Oil

ECONOMIC AND GEOPOLITICAL
IMPORTANCE OF EASTERN
MEDITERRANEAN

GAS FIELDS FOR GREECE AND THE E. U.
EMPHASIS ON THE PROBABLE NATURAL
GAS DEPOSITS OCCURRING IN THE
LIBYAN SEA WITHIN THE EXCLUSIVE
ECONOMIC ZONE OF GREECE

ALAIN BRUNETON',
ELIAS KONOFAGOS?,
ANTHONY E. FOSCOLOS?

Abstract

Assessment of undiscoverable gas resources
of the Levant basin province using current
technology were estimated by the USGS (U.S.
Geological Survey) to be about 3.5 tcm (trillion
cubic meters) of gas. Already in the Israeli E.E.Z.
(Exclusive Economic Zone) an amount of 800
bcm (billion cubic meters) has discovered in
the fields of Marie B, Gaza Marine, Yam 1/ 2,
Levathian, Dalit and Tamar. Soon in the Cypriot
part of the Levant basin a well will be drilled in
the gas prone structural target “Cyprus A”. Due to
geological similarities with the near by Tamar gas
field an estimated amount of gas reserves around
300 bcm with a probability of 90% is expected to
be discovered while oil discovery of around 3
Bbl with a probability of 17% is anticipated

In the Nile delta and the E.E.Z. of the Cyprus
Republic USGS has estimated a natural gas
potential of 6.3 tcm, besides the 2.2 tcm of
gas and 1.7 Bbbl (Billion barrels) of oil already
discovered in the Egyptian E.E.Z. Out of the 6.3
tcm, roughly 3 tcm (according BEICIP/FRANLAB)
should be located within the E.E.Z. of Cyprus.
These estimated resources are comparable to
some other large gas provinces encountered in
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the world. In the same region, crude oil potential
reserves of about 1.7 Bbbl of oil and about 6 Bbbl
of gas condensate are also estimated by USGS to
exist.

Based upon existing geological similarities
between the portions of Herodotus Basin
located into the Cypriot E.E.Z. and the Egyptian
E.E.Z., possible recoverable natural gas reserves
ranging from 1 to 3 tcm have been suggested
by I.F.P. for the Greek portion of the Herodotus
basin. Furthermore expected recoverable gas
reserves south and southwest of Crete -where
a great number of mud volcanoes are active on
the Mediterranean Ridge still emitting gas with
simultaneous presence of gas hydrates- have not
yet been assessed. However it should be noted
that in the Nile Cone the presence of 7 active mud
volcanoes is accompanied with 126 gas fields
with proven reserves of about 1.8 Tcm. Similar
relations exist throughout the world As a result
Greece should proceed with extensive geological
studies and detailed geological surveys in order
to explore the existence of hydrocarbons offshore
south, southeast and southwest of Crete.

These very large hydrocarbon reserves, especially
those of natural gas found in the Eastern
Mediterranean can eventually alleviate the
anticipated energy deficit which Europe will face
by 2020.

Key words: Hydrocarbons, Mud Flow Volcanoes,
Crete, East Mediterranean



1. Introduction

The extensive utilization of new geophysical
exploration techniques applied in deep offshore
(drilling beyond 3,000 meters of water, 3D seismic
and reservoir characterization), paved the way in
developing and producing hydrocarbons in new and
promising areas of the Eastern Mediterranean and
more particularly in the ultra deep offshore of the
Herodotus Basin (Fig.1).

The portion of this basin, which lies within the E.E.Z.
of Greece (Fig.2), seems to have huge hydrocarbon
potential including probable large stratigraphic
traps and working petroleum systems ascertained by
D.H.1.’s (Direct Hydrocarbon Indications) on seismic
data, Beicip/Franlab, 2007, Montadert and Nicolaidis,
2007, Kassinis, 2008, Krois et al., 2010.

Recently, very important oil & gas field discoveries
offshore Israel were carried out in a geological
environment that most probably extends into Cyprus
offshore. In addition similar discoveries offshore Egypt
-especially in the Nile Cone adjoining the E.E.Z. of
Greece- strengthens the probability of discovering
similar accumulations into the Greek offshore.

Based upon published data, this paper makes a
short review of the hydrocarbon potential of the East
Mediterranean offshore areas and more particularly
in areas connected with the Greek offshore domain of
Southern Crete. More particular we will focus on the
potential of the Greek portion of the Herodotus Basin
and on other neighboring geological basins offshore
Crete.

2. Eastern Mediterranean Hydrocarbon Potential,
Herodotus basin and
Crete.

The physiography of the
Eastern Mediterranean
Sea is presented in Fig.3
Montadert et al., 2004.
In these areas discoveries
are reported in Egyptian
and Israel offshore areas
(USGS Technical Reports,
2010). Both oil and gas
were discovered and the
objectives are found at
several stratigraphic levels
(Peck and Horscroft,
2005). Peck, 2008, also
discusses in detail the
stratigraphy of the Eastern
Mediterranean basins
where large hydrocarbon
prospects or even giant
can be identified and
discovered.
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2.1 The Levantine Basin.

The Levantine offshore basin is located between
Egypt, Israel, Lebanon, Syria, Turkey and south east
Cyprus (Fig.4).

Several discoveries have been reported in the
offshore of Israel (Gardosh, et. al., 2008). Light oil in
the Middle Jurassic and gas in the Lower Cretaceous
was discovered in Yam Tetis field. Marie B gas field,
which was discovered by British Gas and is currently
operated by Noble Energy, produces about 300
MDMcf/day (million cubic feet per day) from 6 wells,
offshore facilities having a total production capacity
of 600MMcf/day. The Gaza marine field (Fig.5), has
1.4 tcf of proven reserves while the Tamar field is
reported to be a giant field with 8.4 tcf reserves and
a possible daily production of 1bcf (Noble Energy,
2010). The gas is said to come from Neogene sands
deposited in a turbidite environment. These turbidites
are inferred to be deposited by channel systems having
a NW-SE direction. This trend could reach Cyprus
blocks offshore in the South Eastern part (block12).
In this region, very recently, Noble Energy has made a
huge gas discovery 16.1 tcf (453 bcm) in the Leviathan
field, west of Tamar field and anticipates to discover
an additional 4.2 billion barrels of oil into deeper
horizons (Figs. 6 and14). In the Levantine Basin,
Noble Energy has achieved a discovery success rate
approaching 100%. This is attributed to the excellent
quality of seismic data. Processing of 3D reflection
seismic recordings was capable to identify the exact
geometry of exploration targets before drilling and
to assess the nature of the hydrocarbons (natural gas)
and the potential volume of the expected natural gas

Figure 1. Geotectonic map of Eastern Mediterranean and Greece, Hachette
literature generale, Paris, France, 1993.
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Levant which generate

Figure 2. Prospective areas for hydrocarbon exploration within the EEZ of Greece

discovery.

The USGS 2010 report estimates that the
undiscovered oil and gas resources of the Levant
Province (East Mediterranean), which includes the
E.E.Z. of Syria, Lebanon and Israel, to have (mean
estimates) 1.7 billion barrels of recoverable oil and a
mean of 122 tcf (3.45 tcm) of recoverable gas using
a geology based assessment methodology (Figure 7),
USGS, 2010.

2.2. The Eratosthenes Sea Mount. Emphasis
between Eratosthenes
Seamount and Herodotus
Basin.

The Eratosthenes Sea
Mount is thought to be a
detachedslabofthe African/
Levantine platform. The
lower geological section
was studied by the Ocean
Drilling Program Leg 160
in A. Robertson, 1998. A
seismic cross section west
of Eratosthnes Sea Mount
and Herodotus is presented
in Figs 8 and 9 (Montadert
et al., 2004).
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2.3. Petroleum systems,
play concepts and
hydrocarbon prospects.

The existence of source
rocks in Egypt and the
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oil, gas condensates and
gas can be extended into
the  offshore  Cyprus.
Petroleum systems were
active with mature source
rocks distributed in the
Mesozoic and Cenozoic
thick sedimentary sections
found in Levantine basin,
below the Nile deep sea
fan (up to 12 Km) and in
the Herodotus basin (from
12 to 18 km), according to
Montadert et al., 2010.
Seismic profiles show
many DHI’s (bright spots
and flat spots) which
have been mapped in the
Pliocene-Quaternary  of
the Nile delta sea in the
Herodotus basin  (Fig.
10). The presence of
bright and flat spots in
structural closures have been shown as attractive
exploration targets over the NEMED block (Fig. 11),
according to Kassinis, 2008. Similar features exist in
the Cenozoic on top of the eastern Cyprus arc. Gas
chimneys have been frequently observed (Figure 12),
and highlight the migration pathways of hydrocarbons
from deep structures into shallow reservoirs, creating
near surface gas pocks and sometimes, mud volcanoes
or pockmarks on the sea floor. The hydrocarbon
discoveries, mainly gas, made in the vicinity of
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Figure 3. Physiography of Eastern Mediterranean Sea. Black boundary delineation
by PGS survey, offshore Cyprus, Montadert et. al., 2007



than 62 tcf (1.75 tcm) of
proven reserves, Niazi, and
Dahli, 2004. A few oil fields
have also been discovered
in the Lower Cretaceous

(Mango/TOTAL)- (Fig.
15), according to Kassinis,
2008.

The petroleum system of
the Nile deep sea fan lying
in deep and ultra deep water
seems very promising. Shell
Company has just made a
gas discovery in its deep
NEMED block, Kg45-1,Kj
49-1andLa52-1, west of the
Herodotus basin, Northeast
Mediterranean (NEMED)
concession Phase 1&2,
2003 and reported a DHI

Figure 4. Main structural features of the Eastern Mediterranean, Montadert et. al.,

Cyprus, in the deep offshore of Egypt, Shell, Kj 45-1,
Kg 49-1, La52-1 (The wells were drilled by the Stena
Tay semisub in water depths of up to 2,400m a record
depth for the Mediterranean in 2003)' (Fig.13), and
the BP 2010 Hodoa well discovery, WSDW-7, as
well offshore Israel, Tamar and Leviathan, are very
encouraging. Noble Energy Company expects to
discover 300 becm of natural gas in Cyprus A field due
to geological similarities with the Tamar and Leviathan
hydrocarbon field, (Figure 14).
According to Semb, 2009
the oil and gas reserves
in the seas surrounding
Cyprus are estimated to
be between 1 to 1.5 tcm of
natural gas corresponding
to about 6 to 8 Bbbloe oil
equivalent.

2.4. Nile Delta
Petroleum System

The Nile Delta
corresponds to a very
thick clastic wedge of
prograding sediments
dated Paleogene to actual.
The sedimentary thickness
may exceed 4,000/5,000m.
The Miocene and Pliocene
sands reservoirs have
produced a large amount
of gas: 3.8 billions boe
reported in 2000 and more
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in the Pliocene interval
(Figs 10 and 11), according
to Semp, 2009. Shell has
forecasted reserves in the
NEMED area of 15 tcf of gas and 4 bbloe (Egypt the
Western Desert and offshore, The Free library, 2010).

The undiscovered oil and gas of the Nile Delta Basin,
Eastern Mediterranean has been assessed (mean
estimate) by USGS, 2010, using a geology-based
assessment methodology, at 1.8 billion barrels of oil,
6 billion barrels of natural gas liquids and 223 trillion
cubic feet (6.31 tcm), according to USGS fact sheet
2010. The assessed province, which includes part of the

Figure 5. Natural gas deposits in the EEZ of Israel, Southern Levantine Basin,
Noble Energy, 2010
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Greek Herodotus basin,
encompasses 250,000
square kilometres of the
Eastern Mediterranean
(Fig.16).

The Nile Cone, assessed
units (AU) is thought to
be sourced from thermally
mature Neogene deltaic
source rocks, but also
there might be a significant
biogenic gas component
(Vandre et al., 2007) . The
Nile Cone contains 2 oil
fields and 126 gas fields.

2. 5 Herodotus Basin
Potential

The boundaries of the
Herodotus basin are the
EgyptianshelfandNiledelta
in the South, the Qattara
Eratosthenes fault to the
East, the Mediterranean
Ridge to the West and the
Florence ridge to the North. The water depth ranges
from 1,000m to more than 3,000m (Woodside et al.,
2002; Montadert et al., 2010). Therefore most of the
area corresponds to deep or ultra deep exploration.
Sections presented by BEICIP/FRANLAB (Fig.17)
show a thick Pliocene and thick Messinian evaporates
(Biju-Duval, et. al, 1978). Surveys using Large
Beam Sonar (Swath survey) indicate a large system
of channels coming from the upper Nile delta and
feeding the deep large fans and the turbidite lobes in
the Herodotus basin (Figures 18, and 19).

More recent seismic shot in Egyptian waters by
Veritas show the presence of large turbitic channels
and lobes of more than 10 km in both Miocene and
Pliocene sections revealing the possible existence
of giant hydrocarbon fields (Niazi and Dahli, 2004).
A section presented by Semb (Semb, 2009), shows
very strong DHI’s which demonstrates that Pliocene
reservoirs above salt dome structures are charged
by hydrocarbons. The probability to discover gas at
this depth is higher than oil but the modelling study
presented in the Abdel Aal et. al., 2000, publication
concerning their deep MEMED block allows deducing
that in the same stratigraphic intervals and greater
water depths the potential exists for both oil and gas to
be present. Many analogs of hydrocarbon generation
and trapping in such deep and evaporitic basin can
be presented: Mexico Gulf, Mauritania, Equatorial
Guinea, Brazil (Krois et al, 2009). Recent work on

! Shell back for Egypt Deep, 2005, Africa Oil and
Gas volume 8, issue 24, page 4
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Figure 6. Exploration discoveries within the EEZ of Israel and Cyprus,
Noble Energy, 2010.

the Deepwater province of Northwest Egypt which
was carried inside the Greek portion of the Herodotus
basin confirms its high hydrocarbons potential through
numerous tectonic and structural traps (figs 20 and
21), according to Krois et. al., 2009.

The last figure shows many specific structural
and stratigraphic traps and demonstrates that the
Herodotus basin has a high potential. Geophysical
surveys by TGS-NOPEC inside the Greek Herodotus
basin, Fig.22 (GR lines), should be bought soonest
by the Greek Government in order to study further,
confirm the hydrocarbon potential of the basin and
expand further non-exclusive seismic surveys in the
region.

Greek Herodotus basin (Fig.23) is worth exploring.
The potential of the northern part of the Herodotus
basin resting at the front of the Florence Ridge remains
more hypothetical because it is located far from clastic
sources.

2.6 Mud Flow Volcanoes of Southern Crete, Olimpi
and United Nations Rise, and their Implications for
Hydrocarbon Exploration

Subsea or under water mud volcanoes, sometimes
called hydrocarbons volcanoes are important visible
sign of gas sources feeding surrounding possible
reservoir sedimentary formations. Mud volcanoes are
geological formations which are created by the expulsion
of pressurized gases and mud. They are encountered
in tectonically subduction zones and orogenic belts
and upon venting they create the hydrocarbon
clathrate hydrate which are very often associated with
hydrocarbon deposits (Wikipedia, Link, 1952, Jones
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Figure 7. The Levantine Basin with its recent oil and gas discoveries.
Assessed potential for further discoveries of natural gas 122 tcf
and oil 1,7 billion barrels, USGS Technical Report, 2010
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Figure 8. Regional cross — section from the Levantine basin to Herodotus
Basin through the Eratosthenes Bank. Montadert and Nikolaides, 2007.
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Figure 9. West Eratosthenes to Herodotus sub-basin and high, Montadert and
Nikolaides, 2010
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Figure 10. Direct Hydrocarbon Detection (DHI) seismic flat spot tested by
Shell’'s successful Well Kg 45-1B in the Egyptian Nile Cone, Semb, 2009,
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D in offshore Cyprus. These DHIs are believed to occur in the same
interval as in Shell's discovery in the North Western Nile Cone,
Figure 12, Semb, 2009
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Figure 11, Seismic flat spot and two bright spots identified in the PGS 2-

and Drozd, 1983, Rakhmanov, 1987).

The correlation of hydrates with gas venting mud
volcanoes is ubiquitous on earth, Milkov, 2000
(Dimitrov, 2003, Milkov, 2005 Akesson 2008,
Etiope, 2009). The association of mud volcanoes and
gas hydrates is found in the Gulf of Mexico and the
Caribbean (Milkov, 2000; Bertolini et al., 2003), in
Azerbaijan (Etiope et al., 2004), Caspian Sea (Guliev
et al., 2004, Yusinov and rabinowitz, 2004), Lake
Baikal (Samsonov et al., 2009), the Western Basin of
Africa (Graue...), Black Sea (Bohrmann ...), Calabrian
Arc, gulf of Gadiz and Sorotkin Trough (Foucher ...),
as presented in Figs 24 and 25. Work by Praeg, et al.,
2007 shows the extent of Mediterranean gas hydrates
areas and the relevant pay zones thicknesses (Fig. 26).
Such an association between mud volcanoes, Figures
27 and 28 (Dupre et al., 2008), and gas fields is found
in the Nile Cone, Figures 29 and 30 (Rigzone, 2010,
Neftegaz Ru, 2010).

In southern Crete the existence of active mud
volcanoes has been also the subject of an intensive
research by many scientists (Cita, et., 1981, Camerleghi,
et. al., 1992, Limonov, et al., 1994, 1996, Chaumillon,
et. al., 1996, Cronin, et., al., 1997, Huguen, et. al.,
2004, 2006, Loncke, et.al., 2004, Costa, et. al., 2004,
Haase et. al., 2006, and many more). According to
Huguen et al., 2004, there are 2 fields with mud flow
volcanoes: the Olimpi with 7 volcanoes (Figs 31 and
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32) and the United Rise with 2 volcanoes (Fig. 33). In
addition there are smaller fields such as Prometheus
I1, Pan di Zucchero and Cobblestone (Fig.31).

The volume of gas expelled only from the Olimpi
field has been estimated to range between 1.68 x 106
m?/year to 2.85 x 107 m3/year, Kopf 1999. Since the
age of the 2 volcanoes within the Olimpi field, Torino
and Napoli, is estimated to be over a million years
(Robertson and Kopf, 1998), a rough estimate of the
expelled volume of gas can be calculated. This ranges
from 1.68 x 1012 m? to 28.5 x1012 m3. Part of it is
converted to hydrate.

Based upon the existence of numerous active mud
volcanoes, thermogenic pock marks and/or mounds
(Figs 34 and 35), Loncke et al., 2004, have proposed
the potential pre-Messinian source rocks/reservoirs
for the mud cones as well as the pre-Messinian source
source rock/reservoirs for the gas chimneys. Roberts
and Peace, 2007, have shown satellite pictures where
gas bubbles (literally millions of bubbles) derived from
the activity of mud volcanoes upon reaching the sea
surface burst and the oily film which surrounds them
collapse onto the sea surface. All these small oil films
combine together to form an oil slick that calms the
waters (Fig.36).

Both, Olimpi and United Nations mud volcano fields
are located on the down slope of the Mediterranean
Ridge towards Crete (Figure 34) where the sedimentary
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cover thickens to more than 10 Km (Makris et. al.,
2011). The origin of these thick sediment deposits is
discussed in details by Dornsiepen, et. al. 2001.

From the above is more than obvious that a
correlation between active mud volcanoes and
hydrocarbon reservoirs is an established fact. As a
result of the existence of many active mud volcanoes
south of Crete, over 9, hydrocarbon reservoirs should
exist as is the case with the Nile Delta Cone, Caspian
and Black Seas. Hence the hydrocarbon plays and
prospectivity of the Mediterranean Ridge should
be investigated, especially after the work done by
Maravelis et. al., 2011. The areas worth exploring
south, southwest and west of the island of Crete, are
indicated by Maravelis et al., 2011 and the authors
(Fig.37).

3. Geopolitical Implications from the Existence of
Hydrocarbon deposits in the Eastern Mediterranean
and Southern Crete. Their importance to the Energy
Independence of the European Union.

By 2020 the European Union will be facing a serious
energy shortage not only because oil production
will decrease dramatically but also because Russia
and North Africa will not be able to satisfy the ever
increasing demands in natural gas. This gap could be
easily counterbalanced from the newly discovered
hydrocarbonreserves (proven and potentially existing)

from the Eastern Mediterranean and offshore Crete.
Specifically:

A. Crude Oil. Crude oil production has been steady
at 86 million barrels/day since 2005 (Figure 38). From
this amount only 42 million barrels /day is currently
available for export (Figure 39) and this amount is
steadily dropping.

In 2005 the exported amount was 46 million barrels/
day which means that the producing countries have
increased their internal consumption. From the
exported amount, USA, China, Japan and currently
South Korea absorb 25 million barrels/day, BP
Statistical Review of World Energy 2010. Europe
requires 11 million barrels/day besides its own
production of 3,5 million barrels/day. Hence the
remaining World has to satisfy its needs with 6 million
barrels/day. This explains why the price of crude oil
hovers around $115/ barrel.

According to IEA, 2009, in 2020, the daily global
oil production is expected to fall to 65 million barrels,
Fig.40 and Fig.41, this amount could not satisfy the
E.U. crude oil daily needs taking into account that the
free trade availability will amount less than 25 million
barrels daily, an amount that could not even cover the
needs of the U.S., China, Japan and India altogether.

So Europe by 2020 will not be able to find the much
needed extra 11 to 12 million barrels of oil per day and
the countries which will suffer the most are Portugal,

Figure 12. Large anticline on the toe of deep Nile delta fan with Messinian low-
stand delta clastic sand faulted pre-Messinian. Gas chimneys are
highly visible, Montadert and Nikolaides, 2010.
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Figure 13. Distribution of oil and gas Fields and Discoveries in Eastern
Mediterranean. Of interest are the 2 gas fields discovered by Shell, due to their
proximity to the Greek and Cypriot Herodotus Basin. BEICIP/FRANLARB, 2007
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Leviathan, 455 billion M® and the anticipated Cyprus A, with 300billion M®, Noble
Energy, 2010
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Figure 15. Hydrocarbon discoveries in the Nile Cone and Southern
Levantine Basin, Kassinis, 2008

Figure 16. Location of four assessment units in the Nile Delta Basin Province in
the eastern Mediterranean. (Map not definitive for political boundaries.) USGS
image. A+ B, Potential 223 trillion cubic feet of natural gas(6.31 trillion M3). C,
Potential 122 trillion cubic feet of natural gas (3,45 trillion M3).

USGS Assessment 2010.
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Figure 17. Cross-section in Herodotus Basin and across Cyprus arc, Biju-Duvar.
et al., 1978

Ireland, Italy, Greece and Spain (PIIGS), de Souza,
2010. The total amount of oil needed per year is more
than 4 billion barrels of oil which is equivalent to 620
billion cubic meters of natural gas.

B. Natural Gas. The amount of natural gas consumed
every year by the European Union amounts to 500
becm (Figure 42). Almost half of its consumption
is imported from Russia, 160 bcm and 90 bcm are
imported from North Africa especially Algeria &
Libya (BP Statistical Review of World Energy 2010).

By 2020 the demand for natural gas in Europe will
increase by 225 bcm (Fig. 43). Hence, the total energy
deficit (oil + gas) of EE, expressed in billion cubic
metres of natural gas per year will reach 845 becm.

This demand in natural gas can not be satisfied by
either Russia, (which has 44 trillion cubic meters of
natural gas resources and an annual production of 600
billion cubic meters), because 2/3 of the reserves and
the production are allocated for domestic uses, nor
by Algeria and Libya because the reserves amount
to 6.2 tcm (BP Statistical Review of World Energy
2010). However, this extra demand can be satisfied
from the newly discovered and the expected natural
gas resources in the East Mediterranean and the
offshore south of Crete basins as estimated by the U.S.
Geological Service and BEICIP / FRANLAB-IFP,
France.

According to USGS Technical Report 2010, besides
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the already discovered natural gas deposits in Egypt
and Israel, which is around 3 tcm, there is a 50%
potential to discover an additional 9.5 tcm of natural
gas in the Nile Cone and in the Levantine Basin plus
an amount of at least 1.3 tcm of natural gas offshore
(Cyprus, Semb, 2009).

This brings the grand total of proven and potential
reserves, not counting the probable reserves in the
Greek Herodotus Basin and those existing in offshore
southern Crete, to over 14 tcm (494 trillion cubic feet)
of natural gas. This amount is 12 times more than what
Europe expects to have from Azerbaijan (1.2 tcm) via
the Nabucco pipeline.

If we subtract 3 tcm in order to satisfy the internal
needs of Egypt, Israel and Cyprus over the next 30
years, the remaining amount of 11 tcm could cover
E.U. ever increasing needs by 2020 for 35 years.

The export of the southeastern Mediterranean
natural gas surplus already found in the region is
possible with ships that could carry compressed
natural gas (CNG) loading it directly from offshore
field floating production systems. The cargo can be
unloaded either in Greece and then transfered towards
the wider gas European market. In the medium term
an onshore gas liquefaction plant (LNG) -for example
in Cyprus- could be built allowing ships to transport
LNG to Europe. In the long-term following further
offshore discoveries in the region, together with a
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Figure 18b: Color contoured bathymetry showing
growth faults belt, channels, mud circular depressions

Figure 18. Sea bottom images from Nile Delta, Mascle, et al,. 2006.

Figure 19a: Pliocene
turbiditic system
deposition

Figure 19b: Messinial
canyons and Plio-
Pleistocene turbiditic

system

Figure 19. A. Pliocene turbidite system deposition and B. Messinian
canyons and Plio- Pleistocene turbiditic systems, Abdel Aal, et.
al., 2000
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Figure 20. Location of the OMV study (Obaiyed offshore) inside the Greek
Herodotus Basin, Dotted arrows are TGS-NOPEC (GR) Lines. Krois, et. al.,
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Figure 21. Herodotus Basin with 7 tectonic and structural
hydrocarbon traps, Krois et al., 2009
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Figure 23. Potential hydrocarbon areas offshore Cyprus and the Greek Herodotus
Basin, after IFP (Institute Francais du Petrole), Bruneton et al., 2009?77 Overview
on the Hydrocarbon potential of the East Mediterranean Deep Offshore:
Perpectives for Greek exploration, BEICIP/FRANLAB, 2007.
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Figure 24. Global distribution of mud volcanoes. 1 Single mud volcanoes,

mud volcano belts and separate mud volcano areas. 2. Sediment thickness
in the area out of the continental shelves a) 1-4 Km, b) >4Km 3. Active

compressional areas 4. Subduction zones. Dimitrov, 2003, Akesson, 2009

possible development of giant shale gas reserves
located in the area of Shefla onshore Israel, the ability
to build 2 or more pipelines to transport natural
pipeline from Haifa, Israel via Cyprus, Crete and the
western Greece to Italy & E.U. could easily take place
(Fig.44).

4. Conclusions.

4.1 In this paper the existing hydrocarbon resources
andexploration activitiesin the Eastern Mediterranean
particularly in the Nile Cone and offshore Israel and
Cyprus has been presented.

Further exploration and production opportunities,
could follow in offshore areas between Cyprus and
Israel, Cyprus and Lebanon, Syria, Egypt, Libya and
Crete.

4.2 The Eastern Mediterranean is attracting
international interest in hydrocarbon exploration and
production investments based on recent giant natural
gas discoveries of about 3 Tcm. According to 2010
USGS reports, an additional 9.5 tcm possible natural
gas reserves in the Nile Cone and Levant Basin could
be present along with another potential of 1,3 tcm
offshore Cyprus (Semp, 2009).

4.3. Due to the recent natural gas findings by Shell
and BP in areas adjacent to the Greek portion of
the Herodotus Basin and the active exploration
taking place in the Cypriot portion of the Herodotus
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basin, as well as the recent publication by Krois et. al.,
2009, where cross sections inside the Greek Herodotus
basin indicate the presence of hydrocarbon reservoirs,
the Greek government should investigate its potential
by acquiring from TGS-NOPEC all the geophysical
survey lines, tagged as GR lines.

4.4. The existence of active mud volcanoes in
southern offshore Crete is a very serious indication
of hydrocarbons presence and possible petroleum
systems in this region. This is the case throughout the
world eg. the Caspian Sea, Gulf of Mexico, Western
African Basin, Trinidad-Tobago and the Nile Cone
where active mud volcanoes are strongly correlated
with the presence of hydrocarbon deposits. The
acquisition of exploration data south and around the
island of Crete is absolutely necessary and urgent in
order to further evaluate the presence of a working
petroleum system with reservoirs, seals and structures
in the region.

4.5 The necessity to export surplus natural gas to
Europe requires either the building of CNG or LNG
ships or the construction of a pipeline(s) which will start
from Haifa, Israel or Limassol Cyprus (Transeuropean
Natural Gas Pipeline). Due to the expected possible
enormous quantities of natural gas to be discovered in
Eastern Mediterranean this pipeline(s) could be more
economical than the proposed Nabucco pipeline which
will carry Azeri natural gas, (around 1 tcm), to Europe.
This development will benefit Greece immensely
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Distribution of Mud Volcanoes in the

Black Sea and the Mediterranean
Foucher, J. et. al., 2009. v. 22, Number 1. Quarterly
Journal of the Oceanographic Society.
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Figure 25. Distribution of Mud Volcanoes on the Black Sea anf the
Mediterranean, Foucher, et. al., 2009
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Figure 26. Hydrate thicknesses in the Mediterranean Sea, Praeg et. al.,
2007

OPYKTOZX INMAOYTOZ/MINERAL WEALTH 160/2011 23



[ o e T

= — Frasaci-dey pladfenm bowndary (Lonchme, 20002}

e
L T ey —
= @ Aress ssphimd with e Maulie sulemerside [ 2003] L 0125 150 500 4
AW Lrnbad aress saploresd with tha Quasr DOV snd the Asrer® ALY {008 =

Figure 27, Active Mud Volcances in the Nile Cone, Dupre, ot. al,, 2008
Flgure 28, The Amon mud volcano in the Nile Cone, offshore Egypt
+ Dupre, ot. al,, 2008
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Fl-n:naﬂ. Location of Active Mud memhmum natural
gas deposits in the Nile Cone. offshore Egypt. Figures 27 and 29

Figure 29, Oistribution of natursl gas ressrvolrs offshore Egypt, Neftegas, EU, 2010
Rigzone, 2010

Figure 31. Morph | sketch of the Medit Ridge (MR} {modified % i

Cronin ot al., 1‘:;1'“',_ :u:mjm of tha p,;::’ 2 (Fobruary 1388) track “M'::a of Figure 32. Mud Volcanoes offshore Southern Crete. Backscatter data 7

the sludy area ane indicated. Huguen ol. al, 2004 Marine Geclogy rimposed on 3D seafloor relief view of the Eastern
Olimpi field. Huguen et al., 2004, Marine Geology 209: 245-263
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Figure 33, United Mations Rise Mued Volcano field offshore southern Crete,
Backseatter data superimposed on oblique 30 bathymetry seafloor rolief of the
United Notions Rise feld,
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Figure 35. Active Mud Flow Volcanoes (brown triangles), Gas chimneys (brown
discs], Thermogenic Pockmarks and Mounds offshore Southern Crete. The pre-
Messinian source rocks! reservoir for the musd cones. (brown), ane highly visible
a5 wall as the mservolrsource for the gas chimneys (light brown], ane also visibbe,
Loncks of al., 2004,

Figure 37. Areas for hydrocarbon exploration west and south of Crate.
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Figure 34. Interprotative 30 tectonic sketch of the Central Meditorranean
and the Olimpi and the Southern Belt mud fields. Two different source lovels are
proposed for the two mud Aelds, the Olimpl Neld being related to relativaly
shallow mud formations, with high fluld contents and the Southern field being
connecied 1o deeper mud sounces with lower Nuld contents, Huguen, et al., 2005

Figure 36. Ol films resulting from escaping gas bubbles which are coated
with oil. Gas bubbles are derived from Active Mud Valcanoes,
In offshore Nile Cone, Egypt. Picture taken from sateliites.
Foberts and Peace, 2007
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Figure 43. Actual Natural Gas Consumption betwesn 2001 and 2009 of the
Eurcpean Unien, Forecast Supplies and Consumptiom towards 2020,
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and could open the way for starting hydrocarbon
exploration in Southern Crete, the Western Greece
and the Ionian Sea.
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OIKONOMIKH & I'EQITOAITIKH ZHMAZIA TQN KOITAZXMATQN ®YZIKOY AEPIOY THZ
ANATOAIKHZ MEZOT'EIOY I'TA THN EAAAAA KAI THN E.E. - EM®AZH 2TA ANAMENOME-
NA KOITAZMATA TOY AIBYKOY I[TEAATOYZ IIOY BPIZKONTAI ENTOX THZ EAAHNIKHX

AITOKAEIZTIKHXZ OIKONOMIKHX ZQNHX (A.O.Z.)

Bruneton, A'., Kovogdyog, H.2, dwonoiog A3

INEPIAHWH

Me Bdon TNV VITAQYOVoa TEXVOYVWOIO N EXTIUN-
on TV TOovOV oTtofed TV QUOLKOV aeQlov TNG
Aexdvng tov Agfdvte avéQyetal, ®atd v 'ewho-
yun Yaneeoia twv HITA, og mepimov 3,5 Towg M3.
"Hon otnv Amoxherotiny Owovownny Zaovy (AOZ)
tov IogamA wa mwoodtnto Twv 800 Alg M3 @uot-
®0V aetov €yxel avorolvgbel ota medio Marie B,
Gaza Marine, Yam !4, Levathian, Dalit xouw Tamar.
ZUvroua, oto Kumolond tuquo g Aendvng tou
Agpavte Ba yivel wio yemTonomn yuo Ty avordiuym
HOL TNV EXUETAAAEVON TOV OTOYOV OTO OVTIXALVO
Cyprus A. AOym TG YEWAOYLXNS OUOLOTNTACS UE TO
YELTOVIXOG Tedio puonov aeplov Tamar, exTiudToL
Ot O uwoovoe va. eQurhelel arTOBena UOLHOY
aeplov Tng TEENG, TovAdylotov, Twv 300 Awg M3
O VITOQENC ATTOBEUOTOS 0QYOV TTETQEAOLLOV, UE TTL-
Bavotnta 17%, g TAENS TV 3 ALg PoQeAMV

Emiong, xatd to U.S.G.S., 10 mOVE noL TEXVIRMDG
QTOMPPLUOL, UE TLS ONUEQLVES TEXVOMOYiES, QTTOOE-
UaTo. UoLXov aelov Tng Kumoromng Aerndvng tov
Hpodd10v %0l Tov nwvov Tov Nelhov extiunonxay,
o€ 6.3 Tolg M3, méoav TV PELULMUEVODV HOLTAOUA-
TWV QUOLKOV 0EQLOV, TNG ALYVITTOV, JTOV OVEQYO-
vtal o€ 2.2 Tolg M3 ®aL Tov aQyov meTeelaiov Tou
avégyovtal oe 1.7 Alg. Paoéhia. Emiumooobétmg,
otnv oLa egLoyn extindral, xotd 1o U.S.G.S., 611
VITEOYOVV OTTODEUATA 0QYOV TTETQEALOV TNG TAENS
TV 1,7 Ag POQEMDV KOl CVUTULVOUOTO CEQLYV
VOQOYOVAVOQAXM™Y NS TAENS TV 6 ALG POQEALMV.
To mhavA ®o TEYVIXWS OTTOMPPLUO UE TLS OMUE-
OLVEG TEYVOLOYIES AITOBEUOTO (PUOLKOV CLEQLOV TTOV
vdoyovv otnv Kumoromn Amonhelotiry Owwovo-
un Zavn, avéoyovrol ovugwvo ue tmv BEICIP/
FRANLAB ot to IFP (Institut Francais du Petrole)
oe megimov 3 Tolg M3.

To TOAVA, 1oL TEYVIXMOS OTTOANPLULAL UE TLS OTUE-
OLVEG TEXVOLOYIES, ITODEUATO PUOLXOV 0EQIOV TTOV
evplonovtal 0To TWUO TNG Aendvng Tov Hpoddtov
OV evTomileTol evidg TNG ATAXTOTOINTNG axOUN

"' tpomv A/ving T'eoeuoikcdv Epevvav, Beicip — Fran Lab S.A.

EMvixng  AoxAelotixng  Ouovoulxng  Zwmvng
(E.A.0.Z.) extipvrot, oo 10 IFP -AOym g yew-
AOYLXNC OUOLOTNTAC UE TO TUNUOTOL TNS AELAVNC TOV
Hood6tov mov folonovrar otnv Kvmoroxn & tnv
Avyvrtiomn AoxrAelotixy) Ouwrovoulxt) Zovn- oe 1
¢ng & 3 Toiwg M3. Ta mBava %o TEXVIXMS OITOo-
AMPLUOL UE TIC OMUEQLVES TEXVOLOYiEC armobéuata
PLUOLXOV 0EQLOV TTOV EVRIOKOVTOL VOTLMWG KOL VOTL-
odvtrd g Kontng xou evidg tng E.ALO.Z., dmov
VITdOYEL TANO0C AQOTTON@OLOTELWY TTOV eXAVOVV
PUOLKO 0EQLO UE TAVTOXQOVY TTaEOVGia oto Fubd
VOQLTWV 0T ONUELD. CVUPBOMIC ™S AQOURAVIXNG
IIAGxoc pe v EAAnvinn, dev €xovv axdun exti-
undei. Znuetcdvovue 0tL otov Kwvo tov Nelhov n
VITAEEN 7 AAOTTONPALOTELWY GUVOOLVETOL OTTO 10T
OVOXOAMVPOEVTA 126 XOLTAOUOTO (PUOLXOV OEQLOV
ue oITodedELYUEVA OTTOOEUOTA TTQOG EXUETAALEVON
1,8 Toig M3. Mg Bdon avty v ovaroyio Aoorton-
POLOTELWV/PUOLHOV aeQiov éva amdBena g TAENC
tov 1,5 Tog M3 @uowov aeglov yuow amd to Ao-
omongaiotela g Kontng eivor tohv mbavov. Me
oedouévn 0e autn TNV TEOYUOTOTNTA B0 €Qere
Nnom M EALGOQ va. elye TTQOYmONOEL 08 EVEQYELES TTOV
B0 eTETQETOV TNV TTQOYUOTOTTOINOY EXTETOUEVV
YEWPUOLLDV KOL YEWAOYIHWDV UEAETDV TOV ALBUKOV
ITeldyovg (VOTLO, VOTLOOVATOAXG & VOTLOOUTIHA
™™g Konme) ta otolyeio Twv omolmv 6o uwooov-
oav va, aELoAoynBouv dueoa artd Eéva n/xor EAA-
virnd Idouuata.

AVTd T0oL TTOAM peydha artoBéuato vOQOYOVaV-
Bodxwv, ®VOILWS PLOKOV 0EQLOV, TOV VITAQYOVV
otV AvaToAlx) Meooyelo UItoQouv TeMKE UECO-
UOXQOTTQOBECO VO AVOOUV TO TEQAOTLO EVEQYELOXO
EMAELUUOL OE 0QYO TTETQEAOLO AL (PUOLLO CLEQLO TTOV
VITAOYEL KO TTQOPAETETAL CVVTOUD VO OLVTLUETWIT(-
oeL 1 Evowmatky ' Evwon mouv 1o 2020.

AéEeig KAetdud : Yopoyovavhoareg, Aaomonpal-
otela, Konrn, Avatodixt Meooyeiog

2 pdmyv A/vtig ['Epevvag & Tlapaywynig YdpoyovavBpdkwv, EXinvikd [etpéhona (EA.TIE.) A E., avturpdedpog tng etorpiog Flow

Energy A.E.
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