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1. Brief introduction to the Geology of
Cyprus

The island attracted a lot of attention during the 1960’s when Gass and Smith (1964) reported on
a large positive anomaly beneath Troodos which Gass (1968) later interpreted as a piece of
Tethyan oceanic crust. Nevertheless, the island of Cyprus consists of a mosaic of topographic
terranes which are very much controlled by four distinct geological terrains and their associated
tectonic structures: the Troodos Terrane, an autochthonous bedrock terrane which consists of
Middle - Upper Turonian to uppermost Santonian ophiolite sequence, the Arakapas Transform
Sequence, an off-axis ophiolite sequence, the Mamonia Terrane consisting of Upper Triassic —
Cretaceous sedimentary rocks and basalts and finally the Keryneia Terrane, consisting of
Carboniferous — Cretaceous limestones and Cretaceous — Pliocene carbonate sediments and
greywackes. All four terranes are covered by autochthonous sediments, commonly referred to as
the Circum-Troodos sedimentary succession.

Fig. 1. Major geological terranes of Cyprus.



Cyprus is no doubt one of the first, if not the first, copper producers in the world, where metallic
copper was produced through mining and smelting of cupriferous sulphide deposits. Early
archeological investigations at Ambelikou, in the Skouriotissa mining area dated mining activities
back to 2760 B.C. whereas the first copper artefact found on the island, a hair ornament, dates
to around 2.800 B.C..

Ample ancient historical references and archaeological findings evident the early development
and gradual expansion of the copper industry in Cyprus which lasted for more than 3,000 years.
Ancient mining workings such as shafts and galleries can be found scattered across the island.
However, the most impressive evidence of the extent of the ancient copper industry in Cyprus is
the widespread occurrence of ancient slag heaps. More than 110 such heaps have been found,
scattered mostly on the pillow lava outcrops in the periphery of the Troodos Ophiolite.
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Fig. 2. Simplified geological map of Cyprus
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Fig 3. Simplified cross section from Pafos (left) to Lefkosia (right) through Troodos

Note: Some parts of this guidebook are extracts from the “Field Excursion Guidebook”,
Symposium TROODOS 87, OPHIOLITES AND OCEANIC LITHOSHERE, hosted and published
by the Cyprus Geological Survey and the field trip guides “The Troodos Ophiolite” by Malpas J.,
Xenophontos, C. and Cann J and “The Geology of Southwest Cyprus” by Malpas J.,
Xenophontos, C. and Robertson, A., 2 field trip guides for the 3 International Conference on the
Geology of the Eastern Mediterranean held in Cyprus in 1998, organized by the Cyprus
Geological Survey.



The Circum - Troodos Sediments Stratigraphy

SEDIMENTARY SEQUENCE
PLEISTOCENE
(a) Marine terrace deposits (b) Aeolian deposits
(;- Calcarenite formed by cementation of fine graﬁle, sand and silt deposited in a
shallow marine environment.
(b) Calcarenite formed by cementation of fine, single-sized coastal sand dunes.
BB Nicosia Formation
Grey, silty to sandy marl deposited in a marine environment, usually rich in
macrofossils.
Kalavaso Formation
Mlnggg:dE Crystalline, granular and laminated gypsum, gypsum breccia and Intercalated
gypsiferous marl.
s Koronia Member of the Pachna Formation
w MIDDLE Biostrome and bioherm reef Limestone
8 MIOCENE
=
(a) Pachna Formation (b) Chalk talus
N‘i?)‘gEE:E (a) Cream-coloured, thin-bedded chalks, marly chalks, bioturbated silty marls, light
brown, organic-rich siltstones and cakcarenites.
(b) Angular fragments of Pachna Formation chalk occurring at the toe of slopes.
(a) Tera Member of the Pachna Formation (b) Limestone talus
OLIGOCENE
(a) Limestones deposited in a shallow marine environment.
(b) Angular fragments of Tera Member limestone occurring at the toe of slopes.
EOCENE
(a) Lefkara Formation (b) Chalk talus
PALEOCENE (a) White, thin-bedded, chert-bearing pelagic chalk and chert-free massive chalk. Local
thin-bedded grey marls and cleaved marly chalks towards the top. Light, pink marl
and marly chalk at the base.
h (b) Angular fragments of Lefkara Formation chalk occurring at the toe of slopes.
=
8 MAASTRICHTIAN Kathikas Formation
(c'() Variably coloured, poorly sorted debrites with angular clasts upto boulder size in a
~ sand and clay matrix. Most clasts are derived from the Mamonia Complex but some
o are of Troodos ophiolite lithologies.
o
© CAMPANIAN Kannaviou Formation
& Bentonitic clays interbedded with off-white volcaniclastic sandstones.
b= )

Fig 5. Simple Stratigraphy of the Circum — Troodos sediments
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2. The Troodos Ophiolite Complex

The Troodos Mountain Range is the main geomorphologic feature of the island of Cyprus. It
covers an area of about 3200 km? and its highest peak, Olympus, has an elevation of 1951 m.
Formed in a Neotethyan supra-subduction zone by seafloor spreading at a constructive plate
margin during the Turonian to uppermost Santonian, the Troodos ophiolite terrane forms the
central geologic zone and terrane on the island of Cyprus. It consists of a relatively intact and
complete ophiolitic rock sequence. Its well-preserved structure and rock sequence makes the
Troodos ophiolite unique in relation to the other Tethyan ophiolites. It includes all components of
an ophiolitic sequence, an ultramafic core consisting mainly of serpentinized harzburgite, plutonic
ultramafic and mafic rocks, a sheeted-dyke complex, a volcanic sequence of mostly pillowed lava
flows and topped with iron- and manganese-rich hydrothermal sediments. Our trip will make a
progression upwards through the ophiolitic crustal sequence.
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3. Description of Stops

Stop 1 (09:15): Lower Pillow Lavas, Maroulena River, 514027E-
3874360N

One of the most important and spectacular exposures of the Lower Pillow Lavas is the slope of
a gorge in the Akaki river showing the lower part of the volcanic sequence. This outcrop is the
classic reference locality for the study of these types of rocks.

In this section there is a lower unit of hyaloclastites (black color) and an upper unit of pillow lavas
cut by swarms of near vertical dykes (70°- 80°) with an approximately N-S direction. These dykes
make up approximately 30 percent of the section and are cut by younger inclined light brownish
dykes. This area shows the stratigraphically lower part of the volcanic sequence, where the
number of dykes increases abruptly in the volcanic rocks near the boundary with the Basal Group.

Chalcedony occurs infilling vesicles and cracks, both in the lavas and in some of the intrusions.
It is probable that solutions rich in silica—derived, perhaps, from the decomposition of some of
the silicates in the lava itself—percolated through the rock and deposited a siliceous gel in the
interior of the vesicles and cracks.
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Stop 2 (10:30): Upper Pillow Lavas, Lower Pillow Lavas and
Sulphide Deposits outside Skouriotissa mine, 489460E - 3883800N

This location offers a panoramic view of Skouriotissa mine which is the only copper mine
operating in Cyprus today, producing pure copper metal. In addition, it is a unique mining heritage
site with continuous exploration at the same location since antiquity. The massive ore is located
in the pillow lavas.

Based on color, mineral composition and degree of dyke intrusion, the volcanic rocks of Troodos
ophiolite are divided into two horizons, the Upper and the Lower pillow lavas. The geochemistry
of the lavas points to a supra-subduction zone environment of the Neotethyan Ocean domain.
The Upper Pillow Lavas (UPL) consist of 80-90% of pillow lavas and 10-20% of dykes. The lavas
are commonly olive-phyric basalts with some picrite basalts but also more rare olivive-free
basalts.

At this location the lavas are olivine-phyric basalts with olivine being replaced by carbonates and
red iron oxides. These iron oxides cause the characteristic red color of the UPL. The space
between pillows is usually occupied by altered glass, calcite, zeolites (analcime) and interlava
sediment. The pillows are flattened and elongated with their diameters ranging from 30-170 cm.
The pillow periphery is glassy as a result of abrupt cooling on the ocean floor. The internal texture
is vesicular due to the abrupt release of gas due to the sudden drop of temperature and magma
pressure during the eruption of lava. The vesicles vary in size and shape and do not connect.
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Lower Pillow Lavas and Sulphide Deposits

The sulphide deposits of Cyprus, rich in pyrite and chalcopyrite, are closely associated with the
Troodos ophiolite and in particular with the Lower Pillow Lava horizon. At Skouriotissa the ore
body was estimated approximately at 6 million tons with an average copper content of about 0,5-
2,5% and sulphur at 47%.

These deposits have been formed on the Neotethys sea floor along sea floor spreading axis by
the circulation of metal-rich hydrothermal fluids. The source of sulphur is seawater, which
percolates through the oceanic rocks via a network of fissures that are formed in the zone of
seafloor spreading. The percolating seawater is heated by ascending magma, washes out
metallic elements from the surrounding rocks and ascends. Once the hydrothermal fluids reach
the seafloor in the form of “black smokers”, precipitation of sulphide minerals such as pyrite and
chalcopyrite occurs due to the fall in temperature and other physicochemical conditions (e.g. pH,
Eh). Such deposits are formed today in the Atlantic, Pacific and Indian Oceans and are known
as “Cyprus-type” deposits.

The differential uplift of Troodos in conjunction with the erosion that followed, exposed the
deposits to the surface, where they were oxidized, forming gossans (iron cap) of iron oxides and
hydroxides with spectacular red and yellow colours. These attracted the ancient inhabitants and
resulted in their discovery and extensive exploitation in antiquity from 2760 BC to AD 500.

Both the Upper and lower pillow lavas form very poor aquifers of low transmissivities and elevated
groundwater salinity, sulphate and boron concentrations. In rare occasions, minor fresh water-
perched aquifers are formed, in the upper weathered part of the exposures.
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Stop 3 (10:50): Slag Heap, 489512E-3883315N

The slag heaps which can been found around the Troodos mountains form the most irrefutable
evidence for copper mining and smelting on the island in antiquity. The Skouriotissa area contains
more than half of the total slag present in Cyprus. The slag heap which has been sectioned by
modern quarrying activities has been dated to the Late Roman or Early Byzantine period (4th-7th
centuries BC).

Stop 4 (11:10): Platania Picnic Site, coffee break

Platania picnic site is 6 km away from Kakopetria village and just 700 metres before the junction
of Limassol, Troodos, Nicosia, Kyperounta. A fully organized small local coffee shop near the
picnic site offers a relaxing time under the trees.

Stop 5 (12:30): Amiantos Fault, 493110E - 3865673N

At this point you can observe the Amiantos Fault, which is exposed in the broader area of the
Asbestos Mine. The fault brings in tectonic contact highly serpentinized rocks of the upper mantle
sequence (left) with intensively fragmented gabbro of the cumulate sequence (right).
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Serpentinized rocks are considered impervious and thus play a major role in the formation of
contact and fault springs, of mostly local importance. On the contrary, extensive aquiferous zones
are developed in gabbro and diabase rocks due to their secondary porosities, resulting from the
extensive uplift and fracturing, in conjunction with the relatively high annual precipitation at the
exposure elevations (up to 1200 mm on the top of Mount Olympus). Borehole yields are highly
related to the degree of rock fracturing, proximity to major fault zones, precipitation, slope, and
borehole depth. The most productive borehole depth in these rocks is 200-250 meters and yields
range from a few cubic meters to tens of cubic meters per hour. The Troodos Fractured Aquifer
is of vital importance not only to the local and proximate communities but also to the Island’s
regional hydrogeology as it was also modelled to recharge Circum-Troodos sediments thus
rightfully earning the title of the “water tower of Cyprus”.

Stop 6 (13:00): Troodos UNESCO Global Geopark Visitor Centre,
492482E - 3864925N

Visit at the Troodos UNESCO Global Geopark Visitor Centre. There you will have the opportunity
to watch the film on the geologic evolution of the Troodos ophiolite followed by a guided tour on
the exhibits of the centre and the geological garden.
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Stop 7 (14:40): Asbestos Mine View Point, 492047E-3865575N

At this stop, the panoramic view of the open-pit asbestos mine is remarkable. In the historic
asbestos mine near the village of Amiandos we will see a unique multi-disciplinary large-scale
mine rehabilitation project. The main chrysotile asbestos deposit is in the form of veins and occurs
in a zone of intense serpentinization and brecciation within the tectonite harzburgite on the
eastern side of Mt. Olympus. The veins vary in thickness from a few mm up to 1.5 cm with the
average grade of the deposit being 0.8-1.0%. The serpentine mineral has three polymorph
minerals: antigorite (high temperature polymorph at > 350°C), lizardite and chrysotile (also known
as asbestos) at 350°C.

Picrolite is a light green coloured rock that looks massive but consists of very fine fibres
perpendicular to the veins and consists of lizardite and chrysotile. This is the raw material for
ancient cruciform figurines.
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Stop 8: Lunch break

Cypriot tavern — “Chrysanthis”- Time for discussion and socializing at a Cypriot
traditional tavern near Kakopetria within a breath-taking scenery of pine forests that
stretch across the Karkotis Valley.
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