
Physical resources 
 

Onshore gas hydrate reserves close to recovery (February 2004) 

The Mackenzie delta in Arctic Canada has been an area of conventional hydrocarbon 
exploration for decades.  In 1972 methane-ice mixtures in the permanently frozen ground 
were discovered in one well at a depth of about a kilometre during exploratory drilling.  
They are rich, with up to 90% of the pore spaces in alluvial gravels being full of the white gas 
hydrate.  Being associated with conventional gas at greater depths, there is a good chance 
that combined production could make the considerable reserves economic.  On their own, 
gas hydrates are not yet economic, even onshore, since they would need heating to break 
down the peculiar compound, and natural gas prices are currently at a low level.  Economics 
also depend on a conventional gas pipeline being extended to the area  Tests and computer 
simulations suggest that production of deeper conventional gas can lower the pressure on 
the gas hydrate inducing it to break down and add to the flow from a well.  In maybe 10 to 
20 years production could begin.  The likely origin of the Canadian reserves and those in the 
North Slope of Alaska is from methane leaking from deeper reserves to “freeze” in the 
colder conditions at shallow depths. 

Arctic North America could eventually produce up to one sixth of current US natural gas 
consumption from onshore gas hydrate.  Of course, vastly greater gas-hydrate potential 
exists offshore - between 10 000 to 42 000 trillion cubic metres (tcm) world-wide, compared 
with 370 tcm of estimated conventional gas reserves.  Methane (CH4) burns to produce less 
carbon dioxide per unit of heat energy than more carbonic natural gas, so is a means of 
easing “greenhouse” gas emissions.  Potentially it could be feedstock for CO2-free hydrogen 
production.  Pressures on the economy of Japan, which has very few natural energy 
resources, have prompted Japanese researchers to begin exploratory offshore drilling into 
the Nankai trough offshore of SE Japan, where there are potentially rich reserves of gas 
hydrate in sands.  This may produce commercially in 10 to 15 years.  The thorniest problem 
with many gas hydrate deposits is that they are in “tight”, fine-grained sediments. 

Source:  Kerr, R.A. 2004.  Gas hydrate resource: smaller but sooner.  Science, v. 303, p. 946-
947; DOI: 10.1126/science.303.5660.946. 

 

Abiotic formation of hydrocarbons by oceanic hydrothermal circulation (May 2004) 

There has been speculation, particularly by Thomas Gold in his book The Deep Hot Biosphere 
(summarised here), that methane can form without the intervention of organisms.  In Gold’s 
case, he proposed an origin in the mantle that supported a thriving organic community at 
great depth in the crust, and that such abiogenic methane is the source of all hydrocarbon 
and coal deposits.  Not many people believe Gold.  However, there are chemically feasible 
means of generating simple hydrocarbons in the upper earth, notably the Fischer-Tropsch 
catalytic process that has been used to synthesise artificial fuels.  The Fischer-Tropsch 
process hydrogenates a carbon-bearing gas, such as carbon dioxide, and commercially has 
used chromium oxide as a catalyst.  In hydrothermal systems that permeate olivine- and 
orthopyroxene-rich ultramafic rocks, those minerals breakdown to serpentines, talc and 
magnetite, and the reactions generate hydrogen, which is often found dissolved in samples 

http://www.pnas.org/content/89/13/6045.full.pdf?origin=publicationDetail


of oceanic hydrothermal fluids and occasionally in onshore springs, where mantle rocks in 
ophiolites are being weathered.  So there is no shortage of hydrogen for potential reactions 
in sea-floor hydrothermal systems, and they contain lots of dissolved carbon dioxide.  
Ultramafic rocks are rich in chromium generally in the form of Fe-Cr oxide or chromite.   

Geochemists from the University of Minnesota simulated a hydrogen-carbon dioxide-
chromite hydrothermal system to see if the Fischer-Tropsch process would work 
(Foustoukos, D.I. & Seyfried, W.E. 2004.  Hydrocarbons in hydrothermal vent fluids: The role 
of chromium-bearing catalysts.  Science, v. 304, p. 1002-1005; DOI: 
10.1126/science.1096033).  It did, producing methane, ethane and propane under 
simulated conditions of sea-floor vents.  They conclude that these simple hydrocarbons help 
support thriving bacterial communities in “black smokers”.  Their results also support the 
possibility of such vents having produced “feedstock” for processes that led to the origin of 
life, but also lend a cautionary note to claims for ancient organic matter (see Early 
biomarkers in South African pillow lavas in Palaeobiology May 2004) 

 

Putting off the evil day (July/August 2004) 

The US oil economist M.K. Hubbert issued a chilling warning in the late 1960s that foretold 
the eventual decline of the single most important physical resource of the global economy.  
His simple approach was to consider petroleum, and by implication a great many other 
commodities, as having a fixed abundance that was not added to naturally at a rate that 
could keep pace with its exploitation.  Oil and natural gas are non-renewable, as far as 
human society is concerned; they are “wasting” resources built slowly and episodically over 
tens of million years.  Hubbert matched the exponential rate at which petroleum is 
extracted with various notions of how much is in the ground and how the easiest to find and 
pump out inevitably will give way to more tenacious reserves.  His model for the future of 
the petroleum economy centred on a theoretical bell-shaped curve relating production to 
time, and we are now entering his predicted period of increasing difficulties.  Estimates of 
reserves have increased considerably in the last 35 years, and so has the efficiency of getting 
out the fluids.  Recent news leaking from the Shell oil giant that there has been a certain 
fiddling of the books about how much remains in its licence areas (a 20% overestimate) is 
perhaps a sign of just how difficult it is to keep pace with growing demand.  Oil companies 
hope for the best as regards how quickly new discoveries add to their assets, yet they can 
never voice their fears of the worst for the sake of investor confidence and the volatility of 
the oil futures market.   

The history of petroleum discovery is indeed a bell-shaped curve, and it has been on the 
slippery downward slope for about 30 years, with a few cheering but brief upswings.  On 
average, annual discovery has decreased from about 50 to 10 billion barrels each year, 
noting that the size of the discoveries is always an estimate of what might eventually be 
extracted to be tempered by the fact that it rarely, if ever, is.  A great deal of the petroleum 
products now being used emerge from massive discoveries in the late 30s and 40s and the 
mid 1960s.  Nothing like the huge Arabian and Iraqi fields has been found since then.  Many 
commentators, as usual, consider the present upsurge in oil prices to stem from political 
issues, but there are deeper economic and technical issues that suggest that it is an 
irreversible trend while ever demand is insatiable and supply more difficult to achieve.  
Standing above the generally quoted reserves that can reasonably be expected to flow using 

https://earthlog1.files.wordpress.com/2019/04/palaeobiology-2004.pdf
https://earthlog1.files.wordpress.com/2019/04/palaeobiology-2004.pdf


current methods, are several categories of petroleum in the ground that require new 
extraction methods and a higher price to implement them.  They are considerably larger, 
though much more fuzzily defined, and range from the dregs that are not easily pumped, 
through viscous oils, tars sands to oil shales, the primary source rocks for conventional 
petroleum fields when geological processes free their organic content to move.   

 

The history of worldwide oil discoveries up to 2003 (Credit: Giles 2004) 

So the future is likely to depend increasingly on new extraction technologies, that Jim Giles 
of Nature recently reviewed (Giles, J. 2004.  Every last drop.  Nature, v. 429, p. 694-695; DOI: 
10.1038/429694a).  There are several problems to solve in boosting production: decreasing 
the viscosity of oil, freeing oil that remains in sediment pore spaces, and driving the oil out 
under pressure.  One interesting possibility is setting fire to oil in the reservoir rock, by 
pumping air into it.  That would create gas pressure as well as lower viscosity, and has been 
tried before after Russian engineers accidentally set fire to a deposit by trying pressurised 
air to drive oil out.  Following their surprise (and no doubt a ticking off by top political 
management), oil did flow more freely from nearby wells, but later experiments have had 
mixed success.  Bacteria that metabolise oil are increasingly used to clean up spills.  Since 
they break it down to lighter and less viscous molecules, and generate various gases, they 
have a role to play underground.  However, all kinds of secondary recovery methods that 
are deployed today do not add a great deal to production – about 3 to 4% - and are unlikely 
to stave off eventual decline without further massive increases in price. 

Note (September 2018): This scenario has to be adjusted in the era of fracking for both gas 
and oil. 

https://sci-hub.tw/10.1038/429694a


 

Structural control over hydrothermal gold mineralisation (July/August 2004) 

One of the world’s richest gold provinces is centred on the town of Kalgoorlie in Western 
Australia, site of the “Golden Mile” whose production and reserves exceed 2500 tonnes of 
gold, worth about US$ 140 billion at the peak price per ounce in September 2011.  The 
geological control is a 200 km long shear zone trending SSE that cuts Archaean greenstone 
associations of mafic-ultramafic and felsic lavas, and volcanoclastic rocks of the 2700 Ma 
Yilgarn Province.  Exploration along the trend has revealed a number of other world-class 
gold deposits, and the Boulder-Lefroy Shear Zone has come to typify syn-tectonic 
hydrothermal mineralisation.  Detailed work has long demonstrated that smaller shear 
zones slightly oblique to the main trend focus the mineralisation.  That is because the main 
line of movement was probably in compression, having a strike-slip sense of motion.  
Depending on the local orientation of lesser shear zones, some have trends likely to have 
encouraged dilatation in transtensional environments.  Fluids are more likely to favour such 
pull-apart zones, thereby concentrating their flow and deposition of minerals from them.  
Much of the research in the area has focussed on detail, in an attempt to discover a means 
of predicting new deposits, and exploration is dominated by systematic drilling in what is 
not a particularly well-exposed terrain, and one where standard methods of stream 
sediment analysis are thwarted by low rainfall.  Robert Weinberg of Monash University, Paul 
Hodkiewicz and David Groves of the University of Western Australia have taken a broader 
view of the structural setting (Weinberg, R.F. et al.  2004.  What controls gold distribution in 
Archean terranes?  Geology, v. 32, p. 545-548; doi: 10.1130/G20475.1).   

So intensively explored is the Kalgoorlie gold province that it is unlikely that any large 
deposits remain to be discovered, but very similar shear zones affect most of the world’s 
Archaean granite-greenstone terranes, where exploration is at an earlier stage.  A model of 
regional controls over gold is therefore pretty valuable.  Weinberg et al. divide the Boulder-
Lefroy Shear Zone into boxes along its length, each centred on 8 gold “camps”.  They plotted 
the deviation in trend of local segments of the shear zone in each box from its overall trend 
against the box’s known gold “endowment”.  What emerged was a clear confirmation of the 
regional association of mineralisation with likely zones of regional transtension, trend 
deviation matching closely the estimated gold endowment.  The abundance of structural 
data also enabled the authors to analyse the fractal dimension of all shears and fractures, 
thereby assessing the variation in overall geological complexity of the province.  The results 
are odd.  The least well-endowed parts of the gold province are more complex than those 
containing the most gold.  The Golden Mile itself occurs where complexity changes from low 
to high. The ideas await testing on less mature shear zones cutting Archaean greenstones 
elsewhere in the world, such as in South India and East Africa. 

 

Grow your own bridge, hill or fortress (November 2004) 

From time to time, truly odd ideas emerge, even from such a generally conservative bunch 
as geoscientists.  They are often based on quite mundane science.  If you pour sulphuric acid 
on limestone, of course it fizzes violently because CO2 is a product of the simple reaction.  
Less noticeable is that the other product, hydrated calcium sulphate or gypsum, is 
considerably less dense than the calcite in limestone.  The solid residue swells.  “What if….?” 



thought Dutch geochemist Roelof Schuiling (Schuiling, R.D. 2004. Palk Strait: Repairing 
Adam's Bridge with gypsum? Current Science,v. 86, p. 1351).   

 

Adam’s Bridge: a chain of islands that link southern India to northern Sri Lanka. This Landsat 
5 image shows the turbid waters that result from tidal flows and surf. (Credit: ESA) 

His idea is to put the simple phenomenon to practical use; infiltrate sulphuric acid into 
porous limestone and the swelling will bulge up the surface.  This does happen naturally, 
where sulphide-sulphate oxidising bacteria generate sulphuric acid, which renders 
limestone to an easily erodable mess, and in some soils generates gypsum lenses that bulge 
up the ground into surface blisters.  Schuiling reckons that the huge sulphuric acid surplus, 
created partly by removing sulphur from vehicle fuels, could be used as a kind of geo-
engineering tool on a vast scale.  For instance, the coralline shallows beneath the shallow 
Palk Straits that separate India and Sri Lanka, could be induced to bulge up and create an 
island ridge, and so complete what is known as Adam’s Bridge that nearly links the two 
countries.  Closer to home, the Low Countries might become the “Slightly Higher Countries”.  
Worryingly, the technology to make the process viable is simple, if a little expensive on the 
scales envisaged.  The worry, of course, is yet more CO2 emission plus the effect on the 
environment of so much sulphate and a massive fall in pH. 

Ravilious, K 2004.  Growing bridges out of rock.  New Scientist, 20 November 2004, p. 38-41. 
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