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Abstract
The focus on exploiting natural gas resources has been increased in the recent years since it was characterized as the transitional
fuel to a net-zero era. Consequently, a reevaluation of the gas resources under a new perspective seems to be logical.Within this
context, the gas-bearing Miocene sediments of the Messara basin in Crete (Greece) are discussed in this paper. The gas shows
have been first reported during the 1990’s, without being thoroughly evaluated. This paper presents the interpretation of eight
legacy onshore seismic reflection lines, which led to the construction of the 3D subsurface structural model of the Neogene
Messara basin. The seismic data reveals the basin depocenter which accommodates approximately 1500 m of the Miocene
sediments. The relationship of the Miocene deposits with the existence of shallow gas is also examined and discussed. New
organic geochemical results combined with the published geochemical data are used to discuss the gas generation potential
of the Miocene sediments. The porosity and permeability measurements on surface samples are also presented to describe
the reservoir characteristics. The integration of the data mentioned above suggests that the Miocene sediments of the Messara
basin comprise intervals with adequate organic matter to generate the observed gasses and good reservoir sandstones to
accumulate the generated gas. The gas might have been trapped by lateral and vertical facies changes which provide efficient
stratigraphic trapping mechanisms.

Keywords Miocene basin · Biogenic gas · Hellenic arc · East mediterranean · Seismic interpretation · Field sampling ·
Laboratory analysis

1 Introduction

Natural gas is currently considered a transition fuel until
the moment of the fossil fuel substitution by the renewable
forms of energy [1]. The use of natural gas instead of fossil
fuels (coal and oil) is the bridge to reduce CO2 emissions
in the near future, but the fact that the combustion of natu-
ral gas still emits CO2 makes it a temporary solution [2, 3].
Under this perspective and given that the current gas price
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has reached historically high levels, the evaluation of both
new and already known gas fields or shows, is considered
reasonable. Thus, the current study focuses on the biogenic
gas-bearing deposits of the Messara basin in Greece as a
preliminary step toward this direction.

In the late 1990s, several occurrences of shallow gas-
showswere reportedwhile drillingwater-wells in the broader
area of the Messara basin. This provided a different perspec-
tive to the shallow gas potential of the study area. However,
no sufficient data exist to evaluate the potential of these occur-
rences due to the lack of deep wells. In the early 1980s
the State Petroleum Company of Greece (DEP) conducted
a comprehensive seismic survey in the Messara basin, in
the southern part of Central Crete (Fig. 1), South Greece,
to explore the hydrocarbon potential of the area. This was
the first attempt to investigate the subsurface structure of the
basin and any existence of hydrocarbon accumulations. The
results of this seismic survey have yet to be published.
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Fig. 1 a Geotectonic position of Crete in the Hellenic Subduction zone
(Bathymetry map from EMODnet). b Geological map of the broader
Messara area (Compilation of 6 geological sheets 1:50.000 of the Insti-
tute of Geology and Mineral Exploration of Greece). The locations of

the available seismic lines are shown in black lines and the sampling
locations in blue rectangles. The wells that encountered gas shows are
also depicted with purple star symbols

No further investigation has taken place in the basin except
for a few recent studies that discuss the area’s gas findings
based on new geochemical analysis on the Neogene rock
samples [4–7]. The current study is the first step to explain
the gas occurrences and to examine the gas potential of the
Messara basin by integrating existing and new data.

Most of the available data regarding the basin’s subsur-
face structure are related to the hydrogeological potential of
the shallower Plio-Quaternary clastic aquifer [8–11]. More
than 100 water-wells have been drilled in the Messara basin
to exploit the shallow alluvial aquifer [8, data-archive of
the Heraklion Prefecture, 2011]. However, the water-wells
usually stop at marly horizons of the upper Neogene strata,
which are considered aquitards, without reaching the deeper
underlying alpine basement. Therefore, the available well-
data provides stratigraphic constraints and information only
for the shallower Quaternary section.

However, in 2011, the Greek Ministry of Environment
and Energy released the eight legacy onshore seismic data
acquired in theMessara basin in the early 1980s for scientific
research purposes. Vafidis et al. (2012) [12] processed and
interpret only one of the seismic lines. In this paper, and for
the first time, the entire seismic dataset consisting of eight
legacy onshore seismic lines is processed and interpreted.
The interpretation of the eight seismic lines gives an insight
into the unreachable by the well-data, subsurface in depths
basin configuration. Seismic interpretation along with the
existing geochemical data and the new porosity and perme-
ability measurements, are integrated to explain the existence
of the observed shallow gas.

The results of this study could be used further to evaluate
the shallow gas potential of the Messara basin or even as an
analogue in terms of source rock and reservoir potential for
the Neogene sediments in the adjacent basins. The potential
of the Neogene formations to act as good-quality reservoirs
has also been identified in the adjacent Ierapetra basin [13].
Such examples prove that new outcrop analogues of exten-
sional basins can be found in other places on Crete that could
assist in defining someof the gas exploration elements in sim-
ilar Miocene basins located in the East Mediterranean region
[13].

1.1 Geological Setting

Messara basin is located in Crete Island, Greece, in the Hel-
lenic fore-arc where the African plate subducts the Aegean
plate [14–16]. The region is one of the most active seis-
motectonic areas in Southern Europe, with a convergence
rate of 4-5 cm/year [17–20]. The pre-Neogene succession of
Crete consists of the Hellenic nappes, which were formed
during the Alpine orogeny, stacked over the pre-existing
basement. The external Hellenic nappes in Crete consist
from bottom to top of the Plattenkalk, Trypali and Phyllite-
Quartzite thrust sheets, which are affected by Tertiary
HP-metamorphism, and are tectonically overlain by the non-
metamorphic Tripolitsa and Pindos thrust sheets [21–23].
The Tripolitsa and Pindos thrust sheets are mainly composed
of Mesozoic carbonate rocks covered by Eocene–Oligocene
flysch [22]. The pile of stacks is over thrusted by the internal
Hellenides units of Arvi, Miamou, Vatos, and Asteroussia
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[24–27]. The whole pre-Neogene succession is divided into
an Upper Sequence of non-metamorphic rocks overlaid the
Lower Sequence of metamorphic rocks which are separated
by a low-angle detachment fault [21, 30, 31].

The tectonic phase that stacked the successive Alpine
sediments into a pile of nappes was the compression
until Oligocene. Since Lower Miocene, the tectonic setting
changed into largely extensional regime when the HP/LT
metamorphic rocks started to exhume [21, 31]. In Late
Miocene dominant N-S–striking faults reflect an arc-parallel
extension associated with ongoing outward motion of the
Aegean arc [32–36]. Along with the extensional regime,
structures resulting from left-lateral transpression due to the
south-westward motion of the Aegean plate with increasing
curvature of the trench are also observed [34, 36]. During
Miocene, the extensional phase led to nappe-collapse and
exhumation of deep crustal rocks [26, 28, 36, 37]. This event
was accompanied by the formation of supra-detachment
basins which were filled by Neogene sediments, like the Her-
akleion basin [36, 38]. TheMessara basinwas initially part of
the wider Herakleion basin, which was then separated from
the northern Herakleion basin with the formation of the Cen-
tral Herakleion Ridge in the Upper Miocene [39].

During the Pliocene–Pleistocene, a series of transpres-
sional and transtensional basinswere formed [32, 36, 39–42].
The current geomorphology of Crete has been shaped from
the combination of contractional, strike-slip, and extensional
tectonic regimes as the result of a syn-convergent extension.
Some of them are still active today that uplift the southern
Cretan coastline in the area of Messara [44]. The stress pat-
tern for the last 5 Ma supports a combination of left-lateral
and right-lateral faulting in Crete along with E-W extension
[33]. Today, theMessara basin has a predominant E-W direc-
tion, but its geometry is also controlled by a rhombic pattern
of 070 and 100 faults [41].

Based on fault plane solutions the recent tectonic regime
in the offshore area south of Crete is an NNE–SSW direction
of compression [43, 45–48]. On the onshore area, however,
an ESE–WNW to roughly N–S extension is predominantly
associated with normal and oblique-slip faults. An arc-
normal extension is accommodated by ESE–WNW normal
fault systems, extending offshore and along with the coastal
areas [44, 49]. Arc-parallel extension uniformly affects the
entire island generating NNE–SSW normal faults [49].

1.2 Neogene Deposits

The Neogene sediments in the Messara basin have been
mainly described byMeulenkamp et al. (1979) [50]. Zachari-
asse et al. (2011) [51] propose a slightly different classifica-
tion (Fig. 2) because the initial classification is inadequate to
portray the geological history of the Messara Basin. In this
study, the nomenclature ofMeulenkamp et al. (1979) [50] has

been followed since it is the classification that has been used
in the official geological sheets prepared by the geological
survey of Greece.

TheNeogene deposits were deposited in terrestrial to deep
marine environments, which indicate significant changes in
depositional depths due to the combination of vertical move-
ments and significant climatic changes [36]. A sequence
of conglomerates, cobbles, sands, marls, clays and coals
was deposited with abrupt lateral and vertical lithological
changes. Plant fossil assemblages have been recorded in the
Late Serravallian-Early Tortonian andMiddle Tortonian sed-
iments [52, 54, 55]. Meulenkamp et al. [50, 53] subdivided
the Neogene sedimentary sequence of Crete into six lithos-
tratigraphic groups (Fig. 2), namely Prina, Tefelion, Vrysses,
Hellenikon, Finikia, and Agia Gallini groups. Prina and Hel-
lenikon Groups are absent in the Messara basin. Tefelion
has the most extensive coverage, followed by Vrysses Group
(Fig. 1,Fig. 2). The TefelionGroup consists of poorly consol-
idated marine and fluvio-lacustrine conglomerate, sand, silt,
and clay uncomfortably overlying the pre-Neogene basement
and overlain by limestones and marls (calcareous clays) of
the Vrysses Group. The latter consists of marine bioclastic or
reefal limestones or alternating laminated and homogeneous
marls, which contain evaporite intercalations in some areas
[36, 50].

The Tefelion and Vrysses Groups comprise four lithos-
tratigraphic formations, namely the Viannos, Skinias, Ambe-
louzos, and Agia Varvara formations (Fig. 2) with the latter
also including the Messinian evaporites [50]. The Viannos
formation comprises a wide range of depositional environ-
ments such as channel-belt, overbank and lake deposits.
The Skinias formation conformably overlies the Viannos
formation and consists of marine clays with interbedded
sandstones and occasional gravels [51]. The Ambelouzos
formation is the equivalent of the Kasteliana formation, as
per the classification suggested by Zachariasse et al. [51],
which has been deposited in fluvial-lacustrine, lagoonal and
inner neritic environments. The end of the Messinian Crisis
is marked by the “Lago Mare” phase and characterized by
the fluvio-lacustrine conditions ending theMessinian prior to
the marine Pliocene reflooding [38]. The samples that have
been studied in this paper are composed of non-consolidated
conglomerates, clays, sands representingmainly the Tefelion
Group [36] and the marls of the “Lago Mare” deposits [38].

2 Materials andMethods

2.1 Seismic Reflection Data

A seismic reflection survey was conducted in 1982 by the
State Petroleum Company (DEP) at the Messara basin to
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Fig. 2 From left to right: a Classification schemes of the Miocene to
Pliocene deposits in the Messara basin (modified from [38, 50, 51],
supplementary material: MB= Lower Pliocene mass-wasting deposits;
MUM=MarineUpperMessinian),bGeneral lithostratigraphic column

of the Neogene deposits of Crete [53 modified from 51], c Schematic
lithostratigraphy of Crete, with the main lithostratigraphic Groups and
their vertical and lateral superposition [36]

Table 1 Seismic data acquisition and processing sequence parameters

Acquisition parameters Source Dynamite

Sampling interval 2 ms

Short interval 100 m

Number of groups 48

Near / Far trace 150 m / 1300 m

Format SEG-C, 1600

Processing sequence Demultiplex and gain recovery
Resample (4 ms)
Anti-aliasing filter (90 Hz cutoff)
Trace editing
Spherical diverge correction
Exponential gain (3 dB/sec)
Band-pass filtering
Equalization
Static correction
Deconvolution
Dynamic correction
Pres-stack mute
Velocity analysis
Stack
Kirchhoff migration

explore the oil potential. Three east–west and five north—
south seismic profiles were acquired to map the pre-Neogene
bedrock and further delineate the subsurface basin structure
of the area. The reprocessing of those lines and the inter-
pretation of one of the W-E lines, were presented by Vafidis
et al. 2012 [12]. Table 1 summarizes the seismic data acqui-
sition and processing flowchart applied. We present in this

study the additional seismic lines of the same survey and their
interpretation.

2.2 Geochemical Analysis

The geochemical analysis of 12 samples belonging to the
Tefelion Group is presented in this study. The samples were
taken from different places of the Messara basin to cover the
geographical extend of the Miocene deposits, aiming to give
an insight of the biogenic gas potential of the basin in com-
bination to the available published geochemical data. The
analysis was performed in the “Laboratory of Hydrocarbons
Chemistry and Technology” of the Technical University of
Crete. The samples were dried at 100 °C, powdered, and
sieved through a 60-mesh sieve before analyzed with the
Delsi RockEval-2 following the experimental procedure of
Espitalié et al. (1977; 1985). [56, 57].

The procedure gave us the basic pyrolysis indices (Table
2),which are: S1 (quantity of free hydrocarbons present in the
rock sample, mg HC/g rock), S2 (quantity of heavier hydro-
carbons released from pyrolysis, mg HC/g rock), S3 (CO2

released from oxygenated compounds during the pyrolysis;
mg CO2/g rock), Tmax (the temperature at which the S2
peak reaches its maximum; °C). Total organic carbon (TOC)
(organic richness in a rock by adding the free hydrocarbons
and the kerogen; wt%). Hydrogen index (HI) (reflects the
quality and quantity of pyrolyzable organic compounds, from
S2 normalized to the TOC; mg HC/g TOC). Oxygen index
(OI) (reflects the quantity of terrestrial organic material from
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Table 2 Results of the RockEval-2 pyrolysis on the Miocene surface samples from the Messara basin

Sample Tmax
(oC)

S1
(mg/g)

S2
(mg/g)

S3
(mg/g)

TOC
(%)

PI S1 +
S2

S2/S3 HI (mg
HC/g
TOC)

OI (mg
CO2/g
TOC)

S1/TOC
(mg HC/g
TOC)

mesi1 463 0.00 0.08 0.45 0.34 0.00 0.08 0.18 24 132 0.00

mesi2 436 0.00 0.11 0.01 0.47 0.00 0.11 11.00 23 2 0.00

mesi3 354 0.00 0.04 0.00 0.21 0.00 0.04 N/A 19 0 0.00

mesi4 – 0.00 0.01 0.00 0.15 0.00 0.01 N/A 7 0 0.00

mesi5 321 0.00 0.02 0.00 0.21 0.00 0.02 N/A 10 0 0.00

mesi7 – 0.00 0.02 0.00 0.18 0.00 0.02 N/A 11 0 0.00

mesi9 413 0.00 0.03 0.31 0.27 0.00 0.03 0.10 11 115 0.00

mesi11 – 0.00 0.00 0.00 0.24 N/A 0.00 N/A 0 0 0.00

dem1 – 0.00 0.02 0.00 0.22 0.00 0.02 N/A 9 0 0.00

dem2 – 0.00 0.01 0.00 0.16 0.00 0.01 N/A 6 0 0.00

am2 426 0.01 0.77 4.67 3.875 0.01 0.78 0.16 20 121 0.00

am9 403 0.00 0.09 1.53 0.35 0.00 0.09 0.06 26 437 0.00

am10 422 0.00 0.12 0.58 0.41 0.00 0.12 0.21 29 141 0.00

am11 419 0.00 0.35 0.70 0.6 0.00 0.35 0.50 58 117 0.00

ski1 419 0.00 0.12 0.67 0.31 0.00 0.12 0.18 39 216 0.00

ski2 419 0.00 0.13 0.59 0.32 0.00 0.13 0.22 41 184 0.00

kas4 386 0.00 0.10 0.16 0.11 0.00 0.10 0.63 91 145 0.00

kas5 360 0.04 0.21 0.38 0.58 0.16 0.25 0.55 36 66 0.07

S3 normalized to TOC; mg CO2/g TOC. Both parameters
define the kerogen type present in the rocks [58–60]. Pro-
duction index (PI) (the total amount of hydrocarbons (S1 +
S2) that may be produced; mg HC/g rock) [61].

2.3 Petrophysical Measurements

There are no publications to describe the petrophysical char-
acteristics of the Miocene sediments of the Messara basin.
This study presents the porosity and permeability measure-
ments of Miocene samples taken from different places in
the Messara basin in such a way to cover both geographi-
cally the entire basin and stratigraphically all the Miocene
stratigraphic units (Fig. 1). A 1-inch diameter core plug was
extracted from generally loose sandstones for porosity and
permeability laboratory measurements. In many cases, the
sandstones were too loose to acquire a core plug. The mea-
sured values should be therefore regarded as a conservative
assessment of the porosity of the Neogene deposits in the
Messara basin.

In total, 137 core plugs were acquired. All the core plugs
were measured in terms of Helium porosity with the use of
Boyle’s method, which in a known bulk volume it measures
the solids volume of the sample and is used to calculate the
pore volume of the sample [62].

For the permeability determination, 25 samplesweremea-
sured using the steady state method in a Hassler cell. The
Hassler apparatus allows to apply different confining pres-
sures on the sample and measuring the air flow across it [62].
The difference in input and output flows is used to calcu-
late the air permeability. The air-permeability was calculated
for the same sample by applying three different confining
pressure stages, at 25Atm, 100Atm, 200Atm. By this way,
the permeability measurement simulates the reservoir con-
ditions that exist in burial depths equivalent to the applied
confining pressure. Assuming a typical rock density for the
clastics of 2.40 g/cm3, the lithostatic pressure (overburden
pressure) for the three different confining pressures corre-
sponds to approximately 100 m, 400 m, and 900 m of burial
depth. All the porosity and permeability laboratory measure-
ments were conducted in the “Laboratory of PVT and Core
Analysis” of the Technical University of Crete.

3 Results

3.1 Interpretation of Seismic Data

The seismic grid is spread over the Plio-Quaternary cover
in the plain part of Messara and extends to the East on the
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Neogene sediments (Fig. 1). The pre-Neogene basement sur-
rounds the basin, but no seismic line passes through it, nor
any well has penetrated it to be used as a control point for
the interpretation. The objective is to interpret the two main
stratigraphic horizons in the area, namely the top of Miocene
and the top of the Pre-Neogene basement, alongwith any tec-
tonic feature. Some additional intra-Neogene horizons were
picked on seismic only in the eastern part of the basin, where
the surface geology enabled us to tie the seismic interpreta-
tion.

The interpretation of the Top of the basement was tied to
the surface outcrops of these rocks based on the official geo-
logical maps [25, 63–66]. The Alpine basement is exposed in
the vicinity of the seismic lines. The main tectonic features
were depicted along with the top of the basement. Generally,
the surface geological maps and the surface topography were
the two main datasets that were used to constrain the final
interpretation.

The seismic character of both Top of Neogene and Top
of the basement horizon were identified. The Top basement
horizon is characterized by the continuous strong reflector,
which separates the above seismic package of sub-parallel
reflections with strong to transparent seismic facies cor-
responding to the Neogene deposits from the underlying
seismic package of mostly chaotic reflections corresponding
to the basement.

In the composite seismic line of Fig. 3, the Top of the
basement is mostly detected on the central part of the seis-
mic where a continuous strong reflector exists in almost
0.5 s TWT depth. The existence of the Neogene sediments
overlaying the basement provides the necessary velocity con-
trast to map the basement. The geometry of the basement
horizon along Line 1 is interpreted as a pop-up structure
caused by transpressional tectonics [12]. The eastern part
exhibits greater basement depths, as a major normal fault
zone has down-thrown the basement to the east. Some deeper
reflectors within the basement are due to internal structures
originated by the nappe-stacking nature of the basement
or/and by the still ongoing exhumation of the metamorphic
core complex through the activation of the Cretan low angle
detachment fault [29, 36, 51].

In Line 2, the top horizons of two of the Neogene forma-
tions (Fig. 4), namely Viannos and Skinias formations have
also been interpreted. The interpretation is tied to the surface
boundaries of the two formations as mapped on the geologi-
cal maps of the official geological map [66]. Line 6 shows a
structural high in the northern edge of the seismic which can
be explained as a result of a transpressional regime, in line
with the existence of a similar feature in Line 1. The com-
pressional geometries seen on lines 1 and 2 as having resulted
from the transpressional reactivation of basin bounding nor-
mal faults, were interpreted.

The rest of the seismic lines (Lines 4, 8, and 10) are of
poor quality, making the interpretation challenging (Fig. 5).
Themain control for interpreting those lineswas the interpre-
tation of the intersecting lines and the surface geology. Line
4 covers an area on top of one of the two basement highs
that have been identified. Especially to the northern part of
the seismic section, the basement is interpreted to be shallow
enough to pick on seismic.

The interpretation of the Lines 8 and 10 is tied to the
interpretation of intersecting Lines 1 and 11, honoring at the
same time the surface faults as mapped on the geological
maps of the Institute of Geology and Mineral Exploration of
Greece.

The interpretation reveals themaximum depth of theMes-
sara Neogene basin and depicts the thickness variations of
the Neogene sediments along the basin. The thickness of the
Plio-Quaternary sediments has been calculated on seismic to
a maximum of 150 m. This thickness covers approximately
the first 0.1 s two-way-traveltime (TWT) on the seismic
section in the time domain. The time/depth conversion is
based on an average velocity of 2500 m/s which is typical for
Plio-Quaternary sediments [67]. Below this depth, the top-
Neogene is picked on seismic profiles with high velocities
(3000–3500 m/s) especially when the Messinian evaporites
are present [67]. There are also parts of the seismic sections
that not even the top of the Neogene deposits could be cap-
tured efficiently because the Neogene sediments are quite
shallow (e.g., depth < 400 m). This is usually also related
to a deeper Alpine basement uplift. The Alpine basement
shows the greatest velocity contrast to the overburden sed-
iments (velocity > 5000 m/s), which appeared as a strong
reflector in the seismic section.

3.2 Gas Occurrences in theMiocene Sediments

Several shallow gas seepages have been reported while
drilling water-wells for the irrigation needs of the Messara
valley in the past years. The high concentration of methane
in these gases indicates a biogenic origin from the Miocene
sediments of the Messara basin as suggested by Pasadakis
et al. [4]. The so far known water-wells that encountered gas
are all located in a narrow zone in the eastern part of Mes-
sara basin around well D (Fig. 1), with none of the wells
exceeding the 500 m in depth. The generation of the gas and
the fairways of gas accumulations are not clear yet, since
no complete integrated study has been undertaken so far to
evaluate the gas occurrence.

3.2.1 Source Rocks

Biogenic gas is commonly produced in depths shallower than
600 m and temperatures less than 80 °C [68, 69]. How-
ever, the existence of deeper biogenic gas accumulations
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Fig. 3 Composite seismic section of lines 11, 1, and 3 in a direction
along the basin (W-E). Main faults (black dashed lines), the basement
top (yellow horizon), and a deeper intra-basement reflector (green hori-
zon) are shown. The basin is separated into three distinct parts due to

the existence of two Basement highs. The greater depths are observed
in the eastern part, while in the western part, a deepening trend toward
the West is observed. The vertical axis in ms TWT

should not be excluded [70]. Biogenic gas accumulations
require formations rich in organic matter, anaerobic bacteria
to decompose the organic matter, and a trapping mechanism,
commonly being of stratigraphic type. Sediments containing
greater than 0.2% total organic content (TOC) can potentially
generate a free gas phase, which can be trapped if sufficient
isolated reservoir intervals are present [69]. Biogenic gas is
generally very dry (> 95%methane), contains less than 0.2%
ethane [71]. The composition of the gas found in theMiocene
sediments ofMessara has given approximately 90%methane
which indicates a biogenic origin [4–6]. The terrestrial ori-
gin of the organic material in the Miocene sediments has
been documented either as coal beds [48], or as fossil plant
assemblages [52, 54, 55].

A series of geochemical analyses in Miocene sediments
of the Messara basin has been conducted in the past to inves-
tigate the origin of the gas found in the water-wells [4–7].
The samples were either surface outcrops or ditch cuttings
from wells, like well-D shown in Fig. 6. Well-D reached as
deep as 450 m providing a representative set of samples of
the Miocene succession. According to the results, the sam-
ples contain TOC at an average value of 0.45%, while several
of them exceed the 0.5% TOC (Fig. 6). The organic matter
comes from gas-prone type-III kerogen that has not reached

the oil window. Most of the organic-rich samples belong
to Skinias formation and some on the Viannos formation,
which are the older Miocene units in the Messara basin [4–6,
50]. The analysis of the samples belonging to the upper-
most Miocene succession (Vrysses Group) has also shown
the existence of good, type-III kerogen source rocks (up to
2% of TOC) with fair to good hydrocarbon generation poten-
tial with an average of 2.1 mg HC/g rock [7].

Similar geochemical studies have been made in the adja-
cent basins of Crete. In Eastern Crete, Zelilidis et al. [53]
presented the geochemical analysis of 14 late Miocene sam-
ples in the Sitia basin (Faneromeni formation), and 12
Pliocene samples in the Ierapetra basin (Makrilia forma-
tion), which showed a TOC close to 1%. The samples of the
Faneromeni formation belong to the Vrysses Group [72] and
are time-equivalent to the Messara sediments. Both sample-
sets showsimilarities indicating to thepresenceof a thermally
immature type-III kerogen. In Gavdos island, the organic
matter from 53 samples belonging to Metochia formation
(Tortonian) was characterized as kerogen type III and IV,
with fair potential for gas and/or oil hydrocarbon generation.
The TOC-rich samples are found in the lower part of the
section with values as high as 2–3%. The studied samples
were thermally immature [73].
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Fig. 4 Line 2 is located in the eastern deeper part of the basin and Line 6 in the central shallower part. The interpretation of the main faults
(dashed lines) and the top-horizons of the Basement, the Viannos formation and Skinias formation are shown. The interpretation of the Neogene
Top-horizons was controlled only by surface data. The vertical axis in ms TWT

Fig. 5 Seismic interpretation of the basement top in Lines 4, 8 and 10. The quality of those seismic sections was poor. The interpretation was based
on the surface geology and the interpretation of the cross-cutting sections. The vertical axis in ms TWT
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Fig. 6 TOC Rock–Eval results on cuttings from the Well D [5]. The
analysis was performed every 4 m-interval. Based on the surface geol-
ogy, the main part of the well seems to be within the Skinias formation

In this study, the geochemical analysis of 12 samples is
presented (Table 2). The TOC values range between 0.1 and
0.6% while one sample reaches 3.9%. The TOC values are
low or marginally above the 0.5% TOC cutoff to be char-
acterized as a fair source rock [Fig. 7, 674]. However, TOC

values lower than 0.5% can potentially contribute to biogenic
gas generation [5, 75].

The S1 values are close to zero, indicating that the organic
matter is still at the early stage of diagenesis. The S2 values
are generally low below 1 mg HC/g rock. The Tmax values,
which are used as a maturity index of the organic matter [59],
indicate generally immature organic matter except for 2 sam-
ples that have entered the oil window. Part of the samples is
in the gas-prone kerogen area in the van Krevelen diagram
(Fig. 7), while the rest of themhave oxidized kerogen or show
extremely high values of Oxygen Index (OI) which poten-
tially is explained as immature organic material of terrestrial
origin [5].

3.2.2 Reservoir Rocks

The sedimentary fill in Messara basin is dominated by con-
tinental and shallow marine sediments in the early extension
phase, followed by deeper marine deposits as extension con-
tinues [50]. The sandstones observed in the basin are mainly
found as loose sand to low compacted sandstone, typical of a
fluvial/lacustrine environment to a shallow marine [50, 51].
Similar deposits also exist in the adjacent Ierapetra basin. The
sediment sorting and the associated porosity are controlled
by their distance to the main sediment source areas [13].

The core plugs have been measured in terms of porosity
and permeability belong to the three Tefelion stratigraphic
Group (Viannos, Skinias and Ambelouzos formations) and
the “Lago Mare” deposits. A porosity mean value of 19,
11, 19, and 34% has been calculated out of the 137 sam-
ples, respectively (Fig. 8). The Skinias open marine deeper
sediments show smaller porosities values compared to the
fluvial-lacustrine of the Viannos formation and the shallow

Fig. 7 Plots of the geochemical results. Orange cycles: Miocene surface samples taken in the context of the current study. Green triangles: Published
geochemical analyses of surface or ditch cutting samples from the Miocene succession in Messara basin from [5–7]
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Fig. 8 Porosity distribution per stratigraphic formation

marine deposits of the Ambelouzos formations. The high
porosity values of the “Lago Mare” deposits are explained
by the marly nature of the deposits which usually show high
porosity but small permeability values (low interconnection
of the pores’ space).

The correlation between permeability and porosity is usu-
ally illustrated on poro/perm diagrams. Typically, higher
porosity values result in better permeability because more
pore volume gives more or larger flow paths. In the case that
this is not the case, the explanation should be found on factors
like the way the pore volume is interconnected, the litholog-
ical composition of the rock, the depositional environment,
the diagenetic events.

The poro/perm plots are useful to define different
poro/perm groups representative of different reservoir rock
types. Such a grouping has been made on the available 25
samples (Fig. 9). Two different trends can be drawn on this
dataset which lead consequently into 2 poro/perm Groups.
The definition of the Groups was based on the rule that
each of the Groups should not exceed 2 or a maximum of
3 orders of magnitude in permeability. Group#1 is character-
ized by poor permeability values ranging from 1mD down
to 0.01mD. Most of the “Lago Mare” and Skinias samples
belong to this Group. Typically, both formations are charac-
terized by marly/clayey sand lithologies. The nature of these
lithologies could explain the higher porosity values and, at
the same time, the lower permeability values. The porosity
network usually lies in the microporosity range, which does

not favor an extensive pore interconnection. Group#2 is char-
acterized by higher permeabilities (> 1mD) which reach up
to approximately 30mD, with good porosity ranges, indica-
tive of good porous rock. Most of the samples in this Group
belong to the Ambelouzos formation, which comprises ter-
restrial to shallow-water sandstones.

4 Discussion

4.1 Messara Subsurface Structure

The seismic lines discussed in this paper provide an insight
into the Messara basin’s subsurface structure. The seismic
interpretation shows that the Messara basin is separated into
three parts: western, central, and eastern. The separation is
due to the existence of two subsurface basement highs (Fig. 3,
Fig. 10). Both eastern andwestern parts comprise the greatest
depths, while the central part is approximately 400 m shal-
lower. The two basement highs reach to such shallow depths
that the seismic can hardly image the strong and continu-
ous reflector identical to the Top surface of the pre-Neogene
basement. Therefore, seismic on those highs have a rather
chaotic character.

The seismic lines’ coverage does not extend until the
alpine basement outcrops, so we cannot set the basin bound-
aries with certainty. In such a case, surface geology was used
to extend the seismic information. Specifically for the east-
ern part, the basement gets gradually shallower beyond lines
2 and 3. This is because the basement crops out toward to
the East and to the North (Dikti Mountains, Fig. 1) and that
the northern boundary ofMessara basin is the nearby Central
Herakleion Ridge which separates Messara from Herakleion
basins [29, 51, Fig. 1]. Therefore, the deepest part of the
basin that the seismic line 3 covers is at around 1 s TWT
(Fig. 3). Using a typical average velocity for the Miocene
clastic deposits at 3000 m/s [67], the deepest part is calcu-
lated to be around 1500m. This is consistent with the 1400m
of cumulative vertical motion from Tortonian to Messinian
time span estimated by Zachariasse et al. (2011) [51]. The
basin depocenters in this area have accommodated the depo-
sition of the largest portion of the Neogene succession. Since
both Viannos and Skinias formations comprise the organic-
rich sediments, this part of the basin has a significant potential
to generate shallow gas (Fig. 4).

4.2 Tectonic Activity

The two major bounding faults, to the South and the West,
were activated after the deposition of the two formations. The
wedge-like shape of Ambelouzos formation shown in Line
2 on the southern end of the seismic section, suggests syn-
tectonic deposition of Ambelouzos formation. The activation
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Fig. 9 Poro/perm diagrams of outcrop samples in Messara basin (for
location see Fig. 1). From top to bottom, the graphs illustrate the poros-
ity and permeability valuesmeasured under the three different confining
pressures of 25, 100, and 200 Atm, respectively. In the left column, the

samples are color-coded as per the lithostratigraphic unit they belong to,
while in the right column, the samples are grouped into two poro/perm
types

of these major bounding faults should be regarded as part
of the fragmentation event of the Messara basin that started
during the last phase of the Skinias deposition 9.7 – 9.6 Ma
ago [49]. According to Zachariasse et al. [51], until this time
Messara basin had a uniformdeposition throughout the basin.
The eastern part of the basin continued to subside during the
extensional event, whereas the central part of the basin did
not, resulting in greater thicknesses of sediment in the eastern
part of the basin.

The situation is quite different for the western part. The
seismic coverage is inadequate to make an estimate on the
maximum depth. Seismic line 11 (Fig. 3) shows that at the
western-most edge of the seismic line (where Tymbaki sub-
basin is located) normal (or even transtentional) faulting has
significantly deepened the basin to the west. Those faults

should be related to the 070 transtensional fault patterns
observed in the Messara basin [41] which have generated
the Faistos Horst in the same area, which is a pronounced
topographic anomaly at the surface of Miocene formations
(Fig. 1). Faistos Horst has been documented as being the
hydrogeological barrier in between the Tymbaki hydrolog-
ical basin to the West and the rest of the Messara basin to
the East [11]. Near-surface geophysical surveys, water-well
data and seismic data covering the Tymbaki sub-basin show a
general deepening trend of the basement toward the offshore
[76–79].

In the central part of the basin, an extensional regime
resulted in basement subsidence, giving space for the
Miocene sediments to be deposited. However, the pro-
nounced basement high that separates the central from the
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Fig. 10 a The colored-scale structural map of the pre-Neogene base-
ment as resulted from seismic interpretation. The surface exposure of
the basement is colored in gray. In pale transparent yellow, are the areas
where the Neogene sediments outcrop. The area that is covered by the
recent-most sediments is left uncolored. b Perspective view toward the

WSW of the subsurface alpine basement, along with the topographic
relief. c Structural map of the basement (Isodepth contours of the alpine
Basement in absolute depth). The shaded areas correspond to the sub-
surface highs of the basement, which separate the Messara basin into
three distinct parts (seismic section in Fig. 3)
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eastern part of the basin suggests an early (Miocene?) basin
fragmentation. Unfortunately, there are no data for the age of
the oldest sediment that has been deposited on the central part
of the basin. The basin fragmentation has been overprinted
by several transpresionnal faults patterns generating pop-up
structures as shown on the central part of seismic Line 1
(Fig. 3) and Line 6 (Fig. 4). The transpression has deformed
both the basement and the overlyingMiocene sediments. The
Miocene sediments appear to be conformably uplifted over
the basement, indicating that the transpression should have
happened at least after the deposition of the oldest Miocene
sediments (Viannos Formation) in this section. Moreover,
van Hinsbergen and Meulenkamp [36] suggest that trans-
pression started during the deposition of Skinias formation
(after 10 Ma).

In the late Miocene oblique movements were present due
to the Aegean Arc curvature [34, 36]. A left-lateral trans-
pressional regime was suggested to explain the large open
folds existing in Crete [36]. The regional strike-slip tecton-
ics that characterizes the southeastern part of theHellenicArc
since Pliocene has generated a general array of transtensional
(e.g., Ptolemy, Pliny, and Strabo troughs) and transpressional
structures. These structures influenced the structural evolu-
tion of the central part of Messara basin since Pliocene [42
and references therein].

This recent tectonic pattern is aligned to the one that char-
acterizes the SE Aegean region. The stress field is mainly
extensional in an NNE–SSW direction combined with con-
siderable strike-slip motions as defined from earthquake slip
vectors and geodetically determined horizontal motions [80].
The same authors also suggested four different seismic zones
that are highly oblique to the overall Aegean–Anatolia con-
vergence, suggesting partitioning strain into strike-slip and
normal components. In fact, theNNE-SSWtrend is also justi-
fied by focal mechanisms on the onshore central Herakleion
[45]. In the Herakleion basin, the epicenter cluster trends
NNE–SSW, while in Messara Basin two clusters have been
identified trending NE–SW in the northwestern part and N–S
in the central part. The epicenter distribution in the onshore
area shows that most of the seismic activity is concentrated
along the eastern margin of the Heraklion Basin and in the
Messara graben to the South. The fault plane solutions in the
onshore area indicate both normal and reverse motion and, in
some cases, significant horizontal slip component [45]. We,
therefore, interpret the compressional structures interpreted
on seismic belonging to the same context of this transpres-
sional regime.

4.3 Biogenic Gas Accumulations

The existence of shallow gas in the Messara basin has been
identified by the several gas seepages in the area (Fig. 1).
According to the available geochemical analyses, those gases

are characterized as biogenic [4–6]. However, no integrated
study has been conducted so far to evaluate efficiently the
shallow gas potential of the area. The available seismic
dataset covers the main part of the basin and broadly reveals
the subsurface extent of the Neogene deposits. The seismic
interpretation presented in this paper shows that the depocen-
ter of the basin in the eastern area ofMessara. This depocenter
is covered by approximately 1500 m thick Neogene sedi-
ments.

The great thickness that the Neogene deposits have in this
part of the basin could also indicate thatmore organic-bearing
layers also exist in the same area. This assumption is sup-
ported by the fact that the location of the wells that have
encountered gasses are few kilometers to the N/NNW of the
depocenter (Fig. 1). The general dip angle/direction of the
Neogene strata is 20 o-25° to the S/SSE [66], suggesting that
any gas generated in the thicker part of the basin has possi-
bly followed an up-dip fairway to charge the water-wells to
the NNW area of the depocenter (Fig. 11). The geochemical
analyses of samples taken from Vianos and Skinias forma-
tions from the same area have proved the existence of source
rock in the area, which is however of fair to poor quality.
The capability of this kind of source rocks to generate large
quantities of gas cannot be assessedwith the current data. Fur-
ther studies and thermal basin modeling are recommended
to evaluate the gas generation potential of the Messara basin.

Considering the fair source rocks quality, an additional
scenario to explain the gas shows could be the existence of
shale gas. The gas is generated in the fine-grained sediments
and remains absorbed. This scenario favors the cases where
significant portions of shaley sections exist, as is the case in
well D (Fig. 6). However, since there is no information to
define which were the well intervals that have given the gas,
there is no definite answer on whether the Neogene succes-
sion in Messara hosts conventional gas or shale-gas, or even
a hybrid. Moreover, the existence of coals in the Viannos
and Ambelouzos formation [34, 50] could also be an addi-
tional source of the gas. The coal beds, however, seem to
be localized rather being extensive throughout the basin and
therefore are regarded as to have a limited contribution in the
gas generation.

Regardless of the source quality and the gas quantities,
the proposed concept suggest that the gas migrates from the
deeper part of the basin and accumulates into the coarse-
grained sediments following the sediments layering and
facilitated from the existence of fault zones (Fig. 11). The
alternations of fine-grained and coarse-grained sediments in
the whole Miocene succession [34, 36, 50] provide an effi-
cient stratigraphic trapping mechanism.
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Fig. 11 Geoseismic section along seismic Line 2 illustrates a simplified
concept for explaining the gas shows in Well-D (Well-D is projected
1 km on the section). According to this concept, the great thickness
of the Neogene deposits around the basin depocenter and the greater

depth that the organic-bearing Viannos (colored green) and Skinias for-
mations (colored orange) have reached, could have generated the gas
which migrates to the NNW following the bed strata and the faults and
observed on the water wells (such as Well-D). Vertical scale in meters
exaggerated × 2

4.4 A Potential Play in the Area Between
the Tymbaki Sub-basin and Gavdos

The insufficient seismic coverage in the western part of the
basin, the so-called Tymbaki sub-basin, and the poor quality
of line 11 do not help in picking the basement on seismicwith
confidence. However, a deepening trend of the basement can
be inferred from seismic sections. The deepening trend is
also observed on the Top-Miocene Horizon, as derived by
shallow well and geophysical data in Tymbaki [78, 79]. In
the offshore area on the Gulf of Messara, the pre-Neogene
basements keep getting deeper, creating a trench in between
the south coasts of Crete and the island of Paximadia in the
Gulf of Messara [76, 77]. The Neogene deposits are found
in even greater depths beyond the Paximadia islands [77, 81,
82]. Following this deepening trend, a fair assumption can
be drawn that the organic-rich sediments sitting in this area
may have possibly reached the maturation depths.

Even though the Neogene sediments in this area are later-
ally equivalent to the ones in the onshore are of Messara, the
depositional environment seems to be different compared to
Messara basin, as during Serravallian-Tortonian period the
area of Tymbaki sub-basin was a transition zone in between
the fluvio-lacustrine deposits in central Crete and the deep
marine deposits in Gavdos Island [36]. Consequently, this
type of data demonstrates that the Tymbaki sub-basin has a
slightly different evolutionary history compared to the rest
of the Messara basin, which might also support the exis-
tence of a different hydrocarbonplay. In fact, the geochemical
analysis of Tortonian samples located further to the SW in
Gavdos Island have given higher TOC values, but still ther-
mally immature [73]. It is therefore suggested that the area
in between the Tymbaki sub-basin and the Gavdos island

hosts organic-rich sediments which could have been buried
in greater depths, possibly entering the oil window [53, 73].

5 Conclusions

This paper describes the subsurface structure of the Messara
basin which is divided into three distinct parts. The western
and the eastern parts exhibit the greatest depths, while the
central part is significantly more elevated. The depocenter of
the east part is approximately 1 s TWT covered by Miocene
clastic sediments. Regarding thewestern part of the basin, the
basement gets significantly deeper west of Faistos Horst. The
limited seismic data the deepest pat that has been mapped is
approximately 1 km below sea level in theWestern depocen-
ter and 1,4 km in the Eastern.

The seismic lines reveal the complicated multi-phased
tectonic history of the Messara basin. The first phase is
characterized by extension which resulted in creating the
accommodation space for the Miocene sediments. The sec-
ond one is a compressional phase affectingmainly the central
part of the basin, which deformed both the basement and the
Miocene sediments. The timing of the second event seems
to be during the latest stage of the deposition of the Neogene
sediments.

The inverse activation of the pre-existing bounding nor-
mal faults in the central part of the basin has formed pop-up
structures. Such structures are part of the regional strike-slip
tectonics acting in the southeastern edge of the Hellenic Arc
which has also formed similar structures in the area (i.e.,
Ptolemy, Pliny, and Strabo trenches).

The gas shows have been encountered on water-wells
located at the eastern part of the Messara basin, where the
deeper part of the basin has been identified on seismic. The
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1500 m thick organic-bearing Miocene sediments are sug-
gested to act as the source for the observed biogenic gas.
The gas migration follows the general dip direction of the
Miocene strata charging the sediments located in the area to
the NNW of the basin depocenter. The gas accumulates into
good porosity sandstones trapped by the vertical and lateral
alternations with claystones and marls.

Given that the Miocene basin was extended to the area
south of Crete, a hypothetical play can be argued for the
Tymbaki sub-basin following similar assumptions like in the
Messara basin in terms of source, reservoir, and trapping
mechanism. The Tymbaki sub-basin is probably part of a
petroleum system extended up to Gavdos island. The source
rocks are expected to be buried in greater depths in the area
between Gavdos and Tymbaki.

It is recommended that additional studies should be carried
out to describe the gas play of the eastern part of the Messara
basin, as well as, to explore the existence of any working
hydrocarbon system in the offshore area between Tymbaki
sub-basin and Gavdos island.
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52. Mantzouka, D.; Kvaček, Z.; Teodoridis, V.; Utescher, T.; Tsaparas,
N.; Karakitsios, V.: A new late Miocene (Tortonian) for a from
Gavdos Island in southernmost Greece evaluated in the context
of vegetation and climate in the Eastern Mediterranean. Neues
Jahrbuch für Geologie und Paläontologie - Abhandlungen 275(1),
47–81 (2015). https://doi.org/10.1127/njgpa/2015/0448

123

https://doi.org/10.1016/j.jsg.2013.10.003
https://doi.org/10.1127/njgpa/2015/0448


Arabian Journal for Science and Engineering (2022) 47:7449–7465 7465

53. Zelilidis, A.; Tserolas, P.; Chamilaki, E; Pasadakis, N.;
Kostopoulou, S.; Maravelis, A.G.: Hydrocarbon prospectivity in
the Hellenic trench system: organic geochemistry and source rock
potential of upper Miocene-lower Pliocene successions in the east-
ern Crete Island. Greece. Intr. J. Earth Sci. 105, 1859–1878 (2016)

54. Zidianiakis, G.; Iliopoulos, G.; Zelilidis, A.; Kovar-Eder, J.: Pinus
remains from the Pitsidia plant assemblage document coastal pine
forests in southern Crete during the late Miocene. Rev. Palaeobot.
Palynol. 235, 11–30 (2016). https://doi.org/10.1016/j.revpalbo.
2016.09.003

55. Zidianiakis, G.; Iliopoulos, G.; Zelilidis, A.; Kovar-Eder, J.: Three
(middle to) lateMiocene plant macroremain assemblages (Pitsidia,
Kassanoi andMetochia) from theMessaraGavdos region, southern
Crete. Acta Palaeobotanica 60(2), 333–437 (2020). https://doi.org/
10.35535/acpa-2020-0018

56. Espitalié, J.; Laporte, J.L.; Madec, M.; Marquis, F.; Leplat, P.;
Paulet, J.; Boutefeu, A: Méthode rapide de caractérisation des
rochesmères, de leur potentiel pétrolier et de leur degré d’évolution.
Rev Inst Fr Pét 32, 23–42 (1977)

57. Espitalié, J.; Deroo, G.; Marquis, F.: La pyrolyse Rock-Eval et ses
applications. Première partie. Rev Inst Fr Pét 40, 73–89 (1985)

58. Tyson, R.V.: Sedimentary organic matter, organic facies and paly-
nofacies. Chapman and Hall, London (1995)

59. Tissot, B.P.;Welte, D.H.: Petroleum formation and occurrence, 2nd
edn. Springer, Berlin (1984)

60. Hunt, J.M.: Petroleum geochemistry and geology, 2nd edn.
W.H.Freeman and Company, New York (1996)

61. Jones, R.W.: Comparison of carbonate and shale source rocks. In:
Palacas JG (ed) Petroleum geochemistry and source rock potential
of carbonate rocks, vol 18. AAPG Stud. Geol., Tulsa, 163–180
(1984)

62. Filomena, C.M.; Hornung, J.; Stollhofen, H.: Assessing accuracy
of gas-driven permeability measurements: a comparative study of
diverse Hassler-cell and probe permeameter devices. Solid Earth
5, 1–11 (2014). https://doi.org/10.5194/se-5-1-2014

63. Bonneau,M.; Jonkers, H.A.;Meulenkamp, J.E.: Geologicalmap of
Greece, Timbakion sheet, scale 1:50.000, GreekGeological Survey
(I.G.M.E.), Athens (1984)

64. Davi, E.; Bonneau, M.: Geological Map of Greece, Antiskari
sheet, scale 1:50.000, Greek Geological Survey (I.G.M.E.), Athens
(1985)

65. Vidakis, M.; Meulenkamp, J.E.; Jonkers, H.A.: Geological Map
of Greece, Mohos sheet, scale 1:50.000, Greek Geological Survey
(I.G.M.E.), Athens (1989)

66. Vidakis, M.; Jonkers, H.A.; Meulenkamp, J.E.: Geological Map of
Greece, Epano Archanes sheet, scale 1:50.000, Greek Geological
Survey (I.G.M.E.), Athens (1994)

67. Kokkalas, S.; Kamperis, E.; Xypolias, P.; Sotiropoulos, S.; Kouk-
ouvelas, I.: Coexistence of thin- and thick-skinned tectonics in
Zakynthos area (western Greece): Insights from seismic sections
and regional seismicity. Tectonophysics 597–598, 73–84 (2012)

68. Shurr, W.G.; Ridgley, L.J.: Unconventional Shallow Biogenic Gas
Systems. AAPG (2002)

69. Clayton, C., 1992. Source volumetrics of biogenic gas genera-
tion. Bacterial gas: proceedings of the Conference held in Milan,
September 25–26 (1989)

70. Rice, D.D.; Claypool, G.: E: Generation, accumulation and
resource potential of biogenic gas. Am. Assoc. Pet. Geol. Bull.
74, 1343 (1981)

71. Schoell, M.: Genetic characterization of natural gases: AAPGBul-
letin 67(12), 2225–2238 (1983)

72. Krijgsman, W.; Hilgen, F.J.; Langereis, C.G.; Zachariasse, W.J.:
The age of the Tortonian/Messinian boundary. Earth Planet Sci
Lett 121, 533–547 (1994)

73. Pyliotis, I.; Zelilidis, A.; Pasadakis, N.; Panagopoulos, G.;Manout-
soglou, E.: Source rock potential of the late Miocene Metochia
formation of Gavdos island, Greece. Bull Geol Soc Greece, XLVII
2, 871–879 (2013)

74. Tissot, B.P.; Welte, D.H.: Petroleum Formation and Occurrence.
2nd Edition, Springer-Verlag, Berlin, 699 (1984)

75. Pang, X.; Zhao, W.; Su, A.; Zhang, S.; Li, M.; Dang, Y.; Xu, F.;
Zhou, R.; Zhang, D.; Xu, Z.; Guan, Z.; Chen, J.; Li, S.: Geochem-
istry and origin of the giant quaternary shallow gas accumulations
in the eastern Qaidam Basin, NW China. Org. Geochem. 36,
1636–1649 (2005)

76. Karvelis, P.: A contribution to the knowledge of the Hellenic Arc
geodynamic regime based on the identification of active faults. Uni-
versity of Athens, Geological department, Phd Thesis, 259 (1996)
(in Greek)

77. Kokinou, E.; Alves, T.; Kamberis, E.: Structural decoupling in
a convergent forearc setting (southern Crete, Eastern Mediter-
ranean). Geol. Soc. Am. Bull. 124, 1352–1364 (2012)

78. Panagopoulos, G.; Manoutsoglou, E.; Vafidis, A.; Soupios, P.; Bel-
las, S.: Subsurface Structure of Tympaki Basin (Crete, Greece)
based on well and geophysical data. EAGE, proceedings the 8th
Congress of Balkan Geophysical Society, Chania, 27176 (2015)

79. Panagopoulos, G.; Soupios, P.; Vafidis, A.; Manoutsoglou, E.:
Integrated use of well and geophysical data for constructing 3D
geological models in shallow aquifers: a case study at the Tym-
bakion basin, Crete. Greece. Environm. Earth Sci. 80, 142 (2021).
https://doi.org/10.1007/s12665-021-09461-5

80. Kokkalas, S.; Aydin, A.: Is there a link between faulting and
magmatism in the south-central Aegean Sea? Geol. Mag. 150(2),
193–224 (2013)

81. Alves, T.M.; Lykousis,V.; Sakellariou,D.;Alexandri, S.;Nomikou,
P.: Constraining the origin and evolution of confined turbidite
systems: Southern Cretan margin, Eastern Mediterranean Sea
(34°30-36°N). Geo-Marine Lett 27, 41–61 (2007). https://doi.org/
10.1007/s00367-006-0051-1

82. Manta, K.; Rousakis, G.; Anastasakis, G.; Lykousis, V.; Sakel-
lariou, D.; Panagiotopoulos, I.P.: Sediment transport mechanisms
from the slopes and canyons to the deep basins south ofCrete Island
(southeast Mediterranean). Geo-Mar. Lett. 39, 295–312 (2019).
https://doi.org/10.1007/s00367-019-00575-1

123

https://doi.org/10.1016/j.revpalbo.2016.09.003
https://doi.org/10.35535/acpa-2020-0018
https://doi.org/10.5194/se-5-1-2014
https://doi.org/10.1007/s12665-021-09461-5
https://doi.org/10.1007/s00367-006-0051-1
https://doi.org/10.1007/s00367-019-00575-1

	Α study on the Gas-bearing Miocene Sediments of MESSARA Basin in Crete (Greece) by Using Seismic Reflection, Geochemical and Petrophysical Data
	Abstract
	1 Introduction
	1.1 Geological Setting
	1.2 Neogene Deposits

	2 Materials and Methods
	2.1 Seismic Reflection Data
	2.2 Geochemical Analysis
	2.3 Petrophysical Measurements

	3 Results
	3.1 Interpretation of Seismic Data
	3.2 Gas Occurrences in the Miocene Sediments
	3.2.1 Source Rocks
	3.2.2 Reservoir Rocks


	4 Discussion
	4.1 Messara Subsurface Structure
	4.2 Tectonic Activity
	4.3 Biogenic Gas Accumulations
	4.4 A Potential Play in the Area Between the Tymbaki Sub-basin and Gavdos

	5 Conclusions
	Acknowledgements
	References




