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T he eastern Mediterranean island of Cyprus played a pivotal role in the development of plate tectonic 
theory. Thus, when planning a recent eastern Mediterranean trip, we, as geologists, deemed it 
almost blasphemous not to include a visit to Cyprus on our itinerary. We had to see for ourselves 
the rocks that were so instrumental to the development of this geological paradigm. When our 

research revealed that Cyprus also hosts famous archaeological sites dating from Neolithic to Roman times, 
Byzantine churches listed as a World Heritage site, classic Mediterranean cuisine and wine, and gorgeous 
beaches, the decision to visit Cyprus was an easy one.

Understanding Ophiolites
In 1927, geologist Gustav Steinmann 

used the term “ophiolite” to describe a rock 
association he saw in the Austrian Alps 
that consisted of dense, dark-green rocks 
(called serpentinite due to their snake-
skin-like resemblance), volcanic pillow 
basalts and deep-sea chert — an associa-
tion that became known as Steinmann’s 
Trinity. Nobody thought much more about 
ophiolites until 1963, when Fred Vine and 

Drummond Matthews published their 
landmark paper positing that oceanic crust 
is formed at mid-ocean ridges via the pro-
cess of seafloor spreading.

At about the same time, Ian Gass 
discovered, during his mapping of an 
ophiolite in Cyprus’ Troödos Mountains, 
a “sheeted dike” complex — a series of 
countless igneous intrusions, injected 
one inside another. Eldridge Moores 
and Vine soon realized that seafloor 

spreading was the only plausible mech-
anism by which to form the sheeted dike 
complex Gass had described. An ophio-
lite is thus a geologic rarity: a sliver of 
oceanic crust and underlying mantle that 
has been uplifted and emplaced on land. 
When this insight was combined with 
evidence for the destruction of oceanic 
crust in deep-sea trenches, scientists at 
last had the framework necessary to piece 
together the theory of plate tectonics.

Travels in Geology

CYPRUS  
Island of Oceanic Crust
The soul of Cyprus lies in the Troödos Mountains — a rare, intact sliver of ancient oceanic crust — and in 
the beautiful mountain villages dotting their slopes. 
Credit: ©Shutterstock.com/Konstantin Kopachinsky
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Cyprus, the third-largest island in the 
Mediterranean, has been a battle-
ground between Turkey and Greece 
for centuries. The isle is currently divided 
into the southern Republic of Cyprus, 
which is more closely linked with 
Greece, and the Turkish-controlled 
territory called the Turkish Republic of 
Northern Cyprus. The United Nations 
patrols a buffer zone between them.
Credit: both: K. Cantner, AGI

Simplified Ophiolite Sequence
Beginning from the bottom, the 
Troödos ophiolite sequence con-
sists of peridotite and associated 
ultramafic rocks, which are dense, 
coarse-grained igneous rocks 
predominantly composed of the 
greenish mineral olivine. These rocks 
comprise Earth’s mantle. Above lies 
a section of layered gabbro (the 
intrusive equivalent to basalt). This 
is overlain by unlayered gabbro. 

Both types form from the under-
ground injection and slow cool-
ing of iron- and magnesium-rich 
magma into surrounding rocks. 
Above the gabbro lies a complex 
of sheeted dikes, which is partic-
ularly well exposed on Cyprus. 
These parallel, vertical dikes trans-
ported basaltic lavas from the 
magma chambers beneath the 
mid-ocean ridges to the ocean 
floor, where their eruption into 
seawater formed bulbous pil-
low lavas and other submarine 
volcanics, which are also on 
graphic display in the Troödos. 
This sequence of oceanic crust 
is overlain by marine sediments.
Credit: K. Cantner, AGI

A Broad Dome
Ophiolites are important tools for recon-

structing ancient plate motion because they 
typically lie along the sutures that mark the 
locations of past plate collisions. Because 
ophiolites are associated with collision 
zones, they are typically sliced and diced 
by faults. Dismembered ophiolites occur all 
over the world but are rarely found intact. 
The Troödos ophiolite is one of the best, and 
careful mapping has allowed geologists to 
compare its rocks with the sequence that 
exists in modern oceanic crust, as revealed 
by ocean drilling. The results show that 
the Troödos ophiolite possesses the same 
succession of mafic and ultramafic (dark, 
iron- and magnesium-rich) igneous rocks 
that characterize modern oceanic crust, 
giving geologists confidence that ophiolites 
do indeed constitute pieces of ancient oce-
anic crust that somehow managed to end 
up on dry land.

Rocks of the Troödos ophiolite have 
been gently folded into a broad dome, the 
highest portion of which is 1,952-meter-
high Mount Olympus, Cyprus’ highest 
peak. The deepest portion of the ophiolite 
sequence, a fragment of the mantle that 
underlies the oceanic crust, is exposed 
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near the summit of Mount Olympus, in 
the center of the dome. The shallower, 
crustal portions of the sequence form 
concentric rings surrounding the Mount 
Olympus bull’s-eye.

Adjacent to the ophiolite lie a series 
of sedimentary rocks that accumulated 
on top of the newly minted oceanic crust. 
Among them are metal-rich sediments 
that spewed long ago from “black smok-
ers,” geyser-like thermal hot springs 
that populate mid-ocean ridges, and 
were first discovered in 1977. Modern 
smokers host exotic, chemosynthetic 
animal communities that often include 
tubeworms, extremophilic archaea and 
other rare life-forms.

The Troödos Geopark
The vast Troödos Geopark was 

recently established to promote public 
understanding of the Troödos ophiolite, 
and to protect it. The geopark covers 
nearly 137,000 hectares, or 15 percent of 
the island. Quite by accident, we were the 
very first visitors to the geopark’s brand-
new visitor center, which is located in a 
restored elementary school near an old 
asbestos mine by Mount Olympus.

The visitor center displays detail the 
origin and uplift of the ophiolite. The 
story begins about 92 million years 
ago during the breakup of the super-
continent Pangea. The Tethys Sea had 
formed when two large landmasses, 
Laurasia to the north and Gondwana 
to the south, rifted apart. Gondwana 

further fragmented into several pieces, 
including modern Africa. As Africa 
moved northward, a subduction zone 
formed just north of the continent, 
within the oceanic crust of the Tethys 
Sea. The dense, old oceanic lithosphere 
that was attached to Africa sank rapidly 
into the mantle, creating a small oce-
anic spreading center located just above 
the subduction zone. The new oceanic 
crust of the Troödos ophiolite formed 
in that spreading center, making it 
what geologists call a supra-subduction 
zone ophiolite. Soon thereafter, Afri-
can continental crust attached to the 
downgoing oceanic plate was shoved 
down into the trench. The buoyancy of 
the continental crust, however, blocked 
up the subduction zone and caused the 
doming of the ophiolite.

Following these tectonic fireworks, a 
period of relative calm prevailed in the 
area for tens of millions of years. Then, 
about 10 million years ago, another 

In the Akaki River Gorge, spectac-
ular exposures of submarine pil-
low lavas (above) are intruded by 
sheeted dikes (left).
Credit: both: Terri Cook and Lon Abbott

Hikers can see the island’s famous 
sheeted dikes along the 3.5-kilome-
ter-long Teichia Tis Madaris Geo-Trail.
Credit: both: Terri Cook and Lon Abbott
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collision with a small, isolated piece 
of continental crust to the north of the 
island lifted the Cypriot rocks above the 
waves, raising the ophiolite dome as 
today’s Troödos Mountains.

The visitor center also features 
museum exhibits on the area’s mining 
history, including its famous copper 
deposits. These formed on the seafloor 
as a result of black smoker hydrother-
mal processes. Cyprus was an important 
center of Bronze Age copper production, 
beginning at least 5,000 years ago. The 
museum houses a collection of artifacts 
that illustrates that history, including 
a model of an ancient furnace used for 
copper production and Minoan cop-
per ingots.

A Stroll Through the Mantle
While at the geopark visitor center, 

be sure to pick up a brochure to guide 
you along the Artemis Geo-Trail, the 
best place on Cyprus to walk through 
rocks that were once buried in the 
mantle. This easy, 7-kilometer-long 
trail circumnavigates the summit 
of Mount Olympus. Along the route 
you’ll see labeled exposures of differ-
ent ultramafic mantle rocks, including 
peridotite, harzburgite, pyroxenite and 
dunite. The latter contains chromite, 
another important ore mineral. The 
geology unfolds as you hike through a 
beautiful forest consisting of giant black 
pine trees, gnarled with age, and foetid 
junipers. Interspersed with this forest 
are grasslands populated by a host of 
endemic grassland plants that grow 
exclusively on serpentine rocks.

Another excellent hiking choice is 
the Teichia Tis Madaris Geo-Trail. This 
undulating, 3.5-kilometer-long loop 
weaves through the island’s famous 
sheeted dike complex, which forms spec-
tacular fins of black rock. These are just 
a few of the tens of thousands of dikes 
— ranging from centimeters to more 
than 10 meters in width — that comprise 
the complex. Each dike represents a 

conduit through which basaltic magma 
was injected onto the ocean floor at the 
mid-ocean ridge 92 million years ago. 
Because molten magma is hotter than 
the rock into which it’s injected, the 
edge of each dike cooled more quickly 
than the interior, creating a zone of 
finer-grained crystals along the dike’s 
perimeter. It was by the careful mapping 
of these “chilled margins” that geologists 
assembled overwhelming field evidence 
that the dikes formed during crustal 
extension at seafloor spreading centers.

A trip to the Troödos ophiolite would 
not be complete without a look at the 
spectacular exposure of submarine 
pillow lavas intruded by sheeted dikes 
along the banks of the Akaki River. The 
exposure lies just a few tens of kilome-
ters south of the capital, Nicosia, and is 
newly marked with interpretive signs, 
courtesy of the geopark. Here, just a 
few steps from the road, is an amazing 
outcrop consisting of black hyaloclastites 
— rocks rich in basaltic glass formed by 
the immediate quenching of lava when 
it hit cold seawater — overlain by pil-
low lavas, whose bulbous shape forms 
from the extrusion of lava under water. 
Both are sliced by more dramatic ver-
tical dikes.

Exposures of different ultramafic 
mantle rocks, including perido- 
tite, harzburgite, pyroxenite, ser-
pentinite (seen here) and dunite, 
are labeled along the trail.
Credit: Terri Cook and Lon Abbott

The Artemis Geo-Trail is an easy, 
7-kilometer-long path that cir-
cumnavigates the summit of 
Mount Olympus, passing juniper 
and ancient black pine trees 
en route.
Credit: Terri Cook and Lon Abbott
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Roman Mosaics, 
Byzantine Churches and 
Beautiful Beaches

In addition to its spectacular geo-
heritage, the Troödos Mountains are 
also world-famous for their Byzantine 
cultural heritage. Scattered across the 
range, quaint cobblestoned villages host 
a series of tiny Byzantine churches and 
monasteries, 10 of which comprise a 
UNESCO World Heritage site. Adorned 
with colorful frescoes painted as early 
as the 11th century, the Troödos painted 
churches were built by Orthodox Greeks 
who retreated to the mountainous slopes 
to escape religious persecution by the 
Lusignans. Especially stunning are the 
vivid 12th- through 17th-century fres-
coes in the Panayia Phorviotissa church, 
located in the village of Asinou, and 
the Panayia tou Arakou, in the village 
of Lagoudera, which hosts some of the 
best-known examples of the late-12th-
century Comnenian artistic style.

Because the Troödos comprise a rela-
tively compact area, it’s easy to combine a 
visit to several of the Byzantine churches 
with stops at local wineries. Archaeo-
logical excavations have revealed that 
Cyprus has been a hub of winemaking for 
more than 6,000 years. Today the indus-
try is centered on the pretty village of 
Omodos, located on the Troödos Moun-
tains’ fertile southwestern slopes. In this 
region, indigenous grapes, including the 
white xynisteri and the red marathef-
tiko varietals, are cultivated, crushed 
and fermented to create some delicious 
and relatively inexpensive wines. These 
wines pair perfectly with the wide assort-
ment of mezes — small plates ranging 
from olives and tahini to sheftalia (spicy 
sausage) and calamari — often served for 
dinner, along with traditional, herb-in-
fused Cypriot chocolates.

Beyond the mountains are many 
additional sites worth visiting, includ-
ing the Paphos Archaeological Park. 
The site features a series of stunning 
mosaics that decorated the floors of 
wealthy Roman homes in the ancient 
city of Paphos, which was founded in 
the 4th century B.C. and ceded to the 
Romans in the middle of the 1st century 
B.C. Also of note are the nearby Tombs 
of the Kings, a series of underground 
tombs and rock-hewn cavities where 
wealthy residents (not royalty, mind 
you, despite the name) of ancient Paphos 
were buried during the Hellenistic and 
Roman periods. The island’s earliest 
permanent settlement, the Neolithic hill-
side village of Choirokoitia, was built in 

The Paphos Archaeolog-
ical Park hosts impressive 
Roman mosaics, such as 
a scene from the House 
of Aion (left) and a depic-
tion of Theseus fighting 
the Minotaur in the House 
of Theseus (below).
Credit: both: Terri Cook and 
Lon Abbott

A roadside chapel along Cyprus’ 
stunning south coast.
Credit: Terri Cook and Lon Abbott

Continued on page 48.

page 46 • November 2015 • EARTH • www.earthmagazine.org

Feature

http://whc.unesco.org/en/list/351
http://whc.unesco.org/en/list/351
http://www.earthmagazine.org


A pipeline, shown here under construction in May 2014, will 
bring water from Turkey to Cyprus.
Credit: ©Shutterstock.com/muratart

Northern Cyprus’ “Peace Water” Pipeline
With its semi-arid climate and 

growing population, Cyprus 
suffers from the highest level of 
water stress in Europe and is ranked 
in the top five most water-stressed 
countries in the world, according 
to the World Resources Institute. 
Demand in the larger southern 
Republic of Cyprus is predicted to 
increase to 314 million cubic meters 
per year by 2020, up from 266 million 
cubic meters in 2004.

Meanwhile, the island has expe-
rienced increasingly frequent and 
intense droughts since the 1970s, 
resulting in an estimated 40 per-
cent decrease in surface runoff, 
according to a 2004 report by 
Cyprus’ Department of Environ-
ment. These impacts are likely to 
increase in the future, with climate 
models predicting a decrease in 
precipitation in southern Europe, 
coupled with drier summers 
and even more frequent and 
intense droughts.

Whereas the Republic of Cyprus 
has increasingly turned to desalina-
tion — constructing two permanent 
and several mobile reverse osmo-
sis plants with a total capacity of 
20,000 cubic meters per day — 
northern Cypriots have instead 
turned toward Turkey, which controls 

the parched territory. In August, Tur-
key finished constructing the world’s 
long est undersea water pipeline, 
which will soon deliver water 
beneath the Mediterranean Sea 
to northern Cyprus. The estimated 
$550 million project will transfer up 
to 75 million cubic meters of water 
— enough to fill 30,000 Olympic-size 
swimming pools — each year from 
the Anamur River in Turkey’s southern 
Mersin province to the Mediterra-
nean’s third-largest island.

The ambitious scheme will 
transport about 10 percent of the 
Anamur’s flow to Northern Cyprus 
via new dams and pumping sta-
tions constructed at both ends. 
The centerpiece of the project is 
the 80-kilometer-long, trans-Medi-
terranean pipeline. Unlike at most 
underwater installations, which are 
laid on the seafloor, the ruggedness 
of the basin and the water depths 
exceeding 1,400 meters required 
an unconventional engineering 
approach: tethering lengths of 
low-density, polyethylene pipe to 
the seafloor, allowing it to float just 
250 meters below the surface of 
the sea.

After reaching Northern Cyprus, 
the water will be stored in a reser-
voir impounded by the Gecitkoy 

Dam, near the coastal town of 
Girne, before being divided almost 
equally between domestic house-
holds and farmland. The new source 
of water, which is expected to meet 
the isolated enclave’s increasing 
demands for the next 50 years, will 
allow Turkish Cypriots to irrigate 
nearly 5,000 additional hectares, 
providing a significant economic 
boost in a region where — as in 
the southern Republic of Cyprus — 
rainfall and groundwater often fall 
far short of meeting the demands 
for freshwater.

What effects the so-called Baris 
Suyu, or “Peace Water,” pipeline 
may have upon the prospects for 
Cyprus’ reunification are currently 
unclear. While some analysts argue 
that the new source of water will 
bring the two sides closer, others 
argue that the north’s increasing 
dependence on Turkey will drive 
them farther apart.

Regardless of the political ram-
ifications, all Cypriots must try to 
use the water they have more 
efficiently. And with 5 percent of 
the demand coming from tourism, 
visitors to the island also have an 
obligation to curb their consump-
tion while there.

TC
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about 6800 B.C. and is another UNESCO 
World Heritage site.

As marvelous as Cyprus’ renowned 
historic sites and geology are, most visi-
tors come here for its beautiful beaches. A 
particularly good choice for any geo-trav-
eler is Aphrodite’s Beach. The goddess 
Aphrodite is said to have been born as sea 
foam rising at Aphrodite’s Rock, a tower-
ing chunk of fault-scored limestone rising 
dramatically from the sea. The goddess’ 
rock is part of a hodgepodge of different 
rock types belonging to the Mamonia 
Complex mélange. The mélange was 
emplaced on the opposite side of an 
ancient transform fault from the intact 
seafloor of the Troödos ophiolite.

In just a few days, we were captivated 
by Cyprus’ beauty, geology, historic relics 
and delicious food. Where else can you see 
stunning Roman mosaics in the morning 
and study intact oceanic crust in the after-
noon? For these geo-travelers, that is a 
combination that is hard to beat, especially 
considering the compact island’s varied 
attractions can be easily visited as a brief 
part of a longer Mediterranean vacation.

Cook (www.down2earthscience.
com) is a science and travel writer 
based in Colorado and an EARTH 
roving correspondent. Abbott is a 
geology professor at the University 
of Colorado at Boulder.

One of the Tombs of the Kings, a series of underground tombs and rock-
hewn cavities where wealthy residents (not royalty) of ancient Paphos 
were buried during the Hellenistic and Roman periods.
Credit: Terri Cook and Lon Abbott

Aphrodite’s Beach is one 
of the most famous in 
Cyprus. The goddess is 
said to have been born 
as sea foam rising at Aph-
rodite’s Rock, a towering 
chunk of fault-scored 
limestone rising dramati-
cally from the sea.
Credit: Terri Cook and Lon 
Abbott

The Neolithic hillside 
village of Choirokoi-
tia was built in about 
6800 B.C. and is a World 
Heri tage site.
Credit: Terri Cook and Lon 
Abbott

Continued from page 46.
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Getting There & Getting Around
Cyprus has been populated for 

centuries by a mix of ethnic 
Greeks and Turks. Periodic ethnic 
tensions erupted into commu-
nal violence in 1963, leading to 
a Turkish invasion in 1974. Turkey 
has controlled the northern third of 
the island ever since. The Troödos 
Mountains, which host the ophiolitic 
rocks, rise in the center of the island, 
within the Republic of Cyprus.

The Republic of Cyprus has two 
international airports, one in Paphos 
on the western side of the island, 
and a second in Larnaca, in the 
east. Although neither has direct 
flights to the U.S., both are well con-
nected to most European cities as 
well as many destinations in the 
Middle East. Flights to and from 
Turkey are also available from Ercan 
Airport in Northern Cyprus. Since the 
easing of border restrictions in 2003, 
crossing the Green Line between 
the Greek and Turkish sides is gen-
erally straightforward at any of the 
designated checkpoints.

You will need a car to see 
many of the sights described 
here. Rental cars, including four-
wheel-drive vehicles, are widely 
available across the island and at 

both Republic of Cyprus airports. 
Cars are also available for rent in 
Northern Cyprus, but foreigners are 
not always allowed to take vehicles 
from that side into the Republic. 
In addition, auto insurance valid 
in the Republic is not usually valid 
in the north, and vice versa; if you 
want to drive across the border, be 
sure to read your contract carefully 
and secure the necessary docu-
ments at the time of hire. Because 
Cyprus was once a British colony, 
Cypriots drive on the left. Signs in 
the Republic are written in both 
Greek and Latin script, but only in 
Turkish in Northern Cyprus. Although 
Greek and Turkish are both official 
languages in the Republic, only 
Turkish is official in the north. English 
is also commonly spoken on both 
sides of the Green Line.

Accommodations on the island 
span a wide range of quality and 
price. Private apartments are often 
a better value than hotels, espe-
cially in the popular beachside 
resorts. Booking.com offers hun-    
dreds of reviewer-rated proper-
ties across the Republic. Northern 
Cyprus, and particularly North Nic-
osia, has a more limited range of 

options; if you need to overnight 
there, we recommend the cozy 
Cypriot Swallow Boutique Hotel, 
located just inside the old city walls.

As part of the European Union, 
the Republic of Cyprus uses the 
euro. The Turkish lira is the official cur-
rency in Northern Cyprus, although 
euros are also frequently accepted.

TC & LA

Indigenous grapes, including the 
white xynisteri and the red mara-
theftiko varietals, are cultivated, 
crushed and fermented to create 
some delicious and relatively inex-
pensive Cypriot wines.
Credit: Terri Cook and Lon Abbott

In the Troödos foothills near Paphos is an 
eerie village that was abandoned in the 
late 1960s following a powerful earthquake 
that damaged nearly all of the buildings.
Credit: both: Terri Cook and Lon Abbott
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