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Over recent decades hydrates have been gradually
making their way up the scientific agenda, receiving
correspondingly greater wider societal interest with
time. However, what is most notable to the casual
observer is not the fact that it is broadly recognized
that hydrates have the potential to be a major
environmental hazard or a major new energy source,
but that nobody is exactly shouting about it. There
are several reasons for this. Geological investigations suggest that hydrates were at least partners
in crime in many climatic disasters, such as the
great methane outbursts that caused the mass extinctions at the end of the Permian (Erwin 1994; Krull &
Retallack 2000) or Palaeocene (Dickens et al.
1997). Whilst people are interested in such events,
the immediate instability of possibly ‘lifethreatening’ natural hydrates does not seem to be
their immediate concern; it is clear that they
occurred a long time ago, since when environments
have greatly changed, and it is also apparent that
they were largely precipitated by external triggers
(White 2002; Maclennan & Jones 2006). Likewise,
although they see the potential to produce energyproviding methane from hydrates, initial difficulties
in doing so have dampened interest. In both cases –
as a hazard or resource – the lack of societal focus
largely stems from the body language of the scientific community, which is itself highly uncertain of
the importance of hydrates. Scientists are not
certain enough of their ground to allow a clear direction to be mapped in relation to minimization of the
risk of mass hydrate destablization or widespread
exploitation. To a large degree this uncertainty
centres on our poor fundamental understanding of
the occurrence and stability of sediment-hosted
hydrates. There is no better illustration of this than
the widely fluctuating predictions of global
hydrate reserves we have seen in recent years,
where estimates vary between 1015 and 1019 m3 of
methane gas at STP. Milkov (2003) describes how
improved understanding of the distribution and
concentration of gas hydrates in marine sediments
has led to a readjustment of global estimates

downwards over each subsequent decade, although
the estimate of 1015 m3 is challenged by Klauda &
Sandler (2005), who suggest that a total volume
of 1017 m3 is likely with 1016 m3 located on continental margins. Although there is starting to be a
consensus in the order of 1016 m3 (e.g. Kvenvolden
1998, 2000; Makogon et al. 2007), a range of values
are still used and such apparent uncertainty in
hydrate abundance hardly conveys the message to
the wider community that the scientists know what
they are talking about.
To move this debate along, we considered the
source of our greatest uncertainties and found that
these largely centre around how hydrates are physically stored in sediments at a range of scales. At
present our understanding is extremely crude. We
have very little knowledge about how hydrates
are stored in sediments of different grain size or
texture, whether they dominantly are separated by
water films in inter-grain pores, or whether they
coat grains, how bacteria control authigenic fixation, and whether the mineralogy of host-sediment
influences the microscale sediment –hydrate association. At a larger scale, we have a very poor understanding of the distribution of hydrates within
individual beds, let alone complex heterolithic sequences. Big questions prevail. Do hydrates form pods
that are little influenced by lithology as in many ore
bodies, or are they dominantly stratiform and follow
rules of behaviour that are analogous to hydrocarbons in reservoirs? How much are sediment-hosted
distributions controlled by structural settings,
whether tectonic, gravitational or through diagenetic changes in the sediment (for instance the
development of cavities or veins through shrinkage)? It is clear that our ability to describe such
relationships is very immature, even before we
start to make sense of changing pressure, temperature and salinity regimes, as well as the variation
in natural supply of methane from external sources.
To review our current understanding, and in
order to encourage debate about these issues, we
decided to convene a meeting to which interested
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scientists could look at these many challenges in a
fairly relaxed setting. Consequently, with the
support of the Geological Society Hydrocarbons
Group, a two-day meeting ‘Sediment-Hosted Gas
Hydrates: New Insights on Natural and Synthetic
Systems’ took place at Burlington House, Piccadilly, London on 25–26 January 2006. This was
based on 35 presentations and posters and brought
together over about 100 international hydrate scientists spanning the hazard and resource communities,
as well as those with very different experience, for
instance those involved principally with laboratory
experimentation, mixing with those of geophysical
field studies or geochemical mapping. The main
theme of the meeting was the nature of the primary
hydrate–sediment relationships that control hydrate
stability. This largely addressed the distribution of
natural sediment-hosted hydrates, but also covered
research into synthetic systems. The latter are of
interest as they provide analogues of natural
environments, but in very well calibrated, controlled
laboratory settings where textural relationships and
processes can be mapped and measured. Synthetic
sediment-hosts are also likely to be of interest in
the future as a possible store of greenhouse gases;
the possibility that hydrates could be used to store
large volumes of human-generated carbon dioxide
was discussed at some length in the meeting. The
structure and content of this volume largely reflects
the structure and interests of the meeting and
addresses sediment-hosted hydrates in natural and
synthetic systems separately.

not of methane hydrates (Finley & Kranson 1986).
In particular BSRs form at the interface between
hydrate and free gas, but in the absence of free gas
a BSR will not develop, even if hydrates are
present (Haq 1998). Similarly other cross cutting
reflectors can be formed by diagenetic processes
(Davies & Cartwright 2002). Therefore careful
analysis needs to be of conducted of BSRs before
attributing extensive areas of continental slopes as
hydrate bearing. Because of the unreliability of
much of the BSR evidence, even our local estimates
of hydrate volume are highly uncertain. For
example, in the Gulf of Mexico, where they are of
both biogenic and petrogenic origin and have been
found even at the seabed, Collet & Kuuskraa
(1998) estimated that up to 500 Gton of carbon
occurred as hydrate but Milkov & Sassen (2001) estimated only 5 Gton of carbon. Even if the relationship
between BSRs and hydrates were well established,
the fact that the reported occurrence is strongly
influenced by the identification of BSRs in geophysical surveys conducted for hydrocarbon exploration, suggests that we are likely to have a poor
understanding of the real distribution of hydrates.
Although many areas can be shown to have the
appropriate temperature and pressure conditions,
they are lacking physical samples or geophysical
evidence. Many of these problems are discussed by
Kleinberg (2009), who discusses the problems of
exploring for hydrates and suggests adaptations to
geological and geophysical survey methods.

Characteristic hydrate domains
Natural systems
Setting of natural hydrates
The study of hydrates began as that of a curiosity in
the nineteenth century (Davy, 1811) and then as a
practical solution to difficulties in transporting
gas by pipeline in the early twentieth century
(Hammerschmidt 1934). Once it was realized that
the pressure and temperature conditions necessary
for methane hydrate formation exist naturally, the
hunt was on to locate examples. In the 1960s and
1970s hydrate was identified in wells drilled
through the Siberian and Alaskan permafrost
(Collett 1983), and samples of hydrate were recovered from the Black Sea in 1974 (Yeframova &
Zhizhchenko 1975) and then many other deep
water settings. A few years previously, bottom
simulating reflectors (BSRs) were identified and
attributed to the occurrence of methane hydrates
(Lancelot & Ewing 1972); hydrates have subsequently been recognized on many continental
slopes around the world. Recent evidence suggests,
however, that the presence of BSRs alone is,
however, not a reliable indicator of the presence or

The primary source of methane in hydrate deposits is
biogenic decay of organic matter, as demonstrated
by the isotopic composition and the near absence
of higher hydrocarbons such as ethane and propane
(Kvenvolden & McDonald 1985). Although hydrates
of a petrogenic (thermogenic) origin have been
encountered in many hydrocarbon basins (e.g. the
Gulf of Mexico or Caspian Sea), they appear to be
less common (Brooks & Bryant 1985; Soloviev &
Ginsberg 1994). In the former a greater range of
hydrates are present, including ethane and propane
hydrates, which result in different hydrate structures
and different interactions with the associated sediments. Hydrate can occur in various forms. The
main type is stratigraphic-type hydrate deposits
(Milkov & Sassen 2001) formed at the base of the Q1
hydrate stability zone (HSZ), where there is the
greatest concentration of hydrate due to methane
generation within sedimentary units. Structural-type
hydrate deposits form where methane migration
through faults allows hydrate to occur at all points
within the HSZ, including near the seabed where it
is vulnerable to changes in bottom water conditions.
Mazurenko et al. (2009) describe one such seabed
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117
site in the Sea of Okhotsk where hydrate is forming
118
rapidly at the present time in areas of focused fluid
119
flow. They used isotopic and chemical approaches
120
to ascertain that fluids from depth have interacted
121
with porewaters within shallow sediments and led
122
to the formation of hydrates. The establishment of
123
seabed observatories, as described by McGee et al.
124
(2009), will allow detailed monitoring of the
125
growth and decay of these features and the
126
interaction with the biosphere. It was originally pre127
sumed that hydrate occurred as thick layers
128
often within fine-grained sediments. Increasingly
129
the evidence suggests that hydrate preferentially
130
occurs as layers within coarse-grained sediments
131
due to the greater permeability of these horizons
132
(Clennell et al. 1999). More recently, evidence
133
has shown that hydrate occurs along fractures, indi134
cating the flow of methane and other gases into and
135
through the hydrate stability zone; recent recovery
136
of hydrate-bearing cores under in-situ pressure
137
(Schultheiss pers. comm.) from Hydrate Ridge
138
and offshore-India, using HYACE equipment, has
139
allowed X-ray identification of hydrate filled
140
fractures.
141
A concern raised as a consequence of the
142
increasing interest in climate change is the presence
143
of hydrate occurring under permafrost. With rising
144
temperatures the breakdown of permafrost systems
145
is predicted; these are likely to have an increased
146
potential to release methane, thereby providing
147
positive feedbacks to climate change. The Arctic
148
coastlines and shelf seas of Siberia, Alaska and
149
Canada are the focus of this concern, although this
150
assumes that methane hydrate is trapped beneath
151
the permafrost. For such circumstances to prevail
152
it is expected that a relatively thick permafrost
153
will produce sufficiently low temperatures at high
154
enough pressures for hydrate to be stable below it.
155
However, there is some evidence (Yakushev 2004)
156
that methane hydrate can exist within permafrost
157
at shallower depths, in regions where it is only
158
metastable, and thus especially vulnerable to climate
159
change. In some cases, it is likely that great volumes
160
of methane as free gas may occur under a ‘cap’ of
161
permafrost or hydrate, and there is the potential
162
for this to be released should increasing tempera163
tures melt the permafrost or disassociate hydrate.
164
Climate change is also likely to impact on hydrate
165
stability in other settings. The warming of oceans
166
has been identified as a potential concern as
167
increases in bottom water temperatures will lead
168
to the displacement of the underlying geothermal
169
profile and a reduction in the dimensions of the
170
hydrate stability zone. Recent warming of the oceans
171
has been attributed to anthropogenic greenhouse gas
172 Q2 emissions (Levitus et al. 2005). However it is
173
expected that changes in water temperature will be
174
greatest in areas of shallower seas, thereby making
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submarine hydrates in polar shelf regions more vulnerable than elsewhere.
Submarine slope failures have been attributed to
former changes in the stability regime. Examples of
these mass movements are reported by Swart
(2009) from the Namibian margin where hydrates
are closely associated with the slump deposits.
With future changes in seabed conditions now
locked in due to recent and predicted changes in
global temperatures, further failures may occur.

Sediment– hydrate interaction
Malone (1985) describes four possible hydrate morphologies with the terminology disseminated,
nodular, vein and massive. Disseminated hydrate
occurs within the pore space of the sediment,
while the other three occur where the sediment is
disturbed either by regional tectonic stresses or
through the stress resulting from hydrate crystal
growth – for instance Cook and Goldberg (2007)
found hydrate bearing fractures to be oriented with
respect to regional tectonic stresses offshore India.
Whilst such observational classifications may have
had some merit (even though they have commonly
been based on limited observations of natural hydrate
samples recovered intact in sediment samples, and
often these were in the process of undergoing dissociation by the time of the observation), they
have done little to further our understanding of sediment –hydrate interactions.
Theoretical work on hydrate formation (Clennell
et al. 1999; Henry et al. 1999) explored the influence of capillary pressure and thermodynamics on
hydrate growth and provided some real physical
constraints to hydrate morphology. It concluded
that hydrate growth in fine-grained muds would
be unlikely, and that coarser-grained sediments,
exhibiting larger pores, would act as more likely
hosts. Thus theoretical consideration suggested that
hydrate morphology is controlled by the nature of
the sediment host as much as by the supply of the
necessary ‘ingredients’ and conditions (water, gas,
nucleation sites, temperature and pressure). This
theoretical work is also supported by experimental
studies (Kleinberg et al. 2003; Camps 2007) and
by observations (e.g. Tréhu et al. 2002; Riedel
et al. 2006) where disseminated hydrate is limited
to coarser-grained sediments and the other forms
tend to occur in finer-grained sediments where the
sediment fabric is disturbed. Similar observations
were found through investigations of hydrate
dissociation conditions (Anderson et al. 2003;
Llamedo et al. 2004). These revealed that dissociation is more readily achieved within small
pores compared with large pores, suggesting the
possibility of hydrate breakdown in small pores
though not in adjacent large pores. Tréhu et al.
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(2004) discuss how the distribution of gas hydrate is
controlled both structurally and stratigraphically,
and that high concentrations are limited to close to
the upper tens of metres for the Cascadia Margin
(at greater depths concentrations are rarely more
than 2%). The role of the subsea biosphere on hydrate
formation and distribution is largely unknown,
though Inagaki et al. (2006) found that, for two separate locations in the Pacific, prokaryotic communities in methane hydrate-bearing sediment cores
are distinct from those in hydrate-free cores.
Significant advances in characterization of the
relationship between sediments and hydrates have
been recently developed. For instance, Tinivella
et al. (2009) have quantified the concentrations of
gas hydrate in pore space by travel-time inversion
modelling of the acoustic properties of these sediments. Such analysis has allowed the identification
of free gas distribution in pore spaces, likely patterns of fluid migration, the physical properties of
sediments and the consequent origin of the BSR offshore the Antarctic Peninsula. At other sites, where
other geophysical approaches have been applicable,
hydrate volumes have often been estimated using
electrical or acoustic measurements and relating
these parameters (electrical resistivity and acoustic
velocity) to the hydrate concentration or saturation
in the pore space. Such transforms usually assume
the hydrate is disseminated in the pore space and
that the sediment remains water wet, rather as for
petroleum-bearing reservoirs. However, Ecker
et al. (2000) and Dvorkin et al. (2000) demonstrate
that knowledge of the interaction between hydrate
and sediment grains is crucial in achieving wellconstrained volume estimates of hydrate. It is also
recognized that the use of Archie’s equations
assumes the hydrate does not completely block off
the pore space at low saturations, treating hydrate
as a hydrocarbon fluid. Minshull & Chand (2009)
further refine the self-consistent approximation/
differential effective medium approach relating
seismic properties of sediment to its hydrate
content. Their results suggest that the inferred proportion of load-bearing hydrate appears to decrease
with increasing hydrate saturation for gas-rich laboratory environments, but increase when hydrate
is formed from solution.
Koh & Sloan (2007) suggest there has been
a recent paradigm shift from addressing the thermodynamics (i.e. time-independent properties) to
hydrate formation and dissociation kinetics. Thus
improved understanding of these processes is crucial
if there is to be any control of gas recovery from
hydrates in-situ or in assessing hydrate dissolution
and ensuing environmental impact. Understanding
the size and morphology of hydrates is central to
modelling these processes. The paper by Klapp
et al. (2009) adds to our knowledge in this area

through the use of high-energy Synchrotron diffraction to determine grain sizes of six natural gas
hydrates in samples retrieved from the Bush Hill
region in the Gulf of Mexico and from ODP Leg
204 at the Hydrate Ridge offshore Oregon.

Stability of methane hydrates
It is clear that naturally changing conditions over
geologic timescales have forced the formation and
disassociation of vast amounts of methane hydrate
on Earth, with individual volumes of rock possibly
having experienced several episodes of conditions
favouring hydrate stability. A detailed knowledge
of hydrate stability is thus important in terms of
understanding and quantifying carbon cycling and
methane release in the geologic record (e.g. events
in the PETM; Sluijs 2006), and especially so in
the light of anthropogenic influences on the
global climate.
Many studies have made detailed measurements
of the stability of methane hydrates under different
pressure and temperature conditions, and with
different fluid composition. Such investigations
have often been driven by the needs of the hydrocarbon industry, as hydrate formation within
boreholes or surface infrastructure can impact production and the safety of operations. Compilations
of data resulting from such studies (e.g. Sloan
1998) have led to the production of computer
codes that can be used to model hydrate stability
over a broad range of conditions. They can also be
used in scoping calculations to ‘map out’ hydrate
stability zones within sediments.
It is not necessarily straightforward however, to
apply data from relatively open systems (effectively
having ‘huge’ pore spaces), to fine-grained sediments. Indeed, previous studies (e.g. Clennell
et al. 1999; Henry et al. 1999; Llamedo et al.
2004) show that the pressure –temperature stability
field of methane hydrate is reduced in very narrow
pores. The study by Anderson et al. (2009) takes
these observations further, by considering the
effect of narrow pores on hydrate growth, as well
as dissociation. For narrow pores they find a distinct
hysteresis over a range of pressure –temperature
conditions during cycles of hydrate growth and
disassociation, with hydrate formation occurring at
significantly lower temperatures (or higher pressures) compared with dissociation.
There are other processes, however, that occur
even when samples of hydrate are kept within
their stability zone. Although these may not alter
the overall stability of the total mass of hydrate
present, they may act to alter its distribution. One
such process described by Klapp et al. (2009) is
where larger hydrate crystals grow at the expense
of smaller ones. A consequence of this is that over
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time the average size of hydrate crystals within a
sample increases; Klapp et al. (2009) suggest that
advanced X-ray techniques may be one way to
assess such size changes. Given further development and calibration against hydrate samples of
known ages, it may even be possible to use ratedependant information such as this to make estimates of the age of hydrate samples. Some of these
approaches have been developed by Eaton et al.
(2009), who explore two hydrate formation methods,
based on depleted sediment samples from Blake
Ridge using a flexible unit that records temperatures,
pressures and changes in gas volume during absorption/evolution: (1) under continuous methane gasflow conditions; and (2) where hydrates are formed
from the dissolved gas phase by diffusion.
Studies such as those outlined above are very
important when considering sediment-hosted gas
hydrates as they will impact upon our predictions
of hydrate stability; such work needs to continue,
to advance our knowledge in this area. Indeed,
accurate assessments of hydrate stability will have
to consider the characteristics of the host sediment
as well as pressure, temperature and fluid composition. Not only could such analysis alter estimates
of natural methane hydrate abundance in (or recovery from) fine-grained sediments, but it could
also enhance the estimate of other hydrates in
anthropogenic systems – such as during the underground storage of carbon dioxide.

Synthetic systems
Carbon dioxide hydrates
As a consequence of the abundance and importance
of methane hydrate, be it formed naturally in sediments or within engineered structures such as pipelines, most studies of sediment-hosted hydrates have
focussed on methane hydrate systems. However,
other sediment-hosted hydrates can also be important in certain circumstances, and one example is
CO2 hydrate. Although the occurrence of natural
CO2 hydrate is rare (e.g. Sakai et al. 1990), its controlled formation and storage could provide a mechanism with which to trap and store waste CO2 rather
than emit it to the atmosphere. This approach is very
relevant to current discussions about the degree of
anthropogenic influence on climate and how it
might be reduced (e.g. IPCC 1990, 1995, 2001,
2007; RCEP 2000). Indeed, reducing overall anthropogenic releases of CO2 may be vital to limit the
extent of global warming, and hence reduce the
potential for climate-induced breakdown of vast
amounts of natural methane hydrate from permafrost areas or below the sea floor.
Ongoing industrial-scale projects at places such
as Sleipner (North Sea) (Baklid et al. 2006) and
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Weyburn (Canada) (Malk & Islam 2000; White
et al. 2004; Wilson & Monea 2004) demonstrate
the practicality of capturing large amounts of CO2
and injecting it within deep, warm sediments to be
eventually trapped either dissolved in solution or
as carbonate minerals (e.g. Bachu et al. 1994;
Gunter et al. 1997, 2000). However, relatively few
studies have investigated the role that CO2 hydrate
could play in trapping CO2 in cooler sediments.
Some previous studies have considered that the relative stability of methane and CO2 hydrates might
facilitate the trapping of CO2 as a hydrate whilst
at the same time liberating methane (IEA GHG
2000; Goel 2006), whereas other studies have concentrated on just CO2 injection followed by CO2
hydrate formation (e.g. Kiode et al. 1997; House
et al. 2006). Both approaches raise questions about
our understanding of the processes involved and
their inherent uncertainties. Where might storage
of CO2 by these methods be possible? How will
the hydrate interact with sediment grains and pore
fluids? What are the rates and magnitudes of the
trapping processes involved? How safe and secure
will the CO2 hydrate be in the long term?
The study by Rochelle et al. (2009) takes a broad
view of the possibilities for underground CO2
storage in cool sediments. It considers some of
the beneficial trapping mechanisms that might be
enhanced relative to more conventional CO2
storage at higher temperatures, such as the role of
CO2 hydrate as both an immobile trapping phase
and as a potential cap above a store of free-phase
CO2. This approach is extended to consider where
CO2 hydrate might be stable in sediments, with
Camps et al. (2009) calculating the extent and
thickness of CO2 hydrate and methane hydrate stability zones offshore western Scotland. Below the bed
of the Faroe –Shetland Channel CO2 hydrate is predicted to be stable to a maximum depth of 345 m,
whereas methane hydrate has a greater maximum
stability depth of 650 m. Rochelle et al. (2009) use
a similar approach to present preliminary modelling
of regions offshore western Europe, which shows
that large areas may have the potential for CO2
hydrate formation in deep-water sediments. These
studies indicate that the storage of CO2 as a
hydrate within sediments may present a viable
future CO2 storage technology for some parts of
Europe. However, they also highlight the importance of certain basic information when making predictions, such as the lack of detailed geothermal
gradient data, which limits the extent to which
detailed models and predictions can be made.
Much work remains to be undertaken to fully
understand how CO2 hydrate can best contribute
to underground storage. Kvamme et al. (2009)
explore the possibilities of replacing original
hydrate-bound hydrocarbons, such as methane, by
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Fig. 1.

CO2 as hydrates of the latter hydrates are considerably more stable thermodynamically than methane
hydrates. Technologies allowing two goals to be
accomplished at the same time – safe storage of
carbon dioxide in hydrate reservoirs, and in situ
release of hydrocarbon gas – would offer enormous
economic potential. It certainly would provide an
opportunity for hydrate scientists to utilize their
detailed knowledge to provide another novel technique to add to the portfolio of strategies that
could help reduce emissions of anthropogenic CO2
to the atmosphere.

Overview and conclusions
What is encouraging about recent developments in
hydrate science is the fact that, whilst great uncertainties about the potential environmental and
economic impacts of hydrates remain, much new
research is focusing on the key issues relating to
hydrate sediment interaction. It now appears that
we have left the period when hydrate research
was dominated by studies of the distribution and
setting of BSRs, and are now moving into one in
which the primary physical questions about the
physical setting of hydrates, and the processes
that generated these, are uppermost. This is well
illustrated by the papers in this volume. In the
quest for a more detailed understanding of the

Q12

distribution and stability of hydrates in sediments,
a wide range of approaches have been developed,
addressing questions from the microscopic to the
global in scale. These have developed not only
new methodologies, but also novel technologies,
as may be seen in several of the papers here. As
the science evolves, so do the questions and refocusing of subsequent research. As may be seen
in these papers (e.g. Kleinberg 2009), those with
an interest in the economic potential of hydrates
are already re-prioritizing their exploration foci.
Likewise, those whose interest lies in hydrates
and climate are recognizing the great importance
that relatively shallow, circum-polar hydrates,
may have in controlling climate, and thus are fast
considering how to address the research challenges
in these areas.
The hydrate community have long-recognized
the importance of inter-national, -institutional and
-disciplinary research. However, whilst this may
have been largely stimulated by the high costs of
field campaigns in the past, it is increasingly apparent that there will be many benefits in developing
integrated programmes addressing issues such as
hydrate– sediment relationships. Many parties have
the potential to unlock part, but only a part, of a
large puzzle. By coming together, researchers should
be able to answer some of the key questions about
sediment-hosted gas hydrates, and their stability,
more rapidly than if they had done this alone.
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Today there are many opportunities, for instance
with the IODP, and establishment of observatories,
to participate in joint programmes. It is important
to recognize that, whilst the top-level objectives
of different scientists are often different, many of
the physical observations and models that come
out of the research are generic, and will have widespread applicability. It is highly likely that many
advances being developed by those establishing
the economic development of hydrates (e.g. in the
Nankai Trough), will also assist scientists who
want to address some climate-related questions
about methane release, or the potential for climate
change mitigation through CO2 storage.
The meeting ‘Sediment-Hosted Gas Hydrates:
New Insights on Natural and Synthetic Systems’
was useful in bringing together many leading edge
scientists who are actively studying hydrate –sediment interactions and continuing the analysis of
where the major uncertainties lie in relation to
hydrate stability. The meeting marked a small, but
definite, landmark in hydrate science, demonstrating the maturity of the science in some areas, and
how measurements may be used to better quantify
hazard or resource, as well as to new research
trends. It is clear that hydrate research has a long,
long, way to go before we can even confidently
predict the global volume of hydrate. We look
forward to watching what happens over the next
decade – within which we expect to again focus
on the primary interactions between hydrates and
their host sediments.

Dr Leonid L. Mazurenko, 1976– 2007
Dr Leonid Leonidovich Mazurenko was an enthusiastic participant of the International Conference
‘Sediment-Hosted Gas Hydrates: New Insights on
Natural and Synthetic Systems’, upon which this
volume is based. The work he presented at the
meeting dealt with gas hydrates and hydrateforming fluids from gas venting sites in the Sea of
Okhotsk as a part of the CHAOS Project. His
paper on the subject in this volume is his final
publication.
Leonid Mazurenko was born on 4 December,
1976 in Priozersk, Kazakhstan (USSR). He studied
in the Department of Lithology at Moscow State
University. In 1998, he went to St Petersburg,
where he continued his education at St Petersburg
State University and then was employed as an
‘engineer-geologist’ by the All Russia Research
Institute for Geology and Mineral Resources of the
Ocean (VNIIOkeangeologia). Leonid’s career progressed as a ‘engineer-geologist’, scientist, senior
scientist and head of the Laboratory for Gas
Hydrate Geology in VNIIOkeangeologia.
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Leonid was interested in and actively involved
with research in submarine gas hydrates and
related geochemical systems. The successful
defence of his dissertation entitled ‘Gas hydrate formation in submarine fluid discharge areas’ earned
him the Russian scientific degree of Candidate of
Science in 2004 (equivalent to a Western PhD).
He was one of the most prominent specialists in
the Russian gas hydrate and fluid venting geochemical community, and was recognized internationally
for his understanding of gas hydrate dynamics and
formation mechanisms. He was at the beginning of
a bright scientific career, and had already made
important contributions to the understanding of
gas hydrates and pore water chemistry for numerous
of fluid venting areas. Amongst these were parts of
the Black Sea, the Gulf of Cadiz (NE Atlantic), the
Sea of Okhotsk and Lake Baikal.
Leonid was consistently highly energetic and
cheerful, and always fully enjoyed life. He had an
outstanding sense of humour and combined his
research responsibilities and laboratory leadership
roles with building friendships and taking good
care of his family. His sudden death at the tragically
young age of 30 came as a shock to his family and
colleagues. He will be greatly missed by them,
and his death is a big loss to the gas hydrate scientific community.
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T RÉHU , A. M., L ONG , P. E. ET AL . 2004. Three
dimensional distribution of gas hydrate beneath
southern hydrate ridge: Constraints from ODP Leg

204. Earth and Planetary Science Letters, 222,
845–862.
Q6
W HITE , D. J., B URROWES , G. ET AL . 2004. Greenhouse
gas sequestration in abandoned oil reservoirs: The
International Energy Agency Weyburn pilot project.
GSA Today, 14, 4– 10.
W HITE , R. V. 2002. Earth’s biggest ‘whodunnit’: Unravelling the clues in the case of the end. Philosophical
Transactions of the Royal Society, London, 360,
2963– 2985.
W ILSON , M. & M ONEA , M. (eds). 2004. IEA GHG
Weyburn CO2 Monitoring & Storage Project
Summary Report 2000– 2004. Proceedings of the
7th International Conference on Greenhouse Gas
Control Technologies, 5– 9 September 2004, Vancouver, Canada, III. Petroleum Technology Research
Centre, Regina.
Y AKUSHEV , V. 2004. Intrapermafrost gas hydrates at the
north of west Siberia. AAPG Hedberg Conference,
Gas Hydrates: Energy Resource Potential and Associated Geologic Hazards, 12– 16 September 2004,
Vancouver.
Y EFRAMOVA , A. G. & Z HIZHCHENKO , B. P. 1975.
Occurrence of crystal hydrates of gases in the sediments of modern marine basins. Doklady, Earth
Sciences Section, 214, 219– 220.
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