southwest which reoruanized the carly stacking
sequence (Malpas ¢ al, 1993). Distinguishing criteria include small-scale Kinematic

indicators such as slip-plane fibres, ¢-s tabrics, shear bands in toliated rocks cleavage

orientation in mesoscopic shear zones and vergence of minor tolds of bedding as well as




cleavage. all ot which are common features in the lower porticns of the thrust systems
I'he contractional fault svstems clearly post-date the earlv extensional teatures described
abose. which acted as focal points tor thrust ramping, i e struectural relationships show
that basal thrusts in the Mamonia Complex truncate litholegical units and steep
extensional structures in the underlving Troodos Complex The relative timing of the two
thrust svstems 15 not well constrained. although several lines of evidence suggest that the
structures recording north-directed  emplacement are overprinted by the southwest-
directed structures North-directed. steeply inclined inversion structures in pillow lavas
and Kannaviou Formation sediments in the northern graben of the Avia Varvara window
are truncated by serpentinite shear zones at the base ot the south-directed svsiem  Also.,
imbricates ot the Avios Photios  Group in the south-directed  svstems of  the
Mavioholvmbos and Avia Varvara windows displav mesoscopic and macroscopic fold

interterence patterns which indicate that rare north-facing and verging folds are
overprinted by ubiquitous south- or southwest-facing and verging tolds  The resultant

complicated teetono-stratigraphic sequence is best displaved in the eastern part of the Avia

Varvara window  Here. a basal zone of sheared serpentinite entraining blocks of

metamorphic rocks of the Avia Varvara Formation. is overlain by thrust sheets of the

Dhiarizos Group wiech, in turn, are overlain by imbricate thrusts of the Avios Photios
Group A similar stacking sequence emerges from restoration of geological cross sections

within the Mavrokolymbos window (Malpas e al., 1993).




iii) Late extensional structures

The youngest extensional fault system resulted i a number of mapor grabens
formed during Tertiary uplift of the Troodos Massif (Robertson, 1990)  In western
Cyprus. regional extension of this age led to the development the Polis Greben Tlus s
situated  directly west of the Troodos Massit. and bounding normal taults hasve
downthrow : rocks of the suture zone (Mamonia Complex and Troodos Complesy as well
as sedimentary cover. giving the graben an overall topographic reliet of 200m Graben
master taults are oriented north-south, with a series of smaller cast-west transter faudts
{Figures 24, 2 3)
24 Geological Relationships in the Field Area

The tollowing descriptions are based on field mappmg which was catnied out
order to relate the study area to the regional structure and stratigraphy Features such as
Klippen of Mamonia thrust packages. dip-slip faults refated 1o the Polis Graben, and the
orientation of shear zones in the serpentinite body have been added 10 the existng
gcological map (Malpas and Xenophontos, 1992) and are shown in Figure 2 by An cast
west geological cross-section through the arca has also been drawn tFigure 2 ih)
2.4.1 Stratigraphy

Lithologies exposed in the study area include those of the Mamoma Complex,
Troodos Complex and Tertiary cover sediments (Figure 2 3a.b)
2.4.1.1 The Mamonia Complex

Mamonia Complex rocks in the study arca are mostly Avios Photios Group

sediments. Dhiarizos Group rocks are exposed in only one localty, on the northern




coastline Here. the contact between the Avios Photios Group and underlving Dhiarizos
Group rocks s marked by a fine-graimed grey cataclasite along a shallow thrust contact
(Swarbrick. 1980) The basc of the Dhiarizos Group is not seen in the area. For simplicity.
the Ayios Photios and Dhiarizos groups are not differentiated on Figure 2 4a

The Ayios Photios Group (Upper Triassic - Middle Cretaceous)

In the study arca. the Ayios Photios Group crops out along the rorthern coastline
and runs southward for approximately Skm. The western extent of Mamonia rocks occurs
near Piana. and the easternmost occurrence lies near the town ot Androlvkou (see Figures
2 «a. b ¢) The thrust contact with the underlving Dhiarizos Group is too small to be
depicted on Figure 2.4a but occurs just to the east of Loutra tis Aphroditis Further south.
Ayi0s Photios rocks are also thrust directly over a large sheet of serpentinised harzburgite
belonging to the Troodos Complex. This serpentinite outcrops between Loutra tis
Aphroditis and Piana, a distance of 3-3km, and the sub-horizontal tectonic contact with
sediments is irregular, with Ayios Photios Group sediments occurring on top of the
serpentinite as widespread thrust sheets in the east and as two smali Klippen in the west.
one Ikm west of Neokhorio (Plate 21) and the other close to the limestone cover
sediments at Piana  These klippen are shown with somewhat exaggerated size on Figure
24da

The Avios Photios Group is dissected internally by a complex of low-angle.
casterly dipping thrust faults and displays west-verging and west-facing asymmetric folds.

The thrusts and folds both indicate an overall westward displacement of the Avios Photios

Group
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The Viambouros Formaticn crops out in the south of the studv area and consists of
grey-green, medium- to coarse-grained sandstone intercalated with subordinate silt- and
mudstone Organic material is present in the form of vascular plant 1enins Repeated
cvcles of upward-fining quartz-rich sand lavers. intercalated with silt- and clav-rich Lavers,
display slump structures and lateral facies changes indicating their deposition fiom
turbidity tlows. The base of this unit is not seen in the aree and the upper contaet s
marked by a contormable gradation into red mudstones and chert bands of the Fpishop
Formation Total thickness of the Viambouros Formation s estimated at approximately
S0m (Swarbrick and Rebertson. 1980). but trom more recent mappmy during this proyect,
the formation appears to be thicker than 100m in places The Viambouros Formanion has
been dated as Triassic in age. from foraminifera contained in assocrated sediments
(Swarbrick and Robertson. 1980).

The Episkopi Formation crops out in the centre of the study area and along the
coastline to the north, and cemprises well-bedded radiolarian mudstones with intercalated
cherts and siitsones At the top of this unit is an uncontormable contact with manne chalks
and limestones of the Cretaceous to Palacocene-kocene Letkara Formation Thick-bedded
(2m) sandstone lavers are present (the Akamas Member) at certain horizons within the
radiolaran sediments and represent occasional influxes of terrestrial sediment nto a deep
water marine environment (Swarbrick and Robertson. 1980) The Episkopt Formation was

dated using radiolana from the cherts and mudstones and is of Jurassic to late Cretaceous

age (Swarbrick and Robertson, 1980)




The Dhiarizos Group (Middle Triassic- Lower Cretaceous)

Within the study area. the occurrence of the Dhiarizos Group is restricted to the
shore section in the vicimty of Loutra tis Aphroditis The lower contact. between
Dhiarizos and Troodos (?) rocks, is not seen in outcrop The upper contact is a low angle
thrust with overlying Avios Photios rocks. The Loutra tis Aphroditis Formation consists
of breccia contaiming small angular clasts of siltstone and larger (5-10¢m) coarse-grained
sandstone cobbles Minor quantities of voleanic glass are also seen within the tutfaceous
mainx of the breccia In the study area. the only outcrop of Loutra tis Aphroditis
Formation 1s a single block near Loutra tis Aphroditis The bottom of this block is not
seen but fateral contacts with surrounding Avios Photios cherts and mudstones are high
angle faults Groove lineations on the faces of the block indicate that the most recent
refative movement between the block and surrounding rocks was almost vertical

Petra tou Romiou Formation hmestone is present as isolated blocks suspended
within Mamonia sediments The best outcrops are a series ot blocks or 'knockers' on the
shore section close to Loutra tis Aphroditis. These blocks are silicitied (ooliths and coral

tragments replaced by silica) and are interpreted as remnants of carbonate reefs formed on

scamounts upon Triassic ocean floor The blocks probably became silicified afier sinking

beneath the carbonate compensation depth at some time betore exhumation during terrane
colhision (Swarbrick and Robertson, 1980).
The Ayia Varvara Formation (Upper Cretaceous)

This format.on has been discussed by Malpas ¢ al. (1992), and is thought to be

the metamorphosed remnants of Triassic ocean crust and associated volcanic seamounts




and sediments preserved within the subduction (accretion) melange Metamorphism most
likely occurred during subduction. Chemistry of the amphibolites is indicative of both
tholeiitic basalt (MORB) and ocean island basalt (OIB). unlike any lavas associated with
the Troodos ophiolite (Malpas ¢/ ul.. 1993).

Amphibolites. quartz-mica schists and blocks of reerystallised chert are found
along the shore section near Loutra tis Aphroditis, and amphibolites are present withan
serpentinite approximately 1km west of the town ot Neokhorio (Figure 2 da)

The Mavrokolymbos and Phasoula formatiors arc not scen in the arca
2.4.1.2 The Troodos Complex

Serpentinised harzburgite

.. . - . 2
Serpentinised harzburgite crops out over an arca of approximately Ykm-=

(extending south from Loutra tis Aphroditis) and is interpreted as an allochthonous sheet
emplaced from east to west over gabbro and sheeted diabase dvkes (Malpas and
Xenophontos, 1992; Murton, 1990) (Plate 2 2). Extensive serpentinite exposure occurs on
the shoreline adjacent to Loutra tis Aphroditis. Bastite (after orthopyroxene) serpentine is
common (Plate 2.3).

The degree of serpentinisation .5 not unitorm throughout the ultramafic body. and
is more pronounced towards the margins of the serpentinite mass and along the numerous
internal zones of sheared and shattered material. The serpentinite is highly weathered and

degraded where shearing and brecctation have occurred




Gabbroic rocks

Variably-sized plutonic bodies occur as sporadic intrusions within the sheeted

diabase dyke complex. The largest of these lies immediaiely below the large serpentinite

sheet (Plate 2.2). The gabbroic rocks are mostly vari-textured and include a range of
lithologies from gabbros(ss), olivine-gabbros, quartz-gabbros, diorites to rare
plagiogranites.

Sheeted diabase dyke complex

An cxtensive sheeted diabase dyke complex crops out in the west of the area.
where it is thrust over volcanic rocks The dykes are themselves overthrust by the
serpentinite. They are aphyric to sparsely phyric basalts and basaltic andesites with
cquigranular, fine-grained ophitic, sub-ophitic and intergranular textures (Gass, 1960)
These dykes are chernically similar to t%ose diabase dykes found in the southern part of the
Troodos Massif, with which they are therefore correlated (Gass, 1960).

For the most part, the complex has been tectonically disrupted and dykes now dip
at 40" castward (Plate 1.4). It is not clear whether these dykes, which were presumably
originally intruded vertically, were disrupted during thrusting or as a result of back-
rotation cf faulted blocks during formation of the Polis Graben.

Lower and Upper Lava Series

Volcanic rocks belonging to the Troodos Complex include an extrusive sequence

of tholeiitic pillow- and sheet flow-basalts, intercalated with deep water sediments, lying

structurally below the sheeted diabase dykes (Malpas and Xenophontos, 1992). Way-up




indicators suggest that the lavas are upright and therefore must oceur in discrete thrust
slices.
2.4.1.3 Tertiary Cover Sediments

In the Akamas area, chalks, marls and limestones of the Lethara and Pakhna
formations are well exposed and cover approximately 40°0 of the study arca (Figure 2 4a,
Plate 2.4).

The Lefkara Formation unco-formably overlics Mamonia and Troodos rocks
(Plate 2.2) and consists of chalk with chert bands, grading upwards into massive chalk
The Pakhna Formation is a series of chalks, marls and calcarenites which conformably
overlies the Lefkara Formation (Plate 2.4). Over most of the study arca, however, the
Pakhna Formation directly unconformably overlies basement rocks (Troodos and
Mamonia complexes). It is capped by the Tera Limestone, a coraline imestone containing
reef talus and reworked calcareous sediment. Therefore, on many of the graben footwall
blocks. there exists a considerable stratigraphic hiatus

A sernies of Recent conglomerates, fanglomerates, sandstones, marls and calcarcous
arenites are present in the north and east of the study area (Plate 2 5), they are particularly
well developed along the axis of the Polis Graben .
2.4.2 Structure

Early extensional tectonic features are preserved within the serpentinite and oca
in the form of small grabens and half-graben faults Scedimentary serpentinite brecia,

interpreted as fault talus, is found at the base of graben-bounding faults ‘The small grabens

vary from 10 to 30m wide and show relative displacements in the order of S-10m




Kinematic indicators on fault surfaces and within shear zones consistently show normal
shp sense. Normal faults (half-graben bounding faults?) are present in a few localities in
the south of the area near Piana and along the coastline just below the limestone cover to
the west of Loutra tis Aphroditis. Similar features have been described in tic
Mavrokolymbos and Ayia Varvara Windows, 40 to 60 km to the south. These features arce
interpreted as being formed as a result of an early period of extensional tectonism which
occurred during the formation of the ophiolitic rocks presumably in an extensional forearc
setting adjacent to, or part of, a major *-ansform fault zone (Malpas ¢/ a/., 1993).

Low- to moderate-angle. eastward-dipping thrust faults are the dominant

structures in the study area (Figures 2 4a-c). These faults appear to be related to the

regional west-southwest thrusting of Mamonia and Troodos rocks, although the thrusting

is directed more to the west than at the Ayia Varvara and Mavrokolymbos windows
(Malpas ¢t al., 1993).

In the study area, a large sheet of serpentinite is thrust over gabbro and sheeted
diabase This thrust is referred to as the basal serpentinite thrust (BST) and contains
structural features relevant to the magnesite mineralisation which is discussed later
(Chapter 3). A shear zone, the intra-serpentinite shear zone (1SSZ) is present higher up in
the harzburgite thrust sheet. The ISSZ is essentially a carbonatised serpentinite shear zone
which outcrops a few metres below the carbonate cover sediments. Smali clasts or” Ayios
Photios Group cherts, mudstones and gabbro are present in this shear zone (Plate 2.6).

Folding is seen on a variety of scales within the Mamonia Complex; asymmetric

anticlines are common throughout the area, particularly within thrust packages where




competent sandstone beds are intercalated with siltstones and mudstones Vightly folded
layers of chert and mudstone (with minor sandstone horizons) are commoa along the
shoreline and are well exposed along road cuts and in river valleys All tolds are westward
verging and are best developed within the Episkopi Formation.

Miocene extensional faulting, related to the formation of the Polis Graben, lLas
downthrown large blocks of both Troodos and Mamonia rocks. The study of sediment
deposition in the graben and the onset, and age span, of exiensional tectonics (Robertson
et al., 1990) conform to the geometry of the cross section through the area (Figure 2 4b)
Graben faults are rarely seen in outcrop due to extensive Tertiary carbonate cover Faull
attitudes and the magnitude of normal fault displacement must therefore be inferred from
stratigraphic relationships (e.g. Figures 2.4a-c), changes in topography and the relative
thickness of carbonate cover on the downthrown side of the fault (Figure 2 5). Around the
perimeter of the serpentinite for example, the thickness of the syntectonically deposited
limestone cover has been used to identify areas of fault activity. Only normal faults are
shown in Figure 2. 5. The dip and dip-direction of these faults were inferred from the
attitudes of sheared serpentinite and the presence of slumped limestone sediments on the
downthrown side of the faults. Fault traces are seen to run beneath the limestone cover in
directions consistently east-west and north-south. These faults can then be followed by a

corresponding change in topography. This gives the Pakhna sediments a terraced

appearance in places.
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Figure 2.1 Schematic reconstruction of Mamonia and Troodos terranes during Middle-Late Cretaceous
times (Malpas etal., 1993)
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3.0 STRUCTURAL FEATURES OF MINERALISATION
3.1 Introduction

Structural features in the serpentinised harzburgite and within the magnesite
deposits provide information concerning the relative timing of, and physical conditions
prevalent during, carbonate mineralisation in this area. Two styles of magnesite
mineralisation are clearly discernible which are interpreted as belonging to different
genetic episodes. Each style appears within distinct structural settings in the serpentinite.
Examination of features within the magnesite and serpentinite indicate that the earliest
magnesite veins were precipitated during contractional tectonism and so this style of
mineralisation is associated with the emplacement of the serpentinite. Nodular precipitates
appear to have formed later, after all contractional tectonism had ceased.

3.2 Styles of Magnesite Mineralisation.

The mineralisation has been categorized, based upon field relationships and
magnesite distribution, into two zones; 'ZONE I' and 'ZONE II' (Figure 3.1). These two
zones are recognized within each of the magnesite deposits in the study area, but are best
seen in the Magnisia mine (Figures 3.2, 3.3). Each 'zone' where magnesite i1s present
contains significant information regarding structural and mineralisation processes involved
in each stage of carbonate formation. Zones I and II are described separately in the
following section paying attention to structurally significant features. These two zones

constitute the main styles of magnesite mineralisation present in the Akamas area.



3.2.1 Zonel Type Mineralisation

Mineralisauon of this type is hosted by extensive vein networks. which are
particularly well developed in the lower portion of the serpentinite thrust sheet (Figure
3 1) Laige veins occur at the bases of the deposits (Plate 5 1) and grade upwards into a
difluse stockwork consisting of vanably oriented smaller veins

Fhe magnesite in the large weins is tor the most part a hard.  white.
crvpitocrystalline material (Plate 3 2) with dendritic iron hvdroxide tlimonite) upon vein
surfaces  The vemns have been injected into sheared and shattered serpentinite as well as
along existing anisotropies. including shear zone fabrics  In surrounding serpentinites.
shear zone structures such as c-s planes and slickenside lineations defined by both fibrous
nunerals as well as grooves are abundantly present both in outcrop and many samples
Shekensided surtaces with ineations are particularty common on the walls of sizable veins
( ~10em in thickness) The large magnesite veins are oriented almost vertically and show
well developed features associated with dilational vein svstem development (Hodgson,
FORY) These features are spalled wallrock fragments now included in the veins in zones

parallel to walirock within the outer borders of the veins, “comb™ textures within some

large veins. internal “ladder vein™ textures. median-lines within veins and hydraulic

brecctation and re-cementation of vein material (Plate 3 3)  Groove lineations along
shickensided surfaces on the wal.s of veins indicate displacement after vein formation with
some reworking of the shear fabric The large magnesite veins are dilational and antitaxial

i nature and interpreted to have formed during a syn-kinematic stage




Zone 1 magnesite veins grade upwards mo small vemlets and stockwark
mineralisation which are present in most explonted sites The transition between these two
forms of magnesite is not uniform but. where well exposed. commoniv oceurs over
vertical interval o approximately 3-4m - Stochworks evervwhere lie above the laae
magnesite veins The lower and upper limits of this zone ae the Basal Serpentimte Hhius
(BST) separating serpentinite trom gabbro diabase. and the Intia-Serpentinite Shear Zone
(ISSZ) near the top of the serpentinite sheet (Figures 31, 3 3) Above the BST the
sheared serpentinite grades upwards into a more common massive-blocky texture

Where magnesite seins are common, the serpentmsed harzburaie s a0 dak
olive-green colour with relatively hittle evidence of associated  carbonatisation of the
ultramatic material Where stochworking is well developed however, the host tock s o
light mottled green-white due to extensive carbonate alteration At the Magmsia and Prang
localities (Figure 1 2). weathering and alteration is severe and has resulted not onlv i
extensive degradation of the serpentinite, but also in the Tormation of caleite and dolomite
veins, especially in close proximity to the marine imestone which uncontormably overlies
the magnesite deposits Petrographic examination indicates that the majority of this calene
and dolomite is epigenetic in nature. inhlling fractures and voids witlun the mavoesite
veins and surrounding serpentinite (see chapter -

Zone I structural features
Zone | varies in apparent thickness between 16 and 3om along the line ol

magnesite deposits, and is at its thickest at the Magmisia locality - Lateral thickness and

continuity of Zone 1 mineralisation underground outside Magnisia is not casily consttnned




due to extensive overlying Tertiary marine limestone cover (Figures 2 4a-c) and Jack of
exploratory adits  Boreholes from two sites within the vicinity of the Magnisia
mineralisation do not intersect magnesite mineralisation (and/or extensive calcite or
dolomite precipitates) below depths of 80m within serpentinite (Figures 3 2. 33).
Borcholes AK2 and AK3 do not intersect the BST It is uncertain exactly how deep the
magnesite occurs but, assuming magnesite mineralisation remains restricted to serpentinite
at depth. best estimates from field mapping indicate thickness of Zone I magnesite
occurrence to be no greater than 8um (Liich and Maliotis. 1984).
Orientation of shear zone structures

The BST is marked by a 10-20cm thick shear zone developed in scrpentinite,
whick exhibits a well defined contractional ¢-s fabric implving emplacement of serpentinite
over gabbro and sheeted diabase dykes (Figures 3 4ab, Plate 3.4, see also Plate 42). A
few high-magnesian calcite veins, known to be genetically related to the magnesite
mineralisation (see chapter §), are present within the c-s fabric of the BST (Plate 42)

When plotted on a lower hemisphere, equal area projection. poles to the c-planes and s-

planes of the shear zone fabric lie in orientations which define a moderately east-dipping

contractional shear zone with movement of the karzburgite hanging wall directed toward
the west-northwest (Figure 3 4b) Groove lineations and fibrous packages of calcite on the
walls of the calcite veins, which enhance the c-planes of the BST shear fabric, are oriented
with a maximum statistical azimuth-plunge of 108/50°; the point maximum lies at

approximately 90° to the intersection lineation defined by the c- and s-planes. These
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grooves are therefore oriented in a direction consistent with the overall shear direction
inferred for the BST

Large magnesite veins situated at various sites around Piana and Magmisia, hving
structurally above the BST (Figure 3 2). also show groove lincations upon their vein walls
The veins are oriented with a north-south strike and with dips between 85°E and
00”. almost parallel to BST s-plane orientations (Figure 3 4b) Grooves upon these veins,
affecting both magnesite fragments and the cryptocrvstalline matrix. formed during
relative displacement of the serpentinite and have azimuth-plunge orientations of
090/85". which indicates a comparable displacement direction on these veins to the shear
direction tor the c-s fabric of the BST (Figure 3 4a.b)
3.2.2 Zone 11 Type Mineralisation

Zone Il occurs throughout the large magnesite deposits in the arca and is separated
from Zone [ by a low angle, eastward-dipping shear zone within the serpentinite above the
magnesite veins and stockworks (Figures 3.1, 3 3) This intra-serpentinite shear zone
(ISSZ) is characterized by a very tine-grained. light-blue, friable, sheared serpentinite
which has been extensively carbonatised (Plates 26, 3 5) 1t occurs approximately 10m
below the upper limit of the serpentinite sheet, varies from 2m to 7m in thickness and is
interpreted as a shallow shear zone which formed during the main phase of contractional
tectonism affecting the serpentinite. Sheared serpentinite in places grades upwards into

uncarbonatised blocky serpentinite. Nodular magnesite has been precipitated mostly within

this sheared serpentinite (ISSZ) (Plates 3 6, 3 7, 3 8). but is also present in the blocky

serpentinite above the shear zone A single small klippe of Ayios Photios Group sediments




at the top of the serpentinite sheet. at the base of the Limestone cover at the top of Zone

[1. contains small quantities of nodular magnesite precipitated in fractures and voids.
Nodular magnesite, which overgrows all shear fabrics in the serpentinite host rock.

is definitive of Zone Il mineralisation and belongs to a lat:r magnesite forming episode

(see chapter 4).

Z.one H Structural Features

The lower and upper limits of the nodular precipitates are marked by the base of
the ISSZ and the unconformable contact separating serpentinite from overlving marine
limestone respectively (Figure 3.3). At the Magnisia mine the projection of the 1SSZ at
depth 1s constrained by the presence of sheared serpentinite containing nodular magnesite
with small magnesite veinlets at depths from surface between 46m and 78m in borehole
AK2, and between 62m to 67m in AK 1 (Figure 3 2), as well as the distribution of nodular
magnesite in the mine workings of Magnisia (Figure 3 3) The absolute limit of Zone 1
mineralisation at depth is unknown due to limited access, extensive carbonate cover
sediments and lack of borehole data. The bluish colcur of the carbonatised ultramafic rock
i1s distinctive and the zone can be followed throughout an area which encompasses all the
magnesite deposits (between Sandalides and Piana)

Kinematic indicators are present within the 1SSZ in the form of c-s fabrics. but are
less well developed than in the BST. The shear fabric of the ISSZ lies at a shallow angle
with an inferred dip direction of ~155°. At the Magpnisia locality, the ISSZ lies at a shallow
angle (358/10°E) and horizontally disects the magnesite deposit (when viewed from west

in the main mine workings). The lower half of this deposit clearly shows Zone I type




mineralisation, while the upper halt contains the nodular material tvpical of Zone 1l (Figure
3.3).

Unlike the veins and stockworks, magnesite within the {SSZ tformed subsequent to
any active tectonism affecting the serpentinite, and is seen to have nucleated within and
subsequently overgrown the shear fabric. Magnesite nodules vary in diameter trom
centimetre scale up to 2m across (Plate 3 7) There arc no sheaved nodules present in the
area.

No magnesite veins have been precipitated within the 1SSZ, and the sheared
serpentinite in Zone Il contains no vein or stockwork material
3.3  Other Carbonate Precipitates
3.3.1 Carbonate Precipitates in Serpentinite

Within this category are carbonate precipitates found overprinting magnesite
mineralisation throughout the serpentinite which are far less pure than cither magnesite
veins or nodules. These recent precipitates form a 10cm thick carbonate crust and are
co:aprised of cryptocrystalline 'chunks' of magnesium carbonate and high-magnesinm
calcite in a soft calcite matrix on the walls of adits (Plate 3 9) Dendritic iron hydroxide is
present throughout the carbonate matrix. The more open structure of these precipitates
may be due to formation upon a free surface (adit walls). as opposed to precpitation
within sheared serpentinite. Such precipitates have formed within the past ten years as a
result of the opening of the adits and are generally best developed at sites below the water

table, 150-200m above sea level. The best occurrence of this type of carbonate formation

is found in the small test adits at the base of thc Magnisia mine Similar occurrences are
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noted from the north of the area near Sandalides (Figures 2 4a-c. 3.2) Blocks of marine
limestone in and around the mincral deposits have been cemented together by relatively
recent botryoidal magnesite precipitates.

Within brecciated fault zones in marine limestone above the magnesite deposits are

small areas where breccia has been cemented togethar bv cryptocrvstalline carbonate

precipitation. Small blocks of limestone which have fallen downhill onto outcropping

serpentinite appear to have been cemented onto the substrate by botrvoidal magnesite The
blocks of limestone lie on the exposed serpentinite hillside and so were probably cemented
recently

In one locality, circulating groundwater is precipitating fine laminar sheets of
carbonate on the sides of a small cave within the serpentinite (Plates 3.10. 3.11). This
material, from petrographic examination, is an Fe-rich dolomite, a very unusual occurrence
for such a site Usually one might expect travertine or a calcite tufa (Barnes and O'Neil,
1969, Gribble and Hall. 1985)

The process of carbonate mineralisation in this area is therefore of a continuous
nature
3.3.2 Carbonate Mineralisation in Footwall of BST

Calcite veining is developed within a set of conjugate shear fractures in gabbro
which lies immediately beneath the serpentinite body containing magnesite mineralisation
(Plates 3 12 & 3.13). These veins termina.e against the thrust plane between the gabbro
and serpentinite Grooves on the veins indicate relative dip-slip displacement along the

conjugate shear fractures in the gabbro subsequent to vein precipitation, possibly induced
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by either vertical lcading during thrusting, or unloading due to extension in the Polis
Graben. The veins show marked similarities to some magnesite and ligh-magnesium
calcite veins of Zone 1 mineralisation such as well developed inedian-lines along vemns and
“comb” textures (see chapter 4) It is unsure whether these calcite veins are svn