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Abstract: This Special Issue reports research spanning from the analysis of indirect data, modelling,
laboratory and geological data confirming the intrinsic multidisciplinarity of the gas hydrate studies.
The study areas are (1) Arctic, (2) Brazil, (3) Chile and (4) the Mediterranean region. The results
furnished an important tessera of the knowledge about the relationship of a gas hydrate system
with other complex natural phenomena such as climate change, slope stability and earthquakes, and
human activities.
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1. Introduction

In recent decades, gas hydrates have been considered a possible reservoir of natural gas, even if
the actual global estimate is very rough [1–4]. The growing interest in gas hydrate of the scientific and
industrial communities is focused on: (1) the assessment of methane hydrate as a new “clean” energy
source, (2) the relationship between gas hydrate and global climate change, (3) the geological hazards
connected to the gas hydrate, and, recently, (4) a wide range of industrial applications based on the
specifics of the processes of gas hydrates formation and dissociation. Gas hydrates can be related to
environmental risks because their dissociation could affect seafloor stability and release methane (and
associated gases) into the water column. Also well known, methane is an important greenhouse gas
and any release of it into the atmosphere would have an impact on climate change [1,4–9].

Gas hydrates could have an influence on geopolitics. In fact, the biggest natural gas importers as
China, India and Japan have significant hydrate reserves and started challenging and generous funded
programs for marine gas hydrate production, i.e., [10–14]. On the other hand, other countries, such as
Europe, have reduced financial resources dedicated to this topic.

Generally, gas hydrate deposits are investigated using geophysical methods, i.e., [15,16]. A
significant progress/improvement in the twenty-first century of the deep water high resolution
geophysical tools and technology is due mainly to acceleration of gas hydrate studies. The seismic
technique, which is used mostly for gas hydrate investigation, allows for detecting a clear indicator of
the boundary between hydrate and free gas accumulation, known as bottom simulating reflector (BSR),
i.e., [17]. Moreover, the seismic data provide information about the geometry of the main geological
structures, allowing for possible explanations of the presence/absence of gas hydrate [18,19]. In the last
few years, the integration of geophysical (mainly seismic and electromagnetic data), geochemical, and
heat-flow data have allowed for detecting and characterizing gas hydrate and free gas volumes and
their distribution in the sediments, i.e., [20–23]. Thus, reviews of extensive geophysical surveys and
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direct measurements combined with geological interpretation and theoretical modelling will increase
our understanding of the occurrence, distribution, and concentration of gas hydrate and the underlying
free gas beneath the ocean bottom and in the permafrost regions, i.e., [24–29].

This Special Issue has offered to the scientific community an opportunity to illustrate
multidisciplinary research developed in part of the word, such as Arctic and offshore Chile, where the
interest about gas hydrate is from an energy and environmental point of view.

2. An Overview of the Special Issue

The Special Issue is composed by 9 scientific articles and 1 review paper, spanning from analysis of
indirect data, modelling, laboratory and geological data confirming the intrinsic multidisciplinarity of
the gas hydrate studies. The papers are grouped based on the study areas that are (1) Arctic, (2) Brazil,
(3) Chile and (4) Mediterranean region.

2.1. Arctic

Natural gas hydrates are discovered for the first time in a permafrost region in Russia in 1976 [30].
Then, the number of studies was increased year by year, mainly due to the rapid increase of the surface
temperature in this region in order to understand the relationship between gas hydrate stability and
global warming, i.e., [31–34].

Chuvilin et al. [35,36] modeled the role of salt migration and warming in the destabilization of
intra permafrost hydrates in order to understand if the destabilization of intrapermafrost gas hydrate
could be related to methane emission on the Arctic shelf. The intrapermafrost hydrate could be
present at a shallow depth and transform into a relict state. In the paper [35], the authors’ studies
of the interaction of frozen sandy sediments containing relict methane hydrates with salt solutions
of different concentrations at negative temperatures to assess the conditions of intrapermafrost gas
hydrates dissociation. The results of the experiments are that the migration of salts into frozen
hydrate-containing sediments activates the decomposition of pore gas hydrates and increases the
methane emission. Moreover, in the paper [36], the authors analyzed the effect of temperature increase
on frozen sand and silt containing metastable pore methane hydrate in order to reconstruct the
conditions for intrapermafrost gas hydrate dissociation. The experiments showed that the dissociation
process in hydrate-bearing frozen sediments exposed to warming begins and ends before the onset of
pore ice melting. The critical temperature sufficient for gas hydrate dissociation varies from −3.0 ◦C to
−0.3 ◦C and depends on lithology (particle size) and salinity of the host frozen sediments. Considering
an almost gradientless temperature distribution during degradation of subsea permafrost, even minor
temperature increases can be expected to trigger large-scale dissociation of intrapermafrost hydrates.
So, References [35,36] have furnished an important piece of the knowledge about the mechanism of
massive methane release from bottom sediments of the East Siberian Arctic shelf.

Many studies have demonstrated the coexistence of subaqueous permafrost, gas hydrate and the
effect of the subaqueous on their formation/dissociation, i.e., [37]. Nevertheless, before Reference [38],
an empirical method, which allows for an easy initial estimation of the conditions sufficient to have the
stability of hydrate below subaqueous permafrost in absence of direct geological or geophysical data,
was missed. In this Special Issue, for the first time a quick-look method that allows estimating the
steady-state conditions for gas hydrate stability in the presence of subaqueous permafrost is presented.
Different thermodynamic conditions typical of subaqueous permafrost in shallow waters both in
marine and lacustrine environments are considered. The approach is derived for pressure, temperature,
and salinity conditions typical of subaqueous permafrost in marine (brine) and lacustrine (freshwater)
environments and it can be easily and reliably applied to assess if the sufficient conditions to have
hydrate stability are satisfied.
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2.2. Brazil

In this area the gas hydrate is explored only recently. This Special Issue reported the review of the
evidences of venting from gas hydrate provinces along Brazil’s continental margin in [39]. In literature,
only indirect indications of the presence of gas hydrate were reported analyzing seismic data in two
deep-water depocenters: the Rio Grande cone in the Pelotas Basin and the Amazon deep-sea fan in the
Foz do Amazonas basin. Recently, direct data, such as seafloor sampling of gas venting, confirmed gas
hydrate presence. The modeling of the hydrate stability zone confirmed that the hydrate is stable for
water depth greater than about 500–700 m. Moreover, the identified gas venting is located along the
feather edge of the stability zone, suggesting gas hydrate dissociation or upward fluid flow through
the stability zone facilitated by tectonic structures recording the gravitational collapse of depocenters.

Reference [40] focused their attention on the Amazon deep-sea fan and adjacent continental
slope, investigating the molecular stable isotope compositions of hydrate bound and dissolved gases
in sediments. A dominant microbial origin of methane via carbon dioxide reduction was detected;
however, a possible mixture of thermogenic and microbial gases are recovered in sites located in the
adjacent continental slope.

Finally, Reference [41] analyzed the deep structures related to the high concentrations of CO2

detected along the southeastern Brazilian Margin by using a multidisciplinary approach. Gravimetric
and magnetic potential methods were used to identify major intrusive bodies, crustal thinning and
other geotectonic elements of the southeastern Brazilian Margin. Modeling based on magnetic, gravity
and seismic data suggests a major intrusive magmatic body just below the reservoir where a high CO2

accumulation was found. Small faults connecting this magmatic body with the sedimentary section
could be the fairway for the magmatic sourced gas rise to reservoirs, confirming that mapping and
understanding the crustal structure of sedimentary basins are important steps for “de-risking” in the
exploration process.

To conclude, these three papers indicated that it is important to model the quantities of gas that
may be transferred from sediments to the oceans offshore Brazil. Considering the possible existence of
gas hydrate provinces in other basins along the Brazilian margin, further investigations are necessary.

2.3. Chile

In the last decade, the studies about gas hydrate presence along the Chilean Margin are increased
rapidly, furnishing information about distribution and quantification of gas hydrate and free gas from
seismic data analysis in several zones of the Chilean Margin, i.e., [42,43]. Here, Reference [44] presented
an analysis of the spatial distribution, concentration, estimate of gas-phases (gas hydrate and free
gas) and geothermal gradients in the accretionary prism, and forearc sediments offshore Taitao at the
Chile Triple Junction. Seismic data analysis indicated high gas hydrate concentration and extremely
high geothermal gradients. The large amount of hydrate and free gas estimated, the high seismicity,
the mechanically unstable nature of the sediments, and the anomalous conditions of the geothermal
gradient set the stage for potentially massive releases of methane to the ocean, mainly through hydrate
dissociation and/or migration directly to the seabed through faults. So, the Chile Triple Junction is
an important methane seepage area and should be the focus of novel geological, oceanographic, and
ecological research.

In order to extrapolate information about potential hydrate distribution along the whole Chilean
margin, Reference [45] modeled the gas hydrate stability zone using a steady state approach to evaluate
the effects of climate change on gas hydrate stability. Present day conditions were modelled using
published literature and compared with available measurements. Then, the effects of climate change
on gas hydrate stability in 50 and 100 years on the basis of Intergovernmental Panel on Climate
Change and National Aeronautics and Space Administration forecasts are modeled. An increase in
temperature might cause the dissociation of gas hydrate that could strongly affect gas hydrate stability.
Moreover, it is important to consider that the high seismicity of this area could have a strong effect on
gas hydrate stability.
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The results of these two papers confirm that the Chilean margin should be considered as a natural
laboratory for understanding the relationship between gas hydrate systems and complex natural
phenomena, such as climate change, slope stability and earthquakes.

2.4. Mediterranean Region

In the Mediterranean Sea, evidences of the hydrate presence are unclear from indirect data analysis.
Nerveless, the Eastern Mediterranean Sea is expected to host a significant amount of hydrate because
large areas of the seabed are located within the hydrate stability zone [46]. Multiple observations
indicate the availability of gas, required for the formation of hydrate, across the seafloor. In particular,
numerous mud volcanoes are present, primarily along the accretionary complex and to a lesser degree
in the Nile fan [47]. The scope of known seepage is continuously expanding as new data become
available, providing further evidence for the potential for hydrate formation. To date, hydrate has
been sampled only in several mud volcanoes of the accretionary complex, starting in the Anaximander
Seamount region, i.e., [48,49]. In addition, a recent 3D dataset acquired in the Levan Basin, southeastern
Mediterranean Sea, suggested that this region could be promising in regards to gas hydrate [50].
Reference [50] estimated the potential inventory of natural gas hydrate in the Levant Basin correlating
the gas hydrate stability zone with seismic indicators of gas and providing a potentiality of carbon in
this area.

Another key point to understand is whether or not the Mediterranean region hosted hydrate in
the past. Compared to the abundant literature on present-day gas hydrates, only few studies deal with
their past occurrence or with fossil seep-carbonates recording the dissociation of gas hydrates, i.e., [51].
In fossil sediments, the paleo-occurrence of gas hydrate is particularly challenging to assess, due to the
lack of well-established proxies and to the uncertainties on the reconstruction of paleoenvironmental
conditions (pressure, temperature, depth) controlling the hydrate stability field. Clathrate-like
structures have been reported in fossil deposits and can be used as an indication of past gas hydrate
destabilization, i.e., [52]. Additional evidences can be yielded by geochemical signatures, the large
dimensions of seep-carbonate deposits (several hundred meters in lateral extent and tens of meters in
thickness) and the association with sedimentary instability (soft-sediment deformations) in hosting
sediments [53]. Reference [54] could be considered pioneer in this background. In fact, they combined
multiple field and geochemical indicators for paleo-gas hydrate occurrence based on present-day
analogues to investigate fossil seeps located in the northern Apennines. They recognized clathrate-like
structures, such as thin-layered, spongy and muggy textures and microbreccias. Non-gravitational
cementation fabrics and pinch-out terminations in cavities within the seep-carbonate deposits are
ascribed to irregularly oriented dissociation of gas hydrates. Additional evidences for paleo-gas
hydrates are provided by the large dimensions of seep-carbonate masses and by the association
with sedimentary instability in the host sediments. Moreover, heavy oxygen isotopic values in the
examined seep-carbonates indicated a contribution of isotopically heavier fluids released by gas hydrate
decomposition. Their result agrees with the calculation of the stability field of methane hydrates for
the northern Apennine wedge-foredeep system during the Miocene indicating the potential occurrence
of shallow gas hydrates in the upper few tens of meters of sedimentary column.

So, References [50,54] suggest that the Mediterranean region should be investigated in order
to understand the reason of the past-presence and the quite-absence of gas hydrate by using a
multidisciplinary approach spanning from field data to modeling.

3. Key Message for Future Research

This Special Issue points out that more studies are necessary to better understand the complexity
of the natural gas hydrate system around the world. More efforts should be devoted to correctly
quantify the global amount of carbon stored in hydrate form and their relationship with other complex
natural phenomena, such as climate change, slope stability and earthquakes, and human activities.
Therefore, we hope that new research will be started in order to acquire new data by using innovative
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technologies to refine the existing theories or define new theoretical models that cover all aspects of
this complex phenomena.
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