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Використано частотно-резонансну технологію для обробки і декодування супут- 
никових знімків ліцензійних блоків 9 і 11 у Східному Середземномор'ї. У досліджу
ваному районі виявлено аномалії типу "нафта і газ". Супергігантське газове родо
вище Зохр зумовлює чітку аномалію площею 251 км2. Цій аномалії відповідає на
явність каналів вертикальної міграції глибоких вуглеводневих флюїдів і горизон
тальний градієнт пластового тиску в резервуарі родовища. Вперше запропоновано 
використовувати ці дві характерні особливості як індикатори рентабельності перс
пективної структури. На їх основі для розвідувального буріння було рекомендова
но кілька аномалій типу " нафта і газ" у блоках 9 і 11. Наявна інформація не дає 
змоги розглядати перспективну структуру Онісіфор як рентабельне газове родо
вище. Силіцикластична і карбонатна моделі розвідувальних робіт однаковою мірою 
ефективні у єгипетській, кіпрській та ізраїльській ексклюзивних економічних зо
нах. У них абіогенний метан є основним компонентом газу, що піднімається до па
сток з глибших шарів. Вибір оптимального місцеположення буріння потребує між
дисциплінарного підходу.

Ключові слова: конус виносу Нілу, басейн Левіант, декодування супутникових 
знімків, класифікація перспективних структур, походження вуглеводнів.

Introduction. The Eastern M editerrane
an is one of the w orld 's m ost attractive are
as for hydrocarbons exploration due to n u 
m erous gas fields and discoveries (Fig. 1 ) 
and an acceptable rate of drilling success 
[Gardosh, 2016]. The USGS estim ated tech 
nically recoverable gas reserves at about 6 . 2  

and 4.0 trillion cubic m eters (TCM) in the 
Nile D elta Basin Province and Levant Ba
sin Province, respectively [Kirschbaum et al., 
2010; Schenk et al., 2010]. The total reser
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ves of 10.2 TCM  are enough to supply  the 
worldwide consum ption for about 2.5 years 
at a mean rate of expenditure in 2014—2016 
[BP Statistical ..., 2017].

Based on the results from the Abu Ma- 
di, El Temsah, H a'py, Roseta, Roven, Atoll 
(Egyptian EEZ), Tamar, Leviathan, Dalit, 
Dolphin, Noa, Tanin, Pinnacles and Karish 
(Israeli EEZ) gas fields, exploration targeted 
O ligocene-Pliocene siliciclastic plays in the 
EEZs. The biggest Egyptian Atoll field con
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Fig. 1. Location of the hydrocarbon fields and discoveries of the Egyptian, Israeli and Cypriot EEZs in 
the Eastern M editerranean [Kirschbaum et al., 2010; Esestime et al., 2016]. 9 and 11 are num bers of the 
Blocks 9 and 11.

tains 42 billion cubic m eters (BCM) of gas 
and 4.3 billion m etric tons (BMT) of con
densate [Atoll ..., 2016].

In 2015 the supergiant Zohr gas field was 
discovered w hose probable reserves are 845

BCM. As gas is concentrated  in the Early 
to M iddle M iocene coral reefs at the base 
of the thick carbonate platform  in the Egyp
tian EEZ, the exploration programmes of this 
field discoverer w ere increasingly  shifted

T a b l e 1. Major gas fields in the siliciclastic reservoirs [Ellinas et al., 2016; Atoll ..., 2016]

Fields
Probable 

reserves (BCM, 
BMT)

Discovery date Status

Aphrodite (gas) 128 2011 Pursuing gas sales
Tamar (gas) 280 2009 Producing

Leviathan (gas) 620 2010 Pursuing gas sales
Zohr (gas) 845 2015 Pursuing gas sales
Atoll (gas) 

(condensate)
42
4.3 2015 Start of production, 2018
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towards searching for large lim estone b u 
ild-ups in the Levantine platform  in the area 
south of Cyprus where the M iocene paleo- 
lagoons are w idespread. After intensive seis
mic cam paign an inference was m ade that 
in the Cypriot EEZ th e re 's  a similar to the 
Zohr type hypergigantic reserve which is es
timated as, at least 5 times, greater than  Zohr 
[C onophagos et al., 2016]. C onsequently , 
the carbonate build-up was drilled by Oni- 
siforos W  -1 well in the B11, ju st near the 
Zohr field. Drilling the well was com pleted 
(September, 2017) w ith the shocking results 
[Paraskova, 2017]. The Onisiforos gas field 
is not com m ercially viable because its re 
serves are ca.14 BCM tha t is 60 tim es less 
than  in the Zohr field. N evertheless, C ypri
ot Energy M inister Giorgos Lakkotrypis con
siders the results encouraging  because they

confirm the w orking of the geological model 
of Zohr tha t m akes it possible to continue 
exploration activity in the frame of this con
cept. However, the only way to minimize ex
ploration risk is to include direct m ethods 
of hydrocarbon prospecting  into m ultidis
ciplinary geological-geophysical works.

The aim of this investigation is to perform 
the case study from the Zohr field (Egypti
an EEZ) w ith use of the frequency-resonan- 
ce technology (FRT) for processing and d e 
coding the satellite im ages and to apply re
sults to recom m end sites for exploration dril
ling in the Blocks 9 (B9) and 11 (B11) of the 
Eastern M editerranean  Sea.

Material and method. The geological sketch 
of the Zohr field was based on the in terpre
tation of the seismic line (Fig. 2, a , b ). The 
field is the b iggest in the Eastern M editer

Fig. 2. Seismic line across the Zohr gas field (a) and its geological sketch (b) 
[Esestime, 2016; Gardosh, 2016].
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ranean. It is situated  at a w ater dep th  of 
1450 m near Egyptian-Cypriot limit of the 
EEZs [Esestime et al., 2016]. The explorati
on well was drilled to 4131 m. The s tructu 
re occupies 1 0 0  km 2  w ith the thickness of 
gross gas colum n of 628 m. The gas reco
verable reserves are 845 BCM . The field 
reservoir is a porous carbonate bu ilt-up  of 
the Early to M iddle M iocene age at the ba
se of a th ick sequence of M essinian evapo- 
rites w ithin the Levantine Platform. Gas is 
suggested  to be biogenic m igrated from Ce- 
nozoic source rocks, which are sealed by the 
M essinian Evaporitic complex.

The proprie ty  FRT is used  for p ro ces
sing and decoding the satellite im ages of 
the B9 and B11. Its various aspects are d e
scribed in a num ber of publications, inclu
ding [Levashov et al., 2011, 2012, 2017a]. 
H ere are only the basic principles for the 
concept of d irect hydrocarbon search and 
exploration to get a clear idea of it w ithout 
addressing other sources.

The novel technology is based  on the 
generally  accepted  fact tha t each kind of 
molecules has own strict resonance frequen
cies of electrom agnetic field radiation [Hed- 
vig, 1975]. The frequency of any m atter is 
governed by the chem ical com position and 
m olecular structure or spatial lattice of m a
terial. This phenom enon is tested  by expe
rim ents in laboratory. O ne of the num ero
us exam ples is p resen ted  in Table 2.

An accum ulation of hom ogenous m ate
rial creates a characteristic frequency of elect
rom agnetic radiation w hose intensity is p ro 
portional to the am ount of m aterial. At the

Earth 's surface the m odulated  signals of a 
characteristic frequency contain proper in 
formation on the structure, quantity and com
position of the m aterial which after discri
m inating can be used to uniquely  identify 
m atter of in terest. The carrier signals are 
m odulated  by low frequency electrom agne
tic and seism o-m agnetic signals of the litho- 
spheric origin including those from hydro
carbon fields [Shuman, 2007]. A techn ique 
of determ ining reservoir pressure was deve
loped by experim ents on the know n hydro
carbon fields. A new term inology was in 
troduced  to  classify the results of rem ote 
sensing: the anom alous zones of “gas d e 
p osit”, “oil reservoir”, “gas-condensate ac
cum ulation” and “oil and gas occurrence” 
types. It's w orth m entioning tha t these zo
nes them selves d o n 't necessarily  indicate 
com m ercial hydrocarbon accum ulation.

For frequency-resonance processing the 
m ultispectral im ages are used from diffe
rent satellites w hich are in the public dom a
in. The im ages of Landsat 5 and Landsat 7 
w ith a resolution of 30 m /p ix e l are used  to 
perform ing reconnaissance surveys of large 
areas and to processing data  on a scale of 
1 : 50 000 and smaller. In looking for small 
objects the data should be processed on a 
larger scale and high-resolution im ages of 
2.5— 1.0 m /p ix e l are needed. The p rocess
ing tim e for a satellite im age in the A3 for
m at is 2 —3 days.

Frequency-resonance processing and de
coding satellite im ages are based  on a spe
cial algorithm  for pattern  recognition. A la
ser beam  is divided into two absolutely iden

T a b l e 2. Resonance frequencies for water of different mineralization [Levashov et al., 2017b]

Water types Mineralization, 
g • dm-3

Resonance 
frequencies, kHz

Structured from Alpine sources < 1 717.6

Weakly mineralized from Morshynski sources 0.1—0.4 643.8

Average mineralization 0.5— 1.0 615.7

Strong mineralization 5.0—15.0 551.5
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tical beam s by an optical divider. The first 
beam  is m odulated  by the signal of hydro
carbons experim entally  registered over oil 
and gas fields while the second one is focu
sed on the satellite im age of the study area. 
A special processor com pares these images 
to discriminate a signal of sufficiently incre
ased intensity  due to a resonance effect that 
indicates the presence of hydrocarbons.

The ability of technology to searching for 
hydrocarbons was proved by  a com bined 
study of ground and satellite m ethods on 
the hydrocarbon fields in Ukraine (Shebe- 
linske, Subbotinske, Kobzovske), K azakh
stan (Tengiz, Kazhigali, Teren-Uzuyk, Kosh
kim bet, Karaton) and Turkm enistan (Dou- 
le tabad—Donmez, Yuzhnyi Iolotan). The es
tim ation of relative pressure of fluids in re 
servoirs is principal advantage over availab
le rem ote sensing techniques due to suffi
cient increase in the ability to select places 
for com m ercially successful drilling.

Results. The FRT revealed 3 vast ano
m alous zones of the “oil and gas” type in

the B9 in the Egyptian EEZ and B11 in the 
Cypriot EEZ [Levashov et al., 2015]. The 
anomaly-1 (A-1), A-2, A-3 occupies 105, 104, 
42 k m 2  respectively (Fig. 2). The total area 
of all the anom alous zones is 251 km 2. T ec
tonic faults are delineated in area of the Zohr 
field.

The contour of the A-1 (Fig. 3) corresponds 
exactly  to tha t of the larger reef (Fig. 4) of 
the Zohr build-up m apped by the 3D seis
mic survey [Goliat ..., 2015]. W ithin the A-1 
three pressure intervals are determined. The 
first oil and gas-saturated horizon is charac
terized by a change in reservoir pressure 
from 37.2 to 41.8 MPa. Taking into account 
the hydrostatic principle, this pressure cor
responds to a dep th  of 3720—4180 m. The 
estim ated th ickness of the  productive ho 
rizon is 460 m. In the second hydrocarbon 
horizon reservoir pressure varies from 50.7 
to 56.2 M Pa at a dep th  of 5070—5620 m. 
In the  th ird  horizon, the pressure ranges in 
the interval of 65.0—65.7 MPa, betw een 6500 
and 6570 m. The depths of the  gas-bearing

Fig. 3. Location of the anomalous zones of "oil and gas" type in the area of the 
Zohr field: 1 — contour of the anom alous zones; 2 — tectonic faults; 3 — posi
tion of the Zohr-1 well; 4 — vertical zones of fluids m igration from the FRT da
ta. GWC — gas-water contact.
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Fig. 4. Com parison of the results from the FRT and 3D seismic surveys in the 
B9 and B11 [Goliat ..., 2015]. Blue arrows indicate vertical zones of fluids m ig
ration from the FRT data.

horizons are in good agreem ent w ith the 
drilling data [Goliat ..., 2015]. The second 
exam ple of the impressive coincidence from 
independen t m ethods is p resen ted  in Fig. 4 
w here the A-1 and A-3 fully coincide with 
the anticline structures on the seismic cross
sections. However, the results of the FRT are 
more inform ative than  of this survey b eca
use they  revealed the zones of vertical flu
ids m igration and anom alous reservoir p res
sure. The increase in the reservoir p ressu
re tow ard the vertical m igration zone is the 
com m on phenom enon of 14 hydrocarbon 
fields studied by  the FRT all over the world 
[Levashov e t al., 2015]. The role of these 
observations in the hydrocarbon accum u
lation will be discussed further.

Three anom alous zones of the “oil and 
g as” type of different areas w ere found in 
the southw estern B9 (Fig. 5). Only the A-1 
is an object of in terest due to its param e
ters. The area of the A-1 along the contour 
of zero pressure is 25.5 k m 2  decreasing to

13.3 k m 2  a long the isoline of 60 M Pa. A 
thickness of the gas-bearing horizons is es
tim ated to be 50, 100, 540 and 260 m. The 
maximum value of fluids pressure is 141 MPa. 
A narrow vertical channel of deep fluids mig
ration is traced  in the cen ter of anomaly.

After extensive 2 /3 D  seismic cam paign 
well Kg-70-1 was drilled by Shell in 2007, 
w hich did not provide com pelling ev iden
ce to continue exploration. If we take into 
account the results of the FRT only such 
an outcom e is possible as the well is locat
ed outside the anom alous zone.

Fig. 6  presents results of the FRT in the 
B11 nearby the Egyptian EEZ. The confi
guration of the “oil and g as” A-1 is the sa
me as tha t of seism ically derived. It is loca
ted  at a distance of only 5 km  from the ba
se of the Zohr field. A long the isoline of ze
ro pressure the area is 46 km 2  and along the 
pressure contour of 60 M Pa it is 10.5 k m 2. 
Three intervals of reservoir pressure are es
timated at a depth  of 120 m, 510 m and 40 m.

32 reo$u3unecKuu MypnaA № 1, T. 40, 2018



IMPLICATION OF SATELLITE IMAGES IN  STUDYING POTENTIAL HYDROCARBON RESOURCES.

The m axim um  value of fluids pressure is 
141 MPa. There is a small local vertical con
duit of deep fluids m igration near the center 
of the A-1.

After failure drilling by the Onisiforos 
West-1 well in the Block 11, the detailed FRT 
was applied on 18—22 August, 2017 [Leva
shov e t al., 2017c]. It tu rned  out tha t the

Fig. 5. Location of the anomalous zones of "oil and gas" type in the area of the Kg-1 
well [Levashov et al., 2015]: 1 — scale of the values of reservoir pressure, MPa; 2 — loca
tion of the vertical channel of fluids; 3 — tectonic faults; 4 — position of the Kg-1 well.
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of "Oil&Gas" type

Fig. 6. Location of the anom alous zone of "oil and gas” type in the 
B11 of the Cypriot EEZ nearby the Zohr gas field [Levashov et al., 
2015]: 1 — scale of the values of reservoir pressure, MPa; 2 — locati
on of the vertical channel of fluids; 3 — tectonic faults.

well was located at the southeastern  end of 
the distinct "gas” type A-1 (Fig. 7). The ano
m alous zone along the zero M Pa isoline has 
42 k m 2, along the 50 M Pa isoline is 29 k m 2. 
The maximum value of reservoir pressure 
is 53.5 MPa. To the north of the well w ithin 
the A-1 the channel was revealed for verti
cal m igration of deep fluids.

Discussion and conclusions. Based on 
full support for the results of the FRT by 
those of 3D seismic profiling and Zohr-1 well,

an attem pt is m ade to analyze a hydrocar
bon play  (conceptual m odel) for planning 
exploration activity in the B9 and B11. The 
hydrocarbon origin, area of anom alous zo
nes , am ount of reservoir pressure and oc
currence of fluids channels and tectonic fa
ults are used  as inseparable indicators for 
a com m ercial discovery.

There are exploited four distinct petro le
um  plays of ages from the Triassic to Plioce
ne in the Eastern M editerranean Region [Es-
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sestim e e t al., 2016]. They are inferred from 
the notions of source rocks, reservoirs, seals 
and generation-m igration of hydrocarbons. 
The Zohr play  is w idely considered as the 
most profitable because it is able to be cha
racteristic of the whole Egyptian and C ypri
ot EEZs. Its major elements are biogenic gas, 
source rocks of the O ligocene and M iocene 
age and top seal of the from thick M essini- 
an Evaporites. However, this approach sho
uld be treated with caution due to the com p
lete failure results from the Onisiforos West-1 
well [Paraskova, 2017]. In the frame of the 
Zohr play  this fiasco is absolutely unexp la
inable. The constituents of the  Zohr play  
are com m on for the carbonate platform  at 
least in the B9 and B11 while the Onisifo
ros West-1 well is spudded  at a distance of 
only 5 km  from the base of the Zohr field.

S cale  1:80000

Fig. 7. Location of the anomalous zones of “gas” type 
in the area of the Onisiforos West-1 well: 1 — scale of 
the values of reservoir pressure, MPa; 2 — tectonic fa
ult; 3 — location of the Onisiforos West-1 well; 4 — 
vertical channel of gas migration; 5 — gas m igration 
paths of vertical m igration of deep fluids.

The vaguest com ponent of the most p o 
pular siliciclastic and carbonate plays of the 
Eastern M editerranean is the origin of gas 
due to the absence of appropriate inform a
tion on gas com position from big hydrocar
bon fields in public domain. The Italian Com
pany  ENI determ ined  the gas origin of the 
Zohr field by analogy w ith its previous iden
tification case for the giant “Perla” biogenic 
gas field, Venezuela [Conofagos, Fokianou, 
2017]. The Zohr field was created  in a kars- 
tified lim estone reservoir at the m argin of 
paleo-lagoon in the M iocene similarly to the 
paleogeographic setting  of the Perla field. 
The discovery of the Zohr field is consider
ed as a significant break through  in the exp
loration strategy. Due to the ENI m odel the 
exploration efforts should be focused on se- 
ismically localizing karstified bu ild -ups in 
the carbonate platform  of the Eastern M edi
te rranean .

In all hydrocarbon plays the gas origin is 
inferred from type of source sedim ents re
vealed by seismic interpretations in the Eas
tern  M editerranean (see for exam ple [Peck, 
Horscroft, 2005; Lie, Trayfoot, 2009; Di Cuia, 
2017]). Such an approach defines, a priori, 
the gas origin as biogenic. The same conc
lusion is reached from therm ogenic pe tro le
um  system s of deep horizons because they  
deal w ith therm ally m atured organic m at
te r in sedim ents [M arlow, 2014]. The only 
m ention on the deep gas com position came 
from the Leviathan Well-1 [Petzet, 2012]. A 
gas-bearing zone at about 590 m dep th  con
tains gas heavier tha t in the w ell's shallower 
intervals suggesting it's a thermogenic source.

This factual observation is in line w ith a 
regional geochem ical study  of 38 gas sam 
ples from the nine wells drilled the w estern 
Nile Fan. They approxim ate location (Fig. 8 ) 
is only given due to a proprietary  request 
[Vandre et al., 2007]. The samples of the Ear
ly M iocene to Pliocene age range in dep th  
from 1527—4480 m. To increase validity of 
geochem ical data inform ation from other 
sam pling sites is also used from the eastern 
Nile Fan and Israeli offshore.

The values of 5 1 3  and C t / (C 2  + C 3 ) for 
m ethane vary from -  6 6  to -  40 %% and 15
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Fig. 8 . Locations of sam pling sites for the regional 
geochemical study [Vandre et al., 2007].

to 2000, respectively. They are presented  
in the  form of the Bernard and W hiticar 
plots to identify the gas origin because it is 
widely used approach (Fig. 9, a, b). The va
lues indicate microbial (2 0 0 0 — 6 6  %0) and 
therm ogenic (13—35 % ) origins for the most 
of the samples. However, the gas w etness in
dex and in-C 4  ratios d on 't change with depth  
undoubted ly  indicating tha t m ethane either 
has resulted  from microbial altering th e r
m ogenic hydrocarbons in situ or from m ig
rating therm ogenic gas upw ards from a gre
a ter depth. The h ighest level of b iodegrada
tion is determ ined in the Pliocene reservo
ir shallower than  2400 m. In turn, the valu
es of 5 1 3  betw een -  66.0 %  and -  39.6 %  
and 5D from -1 8 3 %  to -1 4 8 %  classify m e
thane as a m ixture of the therm ogenic and 
microbial origin.

Only gas of the thermogenic origin is cha
racteristic of the M iocene reservoirs. M ic
robial m ethane is determ ined in the Plioce
ne to recent sedim ents. The older sedim ents 
accum ulated gas tha t moved upw ards from 
greater depths. The interm ediate gas com 
position results from coexistence of the end 
m em bers of these gases.

M inor contribution of the biological m e
thane into the dom inant gas pathw ays was 
registered in practically  the same areas in 
the offshore of the Nile delta [Younes, 2015]. 
This result is supported  by  a low content 
of organic carbon (0.15— 1.15 %) in the b o t
tom  deposits and the U pper M iocene, Plio
cene and P leistocene sediments (< 0.3 %) in 
the Eastern M editerranean  [Kendric e t al.,

1978; Pedrosa-Pam ies et al., 2015]. Good 
source rocks are considered to have 2 —5% 
of total organic con ten t [Dolson, 2016].

A geochem ical analysis of 20 sam ples 
was m ade from the M iocene and Plio-Pleis- 
tocene reservoirs of the Abu Qir, N. Abu 
Qir, Temsah, W akkar and port Fouad fields 
(Fig. 10) [Younes, 2015]. The natural gas con
tains 96.2—99.37 % of m ethane. The stab
le carbon and hydrogen  isotopic com posi
tion of methane varies from -65.6 to -40.3 %  
PDB and from -140 to -170 %  VPDB strong
ly indicating m ixture of therm ogenic and 
early microbial m ethane (Fig. 11). Only ther
m ogenic m ethane is found in gas from the 
w estern province. Type III kerogen from ter
restrial organic m aterial is determ ined w ho
se maturity param eter (R 0) ranges from 0.6—
0.5 %. As kerogen  is cracked into therm al 
gas at 1.05 R 0  [Norman, 2014] the therm al 
gas from the M iocene sedim ents in the stu
dy area has abiogenic origin. Furtherm ore, 
in the Levant Basin and surrounding con
tinental m argins the M esozoic sediments w e
re m ainly deposited  in deep w ater [Esesti- 
me e t al., 2016]. The pelagic sedim entati
on resulted in deep w ater detrial limestones, 
chalks, marls and shale. Siliciclastic were lo
cally deposed  due to a change in drainage 
of nearby land. O nly the Triassic sedim ents 
are com posed of shallow w ater carbonates, 
local evaporites and minor siliciclastics. The
refore, terrestrial m aterial is not a source of 
Type III kerogen  to be cracked into therm o
genic gas. From this follows tha t therm oge
nic gas is of abiogenic origin in the Mesozo
ic sediments of the Eastern M editerranean.

A m odel of generating  two types of m e
thane is p resen ted  in Fig. 12 [Al-Balushi et 
al., 2016]. The PT conditions are believed 
to be favourable for the large accum ulati
on of biogenic gas ju st below the Messini- 
an evaporites and for therm ogenic gas in 
the C retaceous deposits from w hich it leaks 
vertically to the Cenozoic reservoirs. The com
parison betw een Figs. 9, b and 11 dem on
strates their full identity.

As basin and petroleum  systems m odel
ling is a standard  procedure in the explo
ration activity [see, for exam ple, the com p
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rehensive book of [Hantshel, Kauerauf, 2009], 
it has been  m ost successfully applied to elu
cidate the form ation and transform ation of 
hydrocarbon in the Eastern M editerranean 
by [H alstenberg, 2014] and [Al-Balushi et 
al., 2016]. The paleo-tem peratures calibrat
ed for the Tam ar and SPO-1 wells allow us 
to evaluate their role in these processes us

ing new experim ental inform ation on b io 
chem ical processes.

The stable carbon and hydrogen isoto
pic com position of m ethane was analyzed 
from the Isis and N orth Alex m ud volcano 
on the w estern  N ile d eep -sea  fan, about 
55 km from Alexandria [Mastalerz et al., 2007]. 
As the values of 5 1 3  C and 5D are 55.1 %%

Fig. 9. Diagrams of carbon (513) vs. C 1  / (C 2  + C3 ) (a) and carbon (513) vs. hydrogen (5D) (b) 
for m ethane from the wells of the Egyptian and Israeli coast [Vandre et al., 2007].
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Fig. 10. Locations of sam pling gas field for regional geochem ical analysis
[Younes, 2015].

VPDB and 203 %  VSMOW, respectively the 
m ethane origin is m ainly therm ogenic. As
cending fluids from deeper horizons are al
so revealed.

A new "clum ped iso topic” technique re 
vealed tha t the tem perature for the form a
tion of biological gas is less than  50 °C  and 
tha t for therm ogenic gas ranges from 155 
to 221 °C [Stolper et al., 2014]. These results 
strongly support the above inference of the

original therm ogenic gas in the M iocene se
diments of Egyptian, Israeli and Cypriot EEZs 
as to the tem perature at their top was 60— 
70 °C  [H alstenberg, 2014; AlBalushi et al., 
2016]. O n the other hand, an archaeal con
sortium  w hich is considered to be the m a
jor anaerobic m ethanogen of the sea envi
ronm ent cannot produce biom ethane in the 
Mesozoic sedim ents for further cracking in
to therm ogenic gas. The reason is tha t the

Fig. 11. Diagram of carbon (513) vs. hydrogen (5D) for m ethane from 
the Nile Delta [Younes, 2015].
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tem perature at their top (120 °C) is h igher 
than  the upper limit for A rchaea life which 
is 121 ° C [Kashefi, Lovley, 2003]. In other 
words, the therm ogenic gas of abiogenic ori
gin is predom inant in the M iocene and d e 
eper sedim ents off the Egyptian and Israe
li coast.

Foregoing inform ation leads to a logical 
conclusion that hydrocarbon plays based on 
only m ultichannel seism ic-reflection profile 
data and on the biological hydrocarbon con
cept are not successful in planning the most 
econom ical exploring for prospective oil and 
gas discoveries. For exam ple, Shell acqu ir
ed 1862 km  of 2D seismic lines, 7183 k m 2  

of 3D seismic data and drilled 9 failure ex 
ploration wells in B9 before new concessi
oner Eni discovered the Zohr field, having 
perform ed additional seismic surveys du r
ing 3 years. From this follows tha t drilling 
success rate is only 10%. Selecting wells pla
ces resulted  in a very poor achievem ent si
milar to tha t of the old-tim e “wild c a t” ap 
proach which was exploited in unstudied are
as w ithout any prelim inary works. In this 
context, it is in teresting inside story of ar

riving at the ENI m ega achievem ent: "Like 
all great exploration discoveries also the Zohr 
discovery is full o f surprises, the unexpec
ted, intuitions, m istakes, skill, enthusiasm, 
and ups and downs in which the human ele
m ent is as crucial as the technology ..., for
tune favours the brave, right? Right. I f  Eni 
had no t decided to bring forward the exp 
loration o f Zohr, we would not be here talk
ing about i t " [Alfieri, 2015]. As such, their 
decisions appear largely to have been  b a
sed on em otions rather than  on an objecti
ve analysis of the available options from re
levant m ultim ethod data to obtain the best 
result.

To explain such a situation a com parati
ve analysis was m ade betw een the FRT re
sults from the Zohr and Onisiforos gas fields. 
W ith regard  to seismic data, they  dem on
strate similar geological setting  of these fi
elds tha t was the basis for an optim istic fo
recast to discover new reserves 5 tim es gre
ater than  the Zohr [Conophagos et al., 2016]. 
The difference betw een the FRT results from 
the Zohr and Onisiforos gas fields is con
ceptual due to the absence of the grad ient

Fig. 12. M odel for the origin of biogenic and therm ogenic hydrocarbons in the Aphrodite, 
Leviathan and Tamar gas-oil fields [Al-Balushi et al., 2016].
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of reservoir pressure in the Onisiforos d is
covery (See Fig. 6 ) tha t is proved to be an 
integral feature of commercial hydrocarbon 
fields [Levashov et al., 2017a].

There exists co-occurrence of exclusive 
com mercial and non-com m ercial wells w ith
in the same big hydrocarbon field [Bembel 
et al., 2003]. This phenom enon can be ex 
em plified by  the Em-Egovskoe field in the 
W est Siberian oil basin (Russia). H ere nine 
wells w ere drilled in the area of 1 km 2. H o
wever, during 10 years 92 % of oil was ex t
racted from only the well R - 2  while the rest 
oil recovery was provided by eight wells. 
The reason for extrem ely large productiv i
ty  of the well R - 2  is tha t it was accidentally  
drilled near the vertical channel of abioge- 
nic fluids, which is characterized by  high 
pressure ( “geosoliton tu b e ” ). This is parti
cularly the case for the situation of the Zohr 
and Onisiforos wells w hen the latter was pe
netra ted  the reservoir in a site of the back 
ground pressure.

Therefore , the  fluid m echanism  is the 
m ost suitable for origin fields in the B9 and 
B11 because the m ethane is mainly therm o

genic in the major gas field of the Eastern 
M editerranean (see the previous text) and 
the Zohr Well-1 is located near the vertical 
channel of h igh pressure (See Fig. 3). A no
ther line of evidence in favour of this m echa
nism com es from the in terpretation  of the 
m agnetic survey in the area of the hydro
carbon fields in the Eastern M editerrane
an [Petrova, Petrishchev, 2011].

To the w est of the Nile Delta and near 
the southern  coast of the Cyprus gas fields 
are confined to the inclined zone of decre
ased m agnetization a t a 20— 4 km  dep th  
(Fig. 13, a ). The similar zone occurs b e n e 
ath the Nile D elta and the Tam ar gas field 
(Fig. 13, b). The Dalit gas field is confined 
to the low magnetization lens (2—4 km depth) 
above the zone of the same condition at a 
depth  of 10— 12 km  (Fig. 13, c). The m agne
tization decrease results from hydrocarbon 
reworking due to influence of upwelling flows 
of heated  m aterial from the m antle along 
w eaken tube-like zones in the lithosphere. 
There is a network of intraplate (mantle) tec
tonic faults delineated by m ulti-geophysical 
approach in the area of gas fields of the Ni

Fig. 13. G eom agnetic cross-sections of the gas fields in the Eastern M editerranean [Petrova, 
Petrishchev, 2011]. Fields: 1 — gas; 2 — oil; 3 — supposed zones of oil and gas accumulation.
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le Delta and Levantine Basin [Eppelbaum, 
Katz, 2011]. They are able to provide favo
urable conditions for forming such pathw a
ys. Thus, selecting an optim al drilling loca
tion should be based on in tegrated  studies.

Based on the concept of migration of abio- 
genic hydrocarbon toge ther w ith deep  flu
ids along vertical conduit and the increase 
in the reservoir pressure tow ard this p a th 
w ay (the peculiarities of the Zohr gas field), 
producible volum e of hydrocarbons is p rog
nosed w ithin the areas of the B9 and B11 
"oil and g as” type anom alies (See Figs. 5 , 6 ). 
Available information evidences for non-com
mercial gas accum ulation in the Oniciforos 
discovery.

In concussion, the major results are as fol
lows.
1. The anom alies of "oil and g as” type w ere 

revealed by the frequency-resonance tech
nology of processing and decoding the 
satellite images of the licence B9 and B11.

2. M ost of them  evidence for the vertical

pathways for m igration of deep fluids and 
the horizontal gradient of the reservoir 
pressure.

3. As these features are characteristic of 
the anom aly from the Zohr gas field they  
are first used as the indicators of a com 
mercial discovery.

4. Based on these indicators the optimal lo
cations are recom m ended for explorati
on drilling in the B9 and B11. The Oni- 
siforos discovery can 't be considered as 
com m ercial.

5. In the M iocene sedim ents, abiogenic gas 
is m ostly determ ined by  available infor
m ation on the stable carbon and hydro 
gen isotopic com position of methane from 
the wells and paleo tem perature regim e 
off the Egyptian and Israeli coast.

6 . The siliciclastic and carbonate plays are 
equally useful for planning exploration ac
tivity in the B9 and B11. To decrease the 
in potential risk of drilling requires an in
terd iscip linary  approach.

Implication of satellite images in studying potential 
hydrocarbon resources in the licence Blocks 9 and 11, 
the exclusive economic zones of Egypt and Cyprus

© O.M. Rusakov, I.N. Korchagin, N.A. Yakymchuk, S. P. Levashov, 
V. D. Soloviev, D. N. Bozhezha, 2018

A frequency-resonance technology was used for processing and decoding the sa
tellite images of the licence Blocks 9 and 11 in the Eastern Mediterranean. The ano
malies of "oil and gas” type were revealed in the study area. The supergiant Zohr gas 
field produces the prominent anomaly covering the largest area of 251 km2. This ano
maly evidences for the channels for vertical migration of deep hydrocarbon-bearing 
fluids and the horizontal gradient in reservoir pressure. For the first time, these two 
specific findings were suggested to be indicators of a commercial discovery. Based on 
them, several "oil and gas” type anomalies were recommended for exploration drilling 
in the Blocks 9 and 11. Available information cannot allow us to consider the Onisiforos 
discovery as a commercial gas field. The siliciclastic and carbonate plays are equally 
workable in the Egyptian, Cypriot and Israeli EEZs where in the Miocene sediments 
abiogenic methane is the main component of gas which ascends to reservoirs from 
deeper layers. Selecting an optimal drilling location requires an interdisciplinary ap
proach.

Key words: Nile Fan, Levant Basin, satellite images decoding, discoveries classificati
on, hydrocarbons origin.
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