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*The Levant Basin OffshoreIsrael: Stratigraphy, Structure, Tectonic Evolution and

Implications for Hydrocarbon Exploration
http://mwww.mni.gov.il/NR/rdonlyres/[EA2AD31-81E1-4CE8-AF1C-

758BCE302C35/0/LevantBasinOffshorelsrael200€

®The Oligo-Miocene deepwater system of the Levant Basin

http://www.mni.gov.il/NR/rdonlyres/FF816E-4637-4CD8-A0DC-

DCBB7842586E/0/TheOligoMiocenecpwatersystemoftheLevantBasin.pdf
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Maxico 188
Iram | 145
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Gas Hydratesnwna y19n :2 naos

Extracted from Wikipedia, the free encyclopedia

I ntroduction

Methane clathrate, also calledmethane hydrate, methane ice or “fire ice" is a solid
clathrate compound in which a large amount of nmeth#s trapped within a crystal
structure of water, forming a solid similar to {d¢. Originally thought to occur only in the
outer regions of the Solar System where temperatare low and water ice is common,
significant deposits of methane clathrate have Heand under sediments on the ocean
floors of Earth [2].

Methane clathrates are common constituents of tiadlosv marine geosphere, and they
occur both in deep sedimentary structures, andutsraps on the ocean floor. Methane
hydrates are believed to form by migration of gesmf depth along geological faults,

followed by precipitation, or crystallization, ormact of the rising gas stream with cold
sea water. Methane clathrates are also presentap Antarctic ice cores, and record a
history of atmospheric methane concentrationsndai 800,000 years ago [3]. The ice-
core methane clathrate record is a primary soufcgata for global warming research,

along with oxygen and carbon dioxide.

While it is stable at a temperature of up to aro@i@€, at higher pressures methane
clathrates remain stable up to 18 °C. The averagthane clathrate hydrate composition is
1 mole of methane for every 5.75 moles of watesutn this is dependent on how many
methane molecules "fit" into the various cage stmes of the water lattice. The observed
density is around 0.9 g/cm3. One liter of methala¢hcate solid would therefore contain,

on average, 168 liters of methane gas (at STP).

Natural deposits

Methane clathrates are restricted to the shallavodphere (i.e. <2000 m depth).
Furthermore, necessary conditions are found ortheeiin polar continental sedimentary
rocks where surface temperatures are less than @ i€ oceanic sediment at water depths
greater than 300 m where the bottom water temperasuaround 2 °C. In addition, deep
lakes may host gas hydrates as well, e.g. the viiein Lake Baikal, Siberia [4].
Continental deposits have been located in Siberth Aaska in sandstone and siltstone
beds at less than 800 m depth. Oceanic deposits tebe widespread in the continental
shelf and can occur within the sediments at depitiase to the sediment-water interface.
They may cap even larger deposits of gaseous nefban

Oceanic

There are two distinct types of oceanic deposie Most common is dominated (> 99%)
by methane contained in a structure | clathrate gederally found at depth in the
sediment. Here, the methane is isotopically lightG < -60%.) which indicates that it is
derived from the microbial reduction of GOThe clathrates in these deep deposits are
thought to have formed in-situ from the microbigiioduced methane, as th€C values

of clathrate and surrounding dissolved methaneiandar [5].
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These deposits are located within a mid-depth zargaind 300-500 m thick in the
sediments (the Gas Hydrate Stability Zone, or GH®&BEgre they coexist with methane
dissolved in the pore-waters. Above this zone nregha only present in its dissolved form
at concentrations that decrease towards the setisugace. Below it, methane is gaseous.
At Blake Ridge on the Atlantic continental riseet®HSZ started at 190 m depth and
continued to 450 m, where it reached equilibriunthvihe gaseous phase. Measurements
indicated that methane occupied 0-9% by voluméhenGHSZ, and ~12% in the gaseous
zone [6].

In the less common second type found near the sedisurface some samples have a
higher proportion of longer-chain hydrocarbons @fethane) contained in a structure I
clathrate. Carbon from this type of clathrate @tapically heavier §3C is -29 to -57 %o)
and is thought to have migrated upwards from deejprsents, where methane was formed
by thermal decomposition of organic matter. Exampé this type of deposit have been
found in the Gulf of Mexico and the Caspian Sea [5]

Some deposits have characteristics intermediat@eleet the microbially- and thermally-
sourced types and are considered to be formeddromxture of the two.

The methane in gas hydrates is dominantly genefajeoacterial degradation of organic
matter in low oxygen environments. Organic mattethe uppermost few centimetres of
sediments is first attacked by aerobic bacterimegging CQ, which escapes from the
sediments into the water column. In this regionaefobic bacterial activity sulfates are
reduced to sulfides. If the sedimentation rateoig (about 1 cm/kyr), the organic carbon
content is low (about 1% ), and oxygen is abundaertpbic bacteria use up all the organic
matter in the sediments. But where sedimentatitgsrand the organic carbon content are
high, the pore waters in the sediments are andxiepths of only a few cm, and methane
is produced by anaerobic bacteria. This productbmmethane is a rather complicated
process, requires the activity of several varietebacteria, a reducing environment (Eh -
350 to -450 mV), and a pH between 6 and 8. In soaggons (e.g., Gulf of Mexico)
methane in clathrates may be at least partiallivedrfrom thermal degradation of organic
matter, dominantly in petroleum. The methane inthcktes typically has a bacterial
isotopic signature and highly varial€C (-40 to -100%o), with an approximate average of
about -65 %o [7]. Below the zone of solid clathratasge volumes of methane may occur
as bubbles of free gas in the sediments [8].

The presence of clathrates at a given site cam dfte determined by observation of a
"Bottom Simulating Reflector" (BSR), which is a smic reflection at the sediment to

clathrate stability zone interface caused by thequal densities of normal sediments and
those laced with clathrates.

Reservoir size

The size of the oceanic methane clathrate reseivagioorly known, and estimates of its
size decreased by roughly an order of magnitudedpeade since it was first recognized
that clathrates could exist in the oceans duriegl®60s and 70s [9]. The highest estimates
(e.g. 3 x 16° m3) [10] were based on the assumption that fullgs clathrates could litter
the entire floor of the deep ocean. However, imprognts in our understanding of
clathrate chemistry and sedimentology have revetilatdhydrates only form in a narrow
range of depths (continental shelves), only at stwoations in the range of depths where
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they could occur (10-30% of the GHSZ), and typicalte found at low concentrations
(0.9-1.5% by volume) at sites where they do ocRacent estimates constrained by direct
sampling suggest the global inventory occupies betwone and five million cubic
kilometres (0.24 to 1.2 million cubic miles) [9]hiE estimate, corresponding to 500-2500
gigatonnes carbon (Gt C), is smaller than the 5B0C estimated for all other fossil fuel
reserves but substantially larger than the ~23C @stimated for other natural gas sources
[9][11]. The permafrost reservoir has been estichateabout 400 Gt C in the Arctic, but no
estimates have been made of possible Antarcticveisge. These are large amounts. For
comparison the total carbon in the atmosphereoisral 700 gigatons.

These modern estimates are notably smaller thad@@00 to 11,000 Gt C (2 x ‘fom?)
proposed [12] by previous workers as a motivationsidering clathrates as a fossil fuel
resource (MacDonald 1990, Kvenvolden 1998). Lovwemalances of clathrates do not rule
out their economic potential, but a lower totaluroke and apparently low concentration at
most sites [9] does suggests that only a limitettgrdage of clathrates deposits may
provide an economically viable resource.

Continental

Methane clathrates in continental rocks are trappebeds of sandstone or siltstone at
depths of less than 800 m. Sampling indicates #neyformed from a mix of thermally and

microbially derived gas from which the heavier hyahrbons were later selectively

removed. These occur in Alaska, Siberia as wal@shern Canada.

In 2008, Canadian and Japanese researchers edteactsstant stream of natural gas from
a test project at the Mallik gas hydrate field e tMackenzie River delta. This was the
second such drilling at Mallik: the first took p&adn 2002 and used heat to release
methane. In the 2008 experiment, researchers waeeta extract gas by lowering the

pressure, without heating, requiring significaridgs energy [13]. The Mallik gas hydrate

field was first discovered by Imperial Oil in 197972 [14].

Commer cial use

The sedimentary methane hydrate reservoir probebhtains 2—-10 times the currently
known reserves of conventional natural gas. Thisesents a potentially important future
source of hydrocarbon fuel. However, in the mayoot sites deposits are likely to be too
dispersed for economic extraction [9]. Other proidefacing commercial exploitation are
detection of viable reserves; and development@tdkchnology for extracting methane gas
from the hydrate deposits. To date, there has begn one field commercially produced
where some of the gas is thought to have been fnatmane clathrates, Messoyakha Gas
Field, supplying the nearby Russian city of Norilsk

A research and development project in Japan isnairiar commercial-scale extraction by
2016. In August 2006, China announced plans todg8680 million yuan (US$100 million)
over the next 10 years to study natural gas hyslr&teotentially economic reserve in the
Gulf of Mexico may contain ~¥8 m® of gas [9]. Bjgrn Kvamme and Arne Graue at the
Institute for Physics and technology at the Uniitgrsf Bergen have developed a method
for injecting CQ into hydrates and reversing the process; thergtrgaing CH by direct
exchange.
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