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Keynote Speaker: Unconventional Gas Resources: A Perspective and Outlook 
 
Richard J. Chuchla, Exxon Mobil Corporation 
 

Unconventional gas resources (UGR) have emerged as an important part of the 
world‘s energy supply.  The pace of resource additions and the growth of 
unconventional gas production in the United States have caused some to label this 
emergence as ―revolutionary‖.  In hindsight, however, the growth of unconventional 
gas as an important energy source has followed the historical exponential growth 
pattern of emerging technologies. 
 
In the current vernacular, unconventional gas resources include tight gas sands, coal 
bed methane (CBM) and shale gas.  Although shale gas has received the most press 
during the last couple of years, each of these three resource types has contributed as 
a significant source of energy and to improvements in technological understanding 
which have had generic benefits. 
 
Unconventional gas production has a long history.  First shale gas production used for 
commercial purposes was in 1821 from Devonian shales near Fredonia, N. Y.  In fact, 
by the mid-1820s some were calling the Appalachian Devonian shale play the largest 
gas accumulation in the world.  CBM enjoys a similarly long history.  Gas in tight 
sandstones has been encountered since the start of conventional oil and gas 
exploration.  In each case, the impediment to significant commercial production was 
lack of cost-effective technology. 
 
The United States provides a showcase for technology development that has resulted 
in the means to commercially produce these unconventional resources.  As a result, 
Remaining Ultimate Recoverable estimates have increased from about 400 TCF in 
1985 to approximately 2000 TCF today.  Unconventional resources have almost 
completely reversed the decline of conventional gas production which started in the 
early ‗70s.  ExxonMobil‘s 2009 Energy Outlook projects that by 2020, well over 50% of 
natural gas production will be unconventional.  At the current rate of consumption, 
assessed gas resources are now believed to be sufficient for the next century.  Given 
that natural gas is much cleaner burning than coal, that some sort of cost for carbon is 
likely to emerge from current bills in Congress and that power generation is likely to be 
the energy sector which will see the most growth in the next 20 years, ExxonMobil 
expects that natural gas consumption will grow faster than any other fossil fuel, largely 
at the expense of coal.  The strategic significance of UGRs is, therefore, difficult to 
overstate.   
 
There are several key insights to be gained from the past decades of technology 
development that have enabled unconventional gas production.  While few recognized 
the magnitude of UGRs, many knew that they were potentially very large.  For example 
the discovery of the Rulison tight gas sands in the Piceance basin in the early 1950s 
led to numerous attempts to fracture the reservoir to enhance productivity of the very 
large volume of gas-in-place.  This included the use of nuclear explosives.  
Commercial development did not start until 40 years later with the advent of new 
hydrofracturing techniques including ExxonMobil‘s Multi-Zone Stimulation Technology.  
The East Newark field was arguably discovered in 1982 but the Barnett shale did not 
start to produce in earnest until 20 years later.  And the Devonian shales of the 
Appalachian basin ―discovered‖ in the early 1800s have emerged as a viable resource 
almost 200 years later. 
 
While it is true that horizontal drilling and hydrofracturing technologies have been 
instrumental in the success of unconventional gas plays, many other factors have 
played important roles.  These include an improved understanding of subsurface 
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controls of gas distribution and a business model and processes which have been 
―tuned‖ to the need for drilling an order of magnitude or more of wells than would be 
required in a conventional development.  Paralleling the activities of the operator has 
been a rapid evolution in services provided by contractors (e.g. fit-for-purpose rigs) and 
infrastructure (e.g. gathering systems, pipelines).  Resulting from the need to drill in 
urban or environmentally challenging areas, are innovations like ―superpads‖ from 
which many wells can be drilled with an attendant reduction in surface footprint. 
 
The so-called ―manufacturing‖ process involved in developing UGRs has 
overshadowed the significant variability which exists between unconventional gas 
plays and the significant internal variability within single plays.  In addition, the 
unfortunate moniker of ―continuous‖ hydrocarbon accumulations has suggested to 
some that it‘s simply a matter of drilling lots of wells rather than worrying the details of 
subsurface geologic controls.  This is demonstrably wrong.  The importance of 
understanding the controls of the ―sweet spot‖ is paramount and the consequences of 
playing on the fringes of these plays versus the areas of highest resource density are 
obviously severe. 
 
The differences between UGR types, even within single categories is significant.  It is 
clear that while there are unifying similarities, a slavish adherence to the Barnett model 
would cause you to miss the Eagle Ford or Haynesville plays.  Likewise, the San Juan 
CBM resource is very different from its relatives.  The tendency to want to categorize 
these unconventional play types is a reflection of the remaining gaps in fundamental 
scientific understanding. The physics of flow through reservoirs with micro and 
nanodarcy permeability and/or microfracture networks is different from fluid flow in 
conventional reservoirs.  Determining fluid saturation from logs in ultra-tight reservoirs 
challenges our existing tools and Archie reservoir methodologies.  Characterization of 
the pore network and importance of fractures in producing shale gas systems is hotly 
debated.  The list goes on. 
 
An environment of low gas price and ample supply will challenge producers to become 
even more efficient.  We expect that efficiencies will continue to be gained in drilling 
and completions.  While there are concepts which are hatching which could materially 
impact how wells are drilled and completed, gains from continuous learning and 
improvement processes will be as important.  However, the most upside remains in 
identifying the best plays and, within those plays, the ―sweet spot‖.  Drilling and 
completion efficiency can be improved but resource density is immutable.  Therefore, 
we expect to see a significant continuing and future technology focus on 
understanding the fundamental science which controls the distribution of UGRs and on 
the tools which will better enable ―sweet spot‖ identification.   
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Keynote Speaker: European Unconventional Gas Plays 
 
Ken Chew, IHS Inc. 

 
―Unconventional‖ gas is no longer unconventional.  The exploitation of gas resource 
plays in North America has now developed to such an extent that 50% of US gas 
production comes from coalbed gas, shale gas and tight sand gas.  Of these, shale 
gas is the fastest growing.  In the five-year period between 2004 and 2008 US shale 
gas production almost trebled, from 1.88 billion cubic feet (bcf) per day to 5.52 bcf / 
day.  In 2008, US shale gas production exceeded coalbed gas production for the first 
time. 
 
In eastern Australia, meanwhile, the world‘s third largest coalbed gas producer after 
the US and Canada has doubled production between 2006 and 2008 and the rate of 
increase is such that eight LNG export schemes for Queensland coalbed gas have 
been proposed, with the first schemes expected to be online by 2014. 
 
What lies behind this dramatic growth in gas resource play production?  In part it 
reflects declining production from traditional reservoirs and a desire to increase energy 
security by producing from indigenous sources.  The principal drivers, however, have 
been technological advances in drilling and completion.  With little exploration risk, the 
development of gas resource plays has become very much like a manufacturing 
process. 
 
Europe is particularly well-suited to gas resource play exploitation on account of its 
large market, established pipeline infrastructure, increasing demand and current 
dependence on gas imports.  Relatively high natural gas prices add to the attraction. 
 
Coalbed gas exploration has taken place in at least 11 European countries and even 
larger potential resources exist on the periphery of Europe in Russia, Ukraine and 
Turkey.  Estimates of in-place resources within Europe are variable but indicate some 
300 tcf of gas-in-place.  The Czech Republic, France, Germany, Poland and the United 
Kingdom are also significant producers of coal mine methane (CMM).  Some 78 CMM 
projects are currently active in these five countries.  Commercial coalbed gas 
production in the UK commenced in 2009.  In Poland the RECOPOL project has 
demonstrated the feasibility of enhancing coalbed gas production by injecting, and 
thereby sequestering, CO2. 
 
Shale gas exploration in Europe is in its infancy.  The first exploratory well was 
spudded in Germany in 2008 and drilling also commenced in Sweden in November 
2009.  As a consequence, little is known about Europe‘s ultimate potential.  In 1997 
Rogner estimated the in-place resource of Europe (including Turkey) at 550 Tcf, by 
extrapolating from estimated US resources of gas per tonne of shale and applying this 
to the worldwide distribution of oil-shale.  He admitted that this approach was ―quite 
speculative‖. 
 
More recent studies indicate significantly larger in-place resources.  OMV has 
suggested a potential recoverable shale gas resource of 15 Tcf in the Vienna Basin, 
Austria, from an in-place resource of 200-300 Tcf.  TNO‘s ―best estimate‖ for 
―producible gas in place‖ in ―high potential‖ areas of the Netherlands is 198 Tcf from an 
estimated in-place resource of 3,950 Tcf. 
 
Given the potential size of the in-place resource it is not surprising that investigations 
are currently under way in at least nine countries (Figure 1).  Company interest 
extends from super-majors, such as ExxonMobil and Shell, through major 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 12  

independents to small niche players and coalbed gas explorers who may have some 
shale gas potential on their acreage. 
 
Figure 1.  Some European Basins and Formations with Shale Gas Production Potential  
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Just as the unconventional is gradually becoming conventional, progressively tighter 
reservoirs are being brought into production as drilling and completion technology 
improve.  Coalbed gas and shale gas accumulations are readily identified by virtue of 
their lithology.  Tight gas sandstone and carbonate reservoirs are harder to define 
because the word ―tight‖ is an extremely qualitative description. 
 
The most commonly used quantitative definition for tight gas reservoirs is those having 
an average permeability of less than 0.1 millidarcies.  But this information can be 
difficult to obtain. 
 
The definition of Holditch (2006), that a tight gas reservoir is one that is only economic 
if wells are stimulated by a large hydraulic fracture treatment or developed by use of 
horizontal wellbores or 
multilateral wellbores, makes identification of likely tight gas reservoirs a much simpler 
process. 
 
Fracture stimulation of tight Lower Permian reservoirs has taken place in Europe for 
the past three decades, with over 100 horizontal wells having been drilled in these 
Rotliegendes fields.  Tight Carboniferous reservoirs of the Central European Upper 
Paleozoic province are assumed to host many trillions of cubic feet of natural gas and 
are also now a target for development by multiply-fractured horizontal wells. 
 
More recently, tight Neogene basin-centred sandstone reservoirs have been appraised 
in Hungary‘s Makó Trough. 
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Keynote Speaker: Worldwide Shale Resource Plays and Prospects 
 
Daniel M. Jarvie, Worldwide Geochemistry, PO Box 789, Humble, Texas 77347,  

 
The development of shale resource plays and prospects has now begun a worldwide 
affair from its humble beginnings in the United States.  While such plays have been 
exploited to some extent since the 1800‘s, it was the Barnett Shale in the Fort Worth 
Basin, Texas that instigated pursuit of such plays on a global basis.  In the USA the 
Newark East Field, wherein the Barnett Shale is located, went from being the 87th 
largest gas field to the top gas field in terms of production.  This is indicative not only of 
increased number of wells that now total over 14,000 but also increased understanding 
of commercial success factors for this play as well as other shale resource plays. 
 
Shale resource plays may be shale-gas or shale-oil, the latter being oil that is 
producible from shale or closely associated non-shale lithofacies as opposed to oil 
shale, which requires energy input to cook and generate oil and gas that can then be 
produced, e.g., as in oil shale retorting.  With the low prices for natural gas over the 
last few years, shale oil and combination shale-gas/shale-oil plays with their higher 
economic value, have taken on increased importance.  As such any shale source rock 
has become a target for either gas or oil.  In fact, not only because of such physical 
property differences in these reservoirs, but also due to the different mindset required, 
these plays have taken on the moniker of unconventional shale resource plays. 
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Figure 1.  Various shale-gas and shale-oil resource plays in North America. 
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Table 1.  Key to shales shown in Figure 1. 

1 Antrim Shale 26 Eagle Ford Shale

2 Niobrara Shale 27 Barnett Shale

3 Gammon Shale 28 Niobrara Shale

4 New Albany Shale 29 Bakken/Exshaw shales

5 Bossier Formation 30 Bakken Shale - Canada

6 Woodford Shale 31 Montney Shale

7 Marcellus Shale 32 Muskwa Shale

8 Conasauga Shale 33 Utica Shale

9 Fayetteville Shale 34 Chainman Shale

10 Woodford Shale 35 Heath/Bakken shales

11 Haynesville Shale 36 Mowry Shale

12 Barnett Shale 37 Mowry/Niobrara shales

13 Pearsall Shale 38 Mowry/Niobrara shales

14 Atoka/Barnett/Woodford 39 Gothic Shale

15 Woodford Shale 40 Barnett/Woodford shales

16 Penn. Shales 41 Eagle Ford/Midway/Wilcox formations

17 Pierre Shale 42 Tuscaloosa Shale

18 Lewis Shale 43 Marcellus Shale

19 Gothic Shale 44 Green Point Shale

20 Baxter Shale 45 Chattanooga Shale

21 Waltman Shale 46 Cumnock Formation

22 Bakken Formation 47 Cody Shale

23 Monterey Shale 48 Chuar Formation

24 Antelope Shale 49 Atoka-Cherokee shales

25 Mancos Shale Jarvie, 2010
 

 

Processes and characteristics that play a central role in the commercial success of 
shale-gas plays include, for example, various geochemical, petrophyiscal, rock 
mechanics and reservoir properties.  Sufficient thermal maturity and gas generation 
potential are required to provide the gas-in-place (GIP) contents that will lead to 
sufficient recovery for economic success.  This can be predicted with various caveats, 
pre-lease and pre-drill to evaluate investment opportunities appropriately.  Combining 
this with assessment of the ability to stimulate a shale to connect isolated pores 
containing gas, its fluid sensitivities, and pressure regime provide insights to high-
grade plays and prospects with a much higher degree of certainty.   
 
While various processes and characteristics suggest potential success in shale-gas 
plays, whereas shale-oil plays require another set of rules for predicting economic 
success.  One of the more obvious characteristics is thermal maturity, where an oil 
window mature shale source rock is needed.  However, being in the oil window does 
not mean there is sufficient oil saturation to yield commercial amounts of oil; it is 
important to identify either the actual oil saturation or, at least, a proxy for oil saturation 
when possible as well as lithofacies with low adsorption affinities with added storage 
capacity. 
 
There will be continued expansion and success of shale resource plays on a worldwide 
basis providing energy resources for all non-polar continents for decades to come. 
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Keynote Speaker: Shale Gas in Europe: Some Pragmatic Perspectives  

 
Brian Horsfield, Hans-Martin Schulz, GFZ German Research Centre for Geosciences, 
Telegrafenberg, 14473 Potsdam, Germany  
 

The hunt for shale gas in Europe is well and truly on. The majors have acquired 
acreage across eastern, northern and western Europe and test drilling is already 
underway. Exploration focus includes Sweden, Poland, England, France, Austria, 
Hungary and Germany (Figure 1). Thanks to the GASH project (Gas Shales in 
Europe), leading research institutions are already on the road to developing new 
exploration concepts and production technologies, and Europe‘s geological surveys 
are scouring their archives to assemble a unified black shale database. As of today no 
shale gas play has been brought to the production level in Europe, but the prime 
targets are there, as are gathering infrastructures and markets.  
 
Technologies that have greatly improved the economics of shale plays in the USA, 
including horizontal drilling and hydraulic fracturing, probably can be readily adapted to 
resource plays in Europe. Yet many investment analysts overlook the fact that the 
geological setting in Europe is fundamentally different to that of the USA, complexity 
being the rule rather than the exception. Costs per well are still higher than in the US, 
and mining regulations are certainly tighter. While the opportunities appear abundant, 
there are still many additional challenges to be overcome in Europe such as land 
access and environmental issues, and developments must run hand in hand with 
informing the general public.  
 
Unlocking the shale gas potential of European black shales is quite a challenge. GASH 
is the first major scientific initiative in Europe that is focussed on shale gas; it is broad 
ranging in scientific scope and unites leading European research groups and 
geological surveys with industry. It comprises two main elements: the compiling of a 
European Black Shale Database (EBSD) and conducting research on the interplaying 
factors governing shale gas formation and occurrence.  
 
The EBSD is being built by a team of more than 20 geological surveys, extending from 
Sweden in the north, through western Europe and the Baltic states down to southern 
Europe, and over to Romania, Hungary and the Czech Republic in the east. Clearly 
such a database will constitute a major step forward because the most commonly cited 
estimate of shale gas potential (510 Tcf, Rogner,1997) drew its information only from 
western Europe without including the new European Union member states. Key well 
attributes stored in the database include depth, thickness, TOC, type of organic matter, 
maturity, gas shows and kicks, inorganic geochemical data, sedimentary facies, and so 
on. Well logs, core availability and seismic information are stored as meta-data.  
 
The research projects apply numerical modelling, process simulations and laboratory 
analyses to selected regional study areas or ―natural laboratories‖ from both Europe 
and the USA. The European black shales selected as natural shale gas laboratories 
are the Cambrian Alum Shale from Sweden and Denmark, the Lower Jurassic 
Posidonia Shale from Central Germany, and Carboniferous black shales from the UK 
in the west via the Netherlands to Germany in the east. North American black shales 
which hold successful shale gas plays such as the Barnett and Marcellus Shale are 
also incorporated in the studies to help calibrate known features and processes. In any 
petroleum system, be it conventional or unconventional, prospectivity will depend on 
petroleum mass and recovery. For shale gas, key issues are thus to predict gas in 
place (GIP) and to quantify those geological,  
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petrophysical and geomechanical properties which most affect delivery of gas to the 
wellbore. These concepts have been extensively developed for conventional 
petroleum systems, but a parallel workflow is now required which will enable us to 
develop a similar risking matrix for shale gas. While producing shale gas is very much 
a reservoir scale exercise, the key to sweet spot recognition begins at the basin scale. 
Deposition, diagenesis and maturation together determine the amount of gas source 
material in the shale, the extent of gas generation (from numerous organic precursors), 
the amount of gas retained or lost, as well as the fabric and strength of the rock. All 
these vary for better or for worse in the geological depressions and structures that 
underlie Europe. One challenge is a better understanding of how standard basin 
modelling techniques can be efficiently applied to assess the occurrence of 
continuous, non-structurally controlled accumulations. 
 
The presentation will address the aforementioned issues from a pragmatic perspective, 
considering the practical issues involved in conducting research into European shale 
gas.  
 

 
Figure 1 Activity summary (Horsfield and Schulz 2010 Oilfield Technology in press)  
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Tectonic and Palaeoclimatic Controls on Black Shale Distribution and Richness 
in Europe 
 
Fivos Spathopoulos; Praxxis Ltd & Imperial College London 
 

Success in exploration for unconventional gas resources in Europe depends primarily 
on the existence of good quality, thick, organic-rich sediments. The deposition of these 
rocks was governed by paleogeographic, paleoclimatic and paleoceanographic factors. 
The main depositional periods of onshore European organic-rich sediments have been 
studied, in order to explain and predict the accumulation of such rocks. During the 
Cambro-Ordovician the Baltic Sea was an enclosed marine basin, where the Alum 
Shales accumulated. In the Silurian, organic-rich graptolite beds were deposited at the 
northern continental shelf of Gondwana, which was located at the South Pole, whereas 
marine black shales accumulated at the western side of the Baltica continent that lied 
at the Tropics. The Lower Carboniferous black shales were deposited within an 
elongated trough that existed in northern Europe, which at that time was still in the 
Tropical zone. The last Carboniferous black shales were deposited in the Visean, just 
before the northern European trough closed. Following the Variscan orogeny, 
intramontane lakes were formed along a SW-NE trend in Central Europe, where 
extremely rich lacustrine black shales were deposited.  
 
During the Pangaea period of Triassic, no major organic-rich rocks were deposited in 
Europe, except for the Black Limestones in Italy and western Greece. At the beginning 
of the Jurassic, the Tethys Ocean was closed at its western end and it became a 
topographic ―cul-de-sac‖. Southern Europe was located at about 25°-30° N, at a 
geographical location conducive to monsoons. At the same time, extensive rifting in 
the southern and central Europe created small basins, where the rich Lower Jurassic 
black shales were deposited. During the Bathonian, the western end of the Tethys 
Ocean re-opened, but the basin remained at the same geographical position. A 
continuous series of black marls and shales accumulated throughout the Early and 
Middle Cretaceous in southern Europe.  
 
During the Tertiary an E-W trending oceanic basin (―Paratethys‖), extending from 
Poland to Turkmenistan, opened as a back-arc basin. Within this basin, a very 
important black shale horizon was deposited during Oligocene-Miocene, as a result of 
isolated basin anoxia. This black shale exists throughout the area of the old Paratethys 
and constitutes a major source rock. 
 
Further modelling of the depositional conditions of European black shales can reveal 
the areal extent and the kerogen type of the organic-rich sediments, two critical factors 
in unconventional petroleum exploration. 
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Paleogeomorphology and Sea-Level-Fluctuation Controls on Development of 
Shale-Gas Deposits: An Example from the Upper Jurassic Haynesville and 
Bossier Shales, East Texas, USA.  
 
Ursula Hammes, Bureau of Economic Geology, Jackson School of Geosciences, The 
University of Texas at Austin, Austin, Texas, USA 
 

The Late Jurassic (Kimmeridgian to Tithonian) was one of the most prolific times for 
organic-rich source-rock production, and deposition of these mudrocks ranges from the 
Gulf of Mexico, across the proto-Atlantic, to the Tethys. Many important source-rock 
intervals are associated with eustatic, second-order, relative-sea-level rises that 
flooded many of the shelves along these basins and, in the process, deposited marine 
transgressive black mudstones. However, not every one of these black mudstones is 
organic-matter-rich accumulations producing rich source rocks that ultimately 
generated the shale-gas deposits currently being investigated around the world. The 
major goal of this investigation is to define some of the controls on the formation of 
shale-gas deposits using the western Gulf of Mexico Upper Jurassic Haynesville and 
Bossier shale-gas plays as examples.  
 
The Haynesville and Bossier interval in East Texas and West Louisiana has evolved 
into one of the most prolific shale-gas plays in North America, with estimated 
recoverable resources in the hundreds of trillions of cubic feet of gas. Wells are 
characterized by high initial production rates of up to 30 MMcf/d of gas, very high 
pressure gradients of 0.9psi/ft, and steep annual decline rates of close to 80 %. These 
economically viable plays have generated strong interest in industry, and academe is 
cooperating by facilitating research in disciplines such as geochemistry, basin 
modeling, sedimentology, shale diagenesis, and pore-network development. However, 
few publications on the regional understanding of the depositional setting, facies, 
diagenesis, pore evolution, petrophysics, and geochemical characteristics of 
Haynesville and Bossier shales exist. This work represents new insights into 
Haynesville and Bossier shale stratal architecture; paleographic, tectonic, and 
depositional setting; lithofacies; geochemistry; and pore-network development.  
 
Haynesville and Bossier shale deposition was influenced by basement structures, local 
carbonate platforms, and salt movement related to the opening of the Gulf of Mexico. 
During Haynesville time the basin was surrounded by carbonate, evaporite, and 
siliciclastic shelves of the Smackover/Haynesville Lime Louark sequence in the north 
and east and locally isolated platforms within the basin. The basin periodically 
exhibited a restricted environment and reducing anoxic conditions, as indicated by 
increased molybdenum content, presence of very fine framboidal pyrite (<4 microns), 
and TOC-S-Fe relationships. These organic-rich intervals are concentrated along and 
between platforms and islands that provided restricted and anoxic conditions during 
Haynesville and part of Bossier times. Nutrients were provided by surrounding 
carbonate platforms, clay was shed into the basin from siliciclastic shelves, and 
organic production was facilitated by the overall rapidly rising sea level (Figure 1).  
 
Several rivers supplied sand and mud from the northwest, north, and northeast into the 
basin, contributing to a variety of mudrock lithology changes across Haynesville and 
Bossier depositional areas. Mudrocks range from calcareous-dominated facies near 
the carbonate platforms and islands to siliceous-dominated facies in areas where 
deltas prograded into the basin and diluted organic matter (e.g., northern Louisiana 
and northeast Texas; Figure 1). These facies are a direct response to a second-order 
transgression and highstand that lasted from early Kimmeridgian to Berriasian time. 
Haynesville and Bossier shales each compose three upward-coarsening cycles that 
probably represent third-order sequences within the larger, second-order transgressive 
systems and early highstand systems tracts, respectively. Each Haynesville third-order 
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cycle is characterized by unlaminated mudstone grading into laminated and 
bioturbated mudstone. Most of the three Bossier third-order cycles are dominated by 
varying amounts of siliciclastics, with the fabric of the rocks grading from unlaminated 
into laminated mudstone and becoming capped by siltstones. However, the third 
Bossier cycle exhibits a higher carbonate content and shows evidence of an increase 
in organic productivity in a southern restricted area (beyond the basinward limits of 
Cotton Valley progradation), creating another productive gas-shale opportunity.  
 
Concepts developed from studying the Haynesville and Bossier shale-gas system can 
be applied to other shale-gas systems that had relatively similar settings. The same 
investigative techniques applied to the Haynesville and Bossier shales need to be 
applied to other shale-gas systems so that a wider understanding of these systems 
can be developed.  
 

 
 
Figure 1: Depositional model of the Haynesville Shale, East Texas and North Louisiana. 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 24  

NOTES 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 25  

Beach Energy Cooper Basin Shale Gas Review 
 
Lindsay Elliott, Bronwyn Camac, Mark Pitkin, Beach Energy Limited, 

 
Beach Energy commenced a review of Australian shale gas opportunities in 2008. This 
review examined both geological and commercial aspects to high grade potential 
acreage opportunities. A number of areas were identified as possibly meeting the 
geological criteria, however infrastructure requirements were lacking. The Permian 
Cooper Basin, and in particular the Nappamerri Trough portion provided the best 
features of both appropriate geology and infrastructure (Fig 1). Beach negotiated 
farmins to the main prospective permits in 2009. 
 
The Cooper Basin is a Permian-Triassic sag basin underlying the more widespread 
Jurassic-Cretaceous Eromanga basin. Basement is primarily highly radioactive 
granites underlying the central part of the Nappamerri Trough with sediments and 
meta-sediments of the Cambrian Warburton Basin underlying the remainder of the 
basin. Heat-flow within the basin is variable and is controlled by basement type. The 
areas underlain by granites have high heat-flow with paleo-temperature gradients 
reaching 6oC/100m in the Nappamerri trough, and lower gradients (3.3-3.7oC/100m) 
across the remainder of the basin. The high heat-flow within the Nappamerri Trough 
has provided sufficient maturity for the Permian lacustrine units to be considered shale 
gas targets. 
 
The lacustrine Permian Murteree and Roseneath Shales are considered the primary 
objectives for shale gas; however the encased Epsilon Formation which consists of 
both sands and shales could provide a ‗deep basin‘ type tight gas opportunity if gas 
filled across the area; as could the underlying Patchawarra Formation though this is 
considered higher risk. The Murteree and Roseneath Shales vary in thickness between 
60-100m and appear to be continuous across the basin except where eroded around 
the trough margins. The two shales were considered by Boreham and Hill (1998) to be 
poor source rocks; however the identification of high resistivities and an anomaly 
across both units on sonic logs (Fig 2) in deep Nappamerri Trough wells suggested 
both units were over-pressured and likely to be of better source quality. TOC analysis 
showed carbon contents of between 2-8% and higher TOCs where thin coals were 
encountered. Initial Rock-Eval analysis showed both units were predominantly poor 
quality; however following receipt of petrology analysis and the identification of 
significant siderite present in the shales, Rock-Eval was rerun after removal of the 
carbonates. This showed significantly improved Oxygen Index values (6-12) consistent 
with that published for the Barnett Shale (Kinley et al, 2008). Hydrogen Index values 
were lower than the Barnett due to the increased maturity (2-3%Ro) of the Nappamerri 
Trough samples. 
 
A well is planned in 2010 to investigate the shale gas and tight gas sand potential of 
the Nappamerri Trough. The well will be drilled outside of structural closure to 
investigate whether the Epsilon and Patchawarra sands are gas saturated off structure 
(gas saturated and over-pressured on structure). The geological environment for 
drilling is difficult with drill depths of 3000-3300m and high temperatures (170-200oC) 
expected over the target section. Coring will be undertaken through the Roseneath, 
Epsilon and Murteree sections to examine geochemistry, gas contents, lithology and 
rock mechanical properties.  
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Fig 1 - Beach Energy Cooper Basin Shale 
Gas Permits 
 

Fig 2 - Burley 2 well section showing 
Roseneath and Murteree Shale targets. 
Target depths are 2900-3200m. Note high 
resistivity and low sonic values in shales. 

 
 
 

Fig 1 Fig 2 
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Keynote Speaker: Challenges Presented to Gas Producers by the Tectonic 
Fabric Carried Within the Marcellus Gas Shale of the Appalachian Plateau 
 
Terry Engelder, Department of Geosciences, The Pennsylvania State University, University 
Park, PA 16802, USA. 
 

Planning the drilling and stimulation of Marcellus gas shale wells is particularly 
challenging because of the tectonic fabric pervading the Appalachian Plateau.  The 
Devonian Marcellus gas shale fairway sweeps in an oroclinal bend from the New 
York State, through Pennsylvania, and into West Virginia.  The oroclinal bend reflects 
Alleghanian tectonics driven by the collision of the margin of Gondwana against 
Laurentia in Pennsylvanian through Middle Permian time.  Alleghanian tectonics 
starts with the oblique convergence of Gondwana against Laurentia which is 
reflected in major dextral strike-slip fault system at the edge of Lauarentia and 
presently running the length of the Central and Southern Appalachians.  Dextral slip 
was arrested when the two lithospheric plates locked at the New York promontory.  
Subsequent to locking, Gondwana pivoted in a clockwise fashion to drive crystalline 
thrust sheets (i.e., the Appalachian Blue Ridge) into the foreland of the Central and 
Southern Appalachians.  During this clockwise pivot, crystalline thrust blocks drove 
the Appalachian Valley and Ridge and the Plateau toward the foreland along a series 
of detachments.  The Valley and Ridge was detached on Cambrian shales whereas 
the Appalachian Plateau detachment sheet slipped toward the North American craton 
on a décollement of Silurian salt.  This salt décollement is blind at its toe which 
means that slip was accommodated by a combination of fault imbrications, folding, 
and pervasive strain exceeding 10% layer parallel shortening.  During this period of 
plate-plate dextral slip and a clockwise pivot, the Marcellus was buried sufficiently for 
thermal maturation to allow for the generation of gas-driven natural hydraulic 
fractures in the Marcellus.  While the Marcellus is nearly devoid of strain markers, 
there is little doubt that it suffered the same pervasive strain as those gray shales 
and siltstones with obvious strain markers.  Well developed pencil cleavage in 
weathered outcrops is a manifestation of layer-parallel shortening.    In addition to 
layer-parallel shortening fabrics, larger-scale folds developed over splay faulting 
within the Marcellus.   Because of the larger-scale splay faulting, seismic surveys are 
important for planning Marcellus wells.    
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Natural Fractures in Shales: Timing, Sealing, Mechanisms of Formation, and 
Relevance for Shale-Gas Reservoirs 
 
Julia. F. W. Gale, P. Eichhubl, A. Fall, S. E. Laubach, Bureau of Economic Geology, Jackson 
School of Geosciences, The University of Texas at Austin, University Station Box X, Texas, 
78713, U.S.A.:  
 

Natural fracture systems are important for production in shale-gas reservoirs in two 
ways. In some shale reservoirs the most important effect of natural fractures is their 
tendency to reactivate during hydraulic fracture treatments, which may increase the 
surface area of reservoir in contact with the wellbore. In other shales natural fractures 
are partly open and can contribute to permeability without reactivation. Degree of 
fracture openness and the strength of the fracture planes are related to the specific 
structural-diagenetic history of each fracture set and shale host rock.  
 
Several possible mechanisms may control fracture formation. A key variable is the 
depth of burial, and thereby the stress state and pore fluid pressure at the time of 
fracture development. Examples exist across the spectrum; from veins developing 
before host-rock compaction is complete, to veins forming at maximum burial due to 
hydrocarbon generation or other mineral reactions, to late, shallow veins of gypsum 
formed due to pyrite oxidation in the weathering zone. This study examines examples 
that illustrate these mechanisms from several US shales, including the Devonian 
New Albany Shale in the Illinois Basin, the Devonian Woodford Shale and the 
Mississippian Barnett Shale from the Fort Worth and Permian Basins in Texas, and 
the Pennsylvanian Smithwick Shale from central Texas.  
 
Analysis of fracture-filling cements in three fracture sets in a core from the Barnett 
Shale in the Delaware Basin, West Texas is combined with a burial history model in 
order to determine the sequence of fracture formation, and to obtain insights into the 
origin and mechanism of formation of each fracture set. In our example, an early 
fracture set mostly sealed with carbonate cement, but with small remaining pores, 
has been folded during compaction.  A second set of fractures includes both 
horizontal and irregular subvertical fractures that are sealed with fibrous barite 
containing primary, liquid-rich hydrocarbon and aqueous fluid inclusions. We interpret 
these primary inclusions as forming during cracking of kerogen to oil. This conversion 
caused an overpressure, thus providing a mechanism for fracturing. In addition, this 
second set of fractures contains secondary, vapor-rich hydrocarbon inclusions with 
condensate rims, trapped in barite along cross-cutting planes that are sub-parallel to 
the fibres. We interpret these secondary inclusions as having formed during 
secondary gas generation. A third set of fractures contains quartz bridges with crack 
seal structure indicative of quartz cementation during fracture opening (Fig. 1). 
Homogenization temperatures of aqueous inclusions in these quartz bridges suggest 
fracture opening of set 3 after formation of the second fracture set but prior to gas 
generation. This set is the most common and likely the most important for production. 
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Geomechanical Characterization of Unconventional Play in the Cooper Basin, 
Australia: An Integrated Approach using Well Bore Analysis, Seismic Mapping 
and Fracture Modelling. 
 
Guillaume Backé

1
, Rosalind King

2 

 
1
Tectonic(s), Resources and Exploration (TRaX), Australian School of Petroleum, The 

University of Adelaide, Adelaide, SA 5005, Australia 
2
Tectonic(s), Resources and Exploration (TRaX), School of Earth and Environmental 

Sciences, The University of Adelaide, Adelaide, SA 5005, Australia 

The Cooper Basin is located in central Australia and extends across the border of 
South Australia and Queensland. This Late Carboniferous to Middle Triassic basin is 
the largest onshore sedimentary basin producing oil and gas in Australia. The 
majority of the conventional reservoirs in the Cooper Basin are tight, characterized by 
low permeability which requires the use of fracture stimulation techniques to produce 
the oil. This mature basin is now the focus of various exploration projects focussing 
on unconventional targets, mostly tight gas hosted in Permian shales, which are also 
the source rock for the conventional plays. 
 
The development of such tight prospects require a good understanding of the 
structure of the reservoirs, mechanical properties of the stratigraphy, fracture 
geometry and density, in-situ stress field and fracture stimulation strategies in order 
to maximise the production. 
 
This study aims at improving the mapping of naturally occurring fracture sets in the 
Cooper Basin, as well as providing clues for better fracture stimulation techniques. 
We use a combination of seismic mapping techniques, including horizon and attribute 
mapping, as well as analysis of wellbore image logs, to better constrain the existing 
fracture networks in the Cooper Basin. We also review the existing information in the 
Basin regarding the present-day in-situ stress and rock strength. In parallel, we test 
some tectonic deformation scenario in view of forward modelling the generation of 
fracture sets through the evolution of the Basin, and compare these to the mapped 
fractures.    
 
These data and our interpretation are used to evaluate the geomechanical properties 
of the unconventional gas play, and constitute a base for the development of future 
exploration strategies in the Cooper Basin. 
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Geological Controls on Well Productivity and Reservoir Performance in Select 
North American Shale Gas Plays 
 
R. Herbert, M. Lawford, G. Schmidt, Talisman Energy Inc., Calgary, AB, Canada 
 

North American shales typically exhibit geological variability on a macro and micro 
scale that results in marked variability in well performance.  In the era of 
unconventional development, technology is driving well performance, but geology still 
underpins the potential for commercial development. Three North American shale 
gas plays, the Marcellus Shale in Pennsylvania, USA, the Montney Shale in Western 
Canada and the Utica shale in Quebec are the current focus of active piloting activity 
and in the case of the first two of these shales, development. It is expected that by 
the end of 2010, up to 350 wells will have been drilled by Talisman in the Marcellus, 
Montney and Utica Shales. The pace of evolution of shale plays is growing 
exponentially. Therefore, it is critical to acquire data early and develop geological 
models to establish a clear understanding of the technical controls on commercial 
development.  
 
The results described will include the data obtained from 23 cored wells, which 
recovered over 1,000m of full-diameter core. Extensive analysis of samples, 
including XRD, SEM, geochemical analysis, as well as porosity, permeability and 
saturation measurements that are designed specifically for shales were conducted 
early in the life of the play. These data are integrated into basin-wide depositional 
and maturity models to establish a prospective fairway. The complex interplay 
between shale mineralogy, tectonics, and reservoir fluid composition determines the 
response of the shale to hydraulic fracturing and subsequent reservoir performance. 
The combination of these characteristics and their effect on well productivity and 
reservoir performance will be discussed and contrasted for each of the shales. 
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Review and Preliminary Classification of Matrix Pores in Mudrocks 
 
Robert G. Loucks, Robert M. Reed, Stephen C. Ruppel, Ursula Hammes, Bureau of 
Economic Geology, Jackson School of Geosciences, The University of Texas at Austin 
78713-8924 

 

In the wake of shale-gas becoming a major exploration target, investigation of pore 
networks of very fine grained rocks known as mudrocks is essential to an 
understanding of production rates and reserves. However, identifying and 
characterizing mudrock pores are difficult because of their nanometer-to-micron 
scale. With development of the argon-milling technique and use of field-scanning-
electron microscopes, we can now image pores smaller than 5 nanometers. A 
number of different pore types have been identified, and combinations of pore types 
that constitute pore networks in different mudrock suites are variable. Pores can be 
divided into two basic types—those associated with organic matter and those that are 
not. Pores within organic matter appear to be related to maturation of organic 
material and are directly related to temperature. Nonorganic-matter pores, which can 
be divided into interparticle and intraparticle, are controlled by mechanical and 
chemical diagenesis. Interparticle pores occur between grains and crystals, whereas 
intraparticle pores occur within grain boundaries, such as dissolution molds in fossils 
and particles, intercrystalline pores within framboids of pyrite, or pores within 
phosphate grains. A ternary diagram with end members of organic matter and 
interparticle and intraparticle pores can be used to contrast differences in pore 
networks of different mudrock suites (Figure 1). All mudrock pore networks can be 
overprinted by fractures, producing a dual pore system. Additional work is necessary 
to identify and quantify pore networks in a larger sampling of mudstones over a broad 
range of time, temperature, and pressure. 

 
Figure 1. Classification of matrix pores in mudrocks. An example of each pore type is 
presented.  
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Sedimentological Controls on Petrophysical Responses in Mudstones: 
Implications for Shale Gas. 
 
Sarah Davies

1
,
 
Mike Lovell

1
, Joe Macquaker

2
 

 
1
Department of Geology, University of Leicester, University Road, Leicester  

2
Department of Earth Sciences, Memorial University of Newfoundland St John’s, Canada 

 

Understanding the detailed sedimentology of mudstones (‗shales‘) can contribute to 
the selection and application of petrophysical models in evaluating fluid saturations, 
kerogen abundance and physical properties. Understanding the fundamental controls 
on petrophysical variability in mudstones is key to developing a predictive capability 
in energy exploration and exploitation, both in conventional ‗thin bed‘ heterolithic 
formations but particularly in shale gas reservoirs.  
 
Shale gas resources are recognised as significant exploration targets because 
mudstone successions that are enriched in organic matter (>1% TOC) are common 
in the sub-surface. Effectively exploiting shale gas plays, however, is a significant 
exploration and production challenge that will require knowledge of the detailed 
sedimentological heterogeneity in these successions to capture fine-scale, but 
significant, changes and an understanding of how these changes control the physical 
properties. Downhole geophysical logs are important because they can provide 
continuous data, including images, of these fine-grained successions and are key 
data sources where core recovery is limited or absent. For petrophysical data to be 
used to their greatest effect in shale gas plays, log data must be ‗ground-truthed‘ by 
geological information. 
 
Mudstones, for a variety of historical and economic reasons, have often been 
assumed by petrophysicists to be homogeneous when generally they have more 
diverse mineral assemblages and chemical compositions, compared to sandstones. 
Detailed studies show that mudstones can be extremely heterogeneous over 
relatively small scales, and recent sedimentological analyses reveal that successions 
contain a systematic vertical organisation of lithofacies. Intervals with similar 
lithofacies can reach tens of centimetres to several metres in thickness and therefore 
could potentially be resolved from log responses. These lithofacies variations may 
control and underpin behaviour, from the initial location and quantity of gas reserves 
through to the geomechanical behaviour during hydrofracturing and recovery.  
 
In conventional reservoirs, where there is some intergranular pore space in the 
coarser material that has matrix flow permeability around the grains, petrophysicists 
may apply the Thomas-Stieber approach to handling the presence of fine-grained 
material in siliciclastic rocks.  This approach is based on an idealised conceptual 
model of the distribution of clays in a sedimentary rock - from end members where 
clays are defined as laminated, dispersed, or structural. This approach does not 
successfully meet the requirement to derive accurate porosity and saturation in 
conventional reservoirs. This approach is certainly not applicable to unconventional 
hydrocarbon reservoirs where there is very little conventional permeability, other than 
through fractures, and much of the porosity is intimately associated with mineral 
surfaces, nor does it reflect how the diversity of lithofacies in fine-grained 
successions is equal to that in coarser grained siliciclastics. Data from outcrop 
studies suggest common methods of estimations of kerogen proportions in shale gas 
plays, such as the relationship between high uranium concentrations and total 
organic carbon (kerogen), are more complicated and may underestimate the amount 
of kerogen.  
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The physics underpinning the petrophysical modelling of mudstones is fundamentally 
correct and, increasingly, available measurements enable us to extend and develop 
this basis to include differentiating, for example, between bound and free water. This 
is applied on the basis that mudstone successions are largely homogeneous and 
isotropic at the pore scale. The controls exerted by mineralogy, geochemistry and 
sedimentology need to be assessed to ensure the petrophysical (porosity, saturation, 
permeability) and geophysical (log response) variability of mudstones are more fully 
understood. Detailed analysis of the actual geological variability (chemistry, 
mineralogy, sedimentology) at a fine scale will enable better application of 
petrophysical models across the range of mudstone successions. These 
observations can then be matched to new generation logging tools that provide a 
range of measurements relating to both the physics and chemistry of the formation. 
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Petrophysics in Unconventional Gas Reservoirs 
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The phrase ―unconventional hydrocarbons‖ includes a diverse range of unusual gas 
resources. Here we consider the petrophysical aspects of four different types of 
unconventional gas: tight gas, shale gas, coal bed methane (CBM), and gas 
hydrates. Each of these different environments presents its own set of opportunities 
for the exploitation of additional gas resources, yet each is sufficiently individual to 
set one apart from another. Equally each of these unconventional hydrocarbons 
presents its own set of problems to the petrophysicist, whether in analysing core or 
downhole logs. Often unconventional ―reservoirs‖ are not easily produced 
economically; flow rates may be low and require assistance from stimulation or 
special recovery techniques. 
 
Tight gas, while presenting unusual geological conditions, is in some ways not 
necessarily unconventional from a petrophysical viewpoint.  It often occurs in 
sandstone or carbonate formations with very low permeability (typically in the milli- to 
micro-darcy range); a cut-off of 0.1 mD is often used to define ―tight gas‖. While the 
formation may contain significant porosity, this pore space is often poorly connected 
and heterogeneous, with small pore connections significantly constraining the 
permeability. This low permeability may be caused by the presence of clays, but can 
also be controlled by cementation rather than grain size, and the nature of this 
unconventional ―reservoir‖ can be highly unusual and variable. 
 
Shale gas, as the name suggests, is where fine grained formations consisting of clay 
and silt sized particles form the host rock containing the gas; the formation is 
characterised by very low matrix permeability. Consequently we have traditionally 
considered shales (or mudstones) as hydrocarbon seals rather than conventional 
reservoirs. The gas, predominantly methane, is trapped within tiny pore spaces and 
adsorbed onto organic matter, and the permeability is sufficiently low that even the 
methane cannot easily migrate through the rock. Complex hydraulic fracturing is 
generally required to produce significant quantities and propant emplacement is 
required to ensure fractures remain open during production. 
 
Coal bed methane differs from tight gas and shale gas in that the process of 
adsorption dominates, whereby the methane is attached to the organic component of 
the coal through weak molecular forces. The storage of methane thus depends on 
the extent of adsorption, which in turn relates to surface area in the micropores of the 
coal. Evaluating coal bed methane centres on detailed core analysis and concepts 
such as the Langmuir sorption isotherm which can be measured on coal samples as 
well as downhole measurements. Production techniques vary, from the production of 
free gas to desorption of gas from the coal through depressurisation, enabling gas 
flow through fracture systems which may be natural (cleats) or induced. 
 
Lastly, gas hydrates are naturally occurring crystalline ice-like solids and form at low 
temperatures and/or high pressures, typically in marine or permafrost environments. 
The gas, predominantly methane, is trapped in a cage or lattice of water molecules 
within the sediment and petrophysical models try to account for the presence of this 
gas as a solid crystalline component within the pore space. The complexity of this 
unconventional system is manifested by the diverse range of hydrate morphology 
and its effect on the petrophysical modelling. 
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For each of these unconventional hydrocarbons there are differences in the 
geological environment, but also in their physical and chemical properties, including 
heterogeneity and anisotropy.  These lead to differences in behaviour, from the 
exploration phase through to production behaviour.  
 
 
NOTES  
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A Combined Approach for Optimising Production from Low Permeability 
Unconventional Gas Plays  
 
Mark G Cottrell, William S Dershowitz; FracMan Technology Group, Golder Associates, 
Carnmoney House, Edgewater Road, Belfast, UK;  
 

This paper describes an approach that can be used for the assessment and 
exploitation of unconventional gas plays.  The strategy permits evaluation of 
localized, well trajectory and perforation specific, tributary drainage volumes derived 
from the stimulation of both hydraulic and natural fractures.  The approach provides 
insight on how to best optimise recovery from low permeability unconventional gas 
plays.   
 
The developed methodology includes (a) the prediction of the in situ stress (b) 
detailed finite element and discrete element (FE/DE) geomechanical modelling of 
hydraulic fracture stimulation within a network of natural fractures and (c) a scalable 
discrete fracture network (DFN) approach enabling rapid assessment of tributary 
drainage volumes from multiple realizations of the combined hydraulic and natural 
fracture system.  
 
The strengths of this approach include use of a FE/DE geomechanical technique 
which allows detailed modelling of hydraulic fracturing fully considering the influence 
of complex natural fracture patterns together with material strength characteristics.  
These geomechanical configurations are supplemented using a scalable DFN based 
simulation approach.  This has permitted several thousand hydraulic fracture 
configurations to be rapidly assessed for varying configurations of well location, well 
orientation and perforation intervals.   
 
The models make full use of realistic fracture geometry (including major faults and 
stratigraphic layering), rock properties, and include derived in situ conditions.  The 
predictions obtained from these simulations allow better understanding of the 
performance achievable from different recovery strategies and insight into how the 
physical quantities of stress, displacement, and fluid pressure inter-relate.   
 
Unconventional gas sources exist in a variety of forms, including shale gas, coal bed 
methane and tight gas.  They have been widely pursued in North America and are 
now being actively assessed here in Europe.  The provision of tools and workflows to 
permit better prediction and understanding of hydraulic fracture stimulation is critical 
to facilitating enhanced unconventional gas production.   
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The Application of Specialized “Unconventional” Techniques - Back to the 
Rocks 
 
Michael P Lewis, Discovery GeoServices Corporation; 
 

The oil and gas industry has become obsessed with fractured, tight and 
―unconventional‖ petroleum reservoirs, and the world‘s reliance upon this source of 
hydrocarbons is rapidly expanding. 
 
With the higher product prices, these reservoirs have clearly ―come of age‖. Their 
primary appeal is a perceived, and in some cases realized ability to drill hundreds or 
even thousands of wells into a reasonably homogeneous reservoir, and find 
predictable and uniformly commercial resources every time (no non-commercial 
wells). Although this utopia has not yet been achieved in most of the attempted plays, 
it has been successfully attained in large areas of the Barnett Shale, Haynesville 
Shale, Eagle Ford, Bakken/Three Forks, Niobrara, Antrim, Fayetteville, Montney, 
Cadomin, and other plays. This activity has at least driven a dramatic improvement in 
the number and percentage of commercially viable wells drilled, and the deliverable 
supply of oil and gas to the world market. 
 
Fractured reservoirs typically consist of a naturally fractured, low permeability and 
porosity, mature, organic rich matrix rock, exploited most efficiently with horizontal 
drilling. Tight reservoirs have very low permeability but may have fair or even good 
porosity, and have very few natural fractures, to the extent that they can even 
develop into basin-centered (or upside-down) gas and/or oil deposits. These 
reservoirs require massive fracture stimulations and often horizontal drilling to be 
commercial. ―Unconventional‖ reservoir types include coalbed methane (―CBM‖), 
bitumen, heavy oil reservoirs, gas hydrates and more; each of which possesses its 
own set of specialized challenges. 
 
Shale gas and oil shale reservoirs are usually grouped as ―unconventional‖, but are 
actually best treated as a clay-rich type of either fractured or tight reservoir. Each of 
these reservoir types relies upon new and/or emerging exploration strategies and 
production technologies to be commercially viable. However, each of these strategies 
and technologies is rooted in ―conventional‖ methods, and also has important 
implications for ―conventional‖ exploration and development. 
 
Recent huge advances in massive hydraulic fracturing techniques; much more 
detailed completion fluid sensitivity and compatibility analyses; greater emphasis on 
reservoir geochemistry (types and relative abundance of organic content, thermal 
maturity and migration, etc.), burial histories and basin modelling; and greater 
reliance on real geology (petrology, petrophysics, depositional environments, 
mineralogy, etc.) have pushed the industry away from a 3-D seismic centricity into a 
much greater emphasis on the characteristics and nature of the rocks themselves. 
 
This discussion will focus on the main technologies and methods employed for 
successful evaluation of fractured, tight and/or unconventional reservoirs, including 
discussions of several successful plays. However, unlike most of the discussions on 
the topic, it will focus on the geological aspects rather than the engineering. It will 
further present the potential ―pay-back‖ of these technologies to the evaluation of the 
more conventional reservoirs. An understanding of these techniques should 
dramatically improve the effectiveness of any exploration, development or 
exploitation geologist. 
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Keynote Speaker: Important Characteristics of Rocky Mountain Tight Gas 
Accumulations 
 
Stephen P. Cumella, Bill Barrett Corporation,  
 

Sandstones in tight gas accumulations in the Rocky Mountains commonly have 
permeabilities in the single digit microdarcy range and water saturations below 50%.  
If these sandstones had similar permeabilities at the time they were gas charged, 
capillary pressures required to reach these water saturations would have been 
hundreds to thousands of psi.  Buoyancy can create these high capillary pressures, 
but gas columns must be hundreds to thousands of feet to reach these pressures.  
Many Rocky Mountain tight gas accumulations occur in discontinuous fluvial 
sandstone intervals where fluid columns of this magnitude aren‘t possible.  An 
alternative explanation for this problem is that the gas charge occurred before the 
sandstones reached very low permeability when the capillary forces required to reach 
low water saturations were much lower (Shanley et al., 2004).  This explanation 
proposes that gas charge occurs at shallower burial depths and compaction and 
cementation degrade permeability to the microdarcy range with continued burial 
(Figure 1). 
 
Recent studies of the diagenesis of Mesaverde sandstones in the Piceance Basin 
indicate that permeabilities were reduced to near their current microdarcy levels prior 
to or during gas charge (Ozkan, 2010; Stroker, 2009).  Two mechanisms to provide 
the high capillary pressures required to charge the tight sandstones other than 
buoyancy are gas generation from in situ coals or other organic-rich intervals and gas 
migration up major fault and fracture zones from highly pressured organic-rich 
underlying units.  These deeper units are probably also overpressured as a result of 
hydrocarbon generation.  Significant in situ organic content is required to saturate the 
pore space of the sandstones in a tight gas accumulation.  Brown (2005) calculates 
that about 10% TOC is required to saturate 10% porosity.  Some tight gas systems 
such as the southern Piceance have in situ TOC sufficient to charge the sandstones 
within the system.  Such systems have commercial production at high well density 
over large areas of the basin.  Basins like the Piceance or the San Juan either have 
(San Juan) or will have (Piceance) continuous producing areas in most of the deeper 
parts of the basins.   
 
Tight gas systems with low in situ TOC have a much more limited distribution of 
commercial gas production.  Some tight gas accumulations may be conventional 
traps with gas/water contacts that are obscured by the very low relative permeability 
to gas or water (Shanley et al., 2004)  Other tight gas accumulations may be 
controlled not by trap but by proximity to a major fault system that provides a conduit 
for highly pressured gas from deeper formations (Figure 2).  
 
High heat flow may also be critical to creation of pervasive highly gas charged 
accumulations.  The importance of high heat flow is indicated by significant 
differences between the Williams Fork gas accumulation in the north and south parts 
the Piceance Basin.  In the southern Piceance, the gas accumulation has uniformly 
low water saturations, low water production, and a gas-saturated interval that 
gradually thickens into the deeper part of the basin, but the top of the gas interval 
shows little variation locally. In the northern part of the basin, the gas accumulation 
has variable water saturation, higher water production, and the top of the gas-
saturated interval can vary significantly over relatively short distances.  The higher 
heat flow in the southern Piceance may have created a pervasive fracture system 
that allowed all sandstones within the gas-saturated interval to be charged to high 
gas saturations.  In the northern Piceance, gas migration may have occurred 
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primarily along major fracture and fault zones; areas near the fault zones have better 
gas saturations and thicker gas-saturated intervals.  Prolific tight gas accumulations 
in the San Juan Basin and in Wattenberg field in the DJ Basin are other examples in 
which high heat flow may have played a significant role in the creation of the 
accumulation. 
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Figure 1.  Different pathways for microdarcy permeability sandstones to reach current water 
saturations of less than 50%. 
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Figure 2.  In the southern Piceance Basin, a pulse a gas generation resulting from high heat 
flow caused high overpressures that produced a pervasive fracture system.  Gas migrated 
vertically up this fracture system and all the sands within the continuous gas interval were 
highly gas charged.   Additional charge from the deeper Mancos occurred along fault zones, 
resulting in elevated top of gas.  This system was less effective in the northern Piceance 
where the heat flow was lower and the coals are thinner.  Sands intersecting faults receive 
high gas charge, but the other sands receive less gas charge resulting in higher water 
production.  In the Uinta Basin and perhaps other Rocky Mountain basins, in situ organic 
content is low and sourcing from deeper formations is key.  Accumulations tend to occur near 
major fault systems.  Higher maturity below the 0.8% Ro line creates regional seal(s) that 
severely restrict fluid movement. 
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Timing and Stratigraphic Distribution of Natural Fractures in Tight Gas 
Reservoirs in the Piceance Creek Field, Colorado, USA, Based on Fluid 
Inclusion and Fracture Scaling Analyses 
 
P. Eichhubl, A. Fall, J. Hooker, J. S. Davis, S. P. Becker, S. E. Laubach, R. J. Bodnar, 
Bureau of Economic Geology, Jackson School of Geosciences, University of Texas at Austin 
 

High-resolution scanning electron microscope-cathodoluminesence (SEM-CL) 
imaging and fluid inclusion analyses were performed to resolve reservoir-scale 
distribution of natural fractures and the timing and duration of fracture opening in the 
Piceance Creek field, Colorado. Regional and temporal trends in distribution of gas 
and aqueous fluids in the fractures were also investigated. Natural opening-mode 
fractures in the Piceance Creek field are partially or totally cemented. Carbonate is 
the dominant cement type, with quartz more abundant in deeper parts of the 
reservoir. Cement overlap relationships indicate that carbonate cement typically post-
dates quartz and has a high potential to destroy fracture porosity initially preserved 
by bridging quartz cement. 
 
Abundant microfractures, revealed in SEM-CL images, surround each natural 
macrofracture observed in core. The microfractures share cement fill composition 
and kinematics with macrofractures. Size-frequency analysis of microfractures 
suggests that bulk rock composition has a marked effect on fracture distribution; 
depth of burial and mechanical layer thickness are less important. 
 
Crack-seal textures in macrofractures indicate repeated fracture opening and 
cementation episodes. Fracture opening stages are reconstructed using cross-cutting 
and geometric relations associated with crack-seal cement increments observed in 
SEM-CL images. Fluid inclusions in the crack-seal increments track temperature, 
fluid composition, and pressure during fracture opening. Microthermometric analysis 
of the inclusions in synkinematic quartz bridge cements show homogenization 
temperatures of 161°C to 177°C at depths near 12,300‘ and 143°C to 156°C at 
depths near 9,500‘. Final ice melting temperatures correspond to fluid salinities of 2-3 
wt% NaCl equivalent. Correlating the fluid inclusion record with the reconstructed 
crack-seal cement history established a decreasing trend in temperature during 
fracture opening, with no evidence for salinity trends over time.  
 
Coexisting aqueous and hydrocarbon gas inclusions indicate that the 
homogenization temperatures represent true formation temperatures of fracture 
opening, and fracture opening is coeval with gas charge. Based on available burial 
history models the highest homogenization temperatures correspond to maximum 
burial temperatures for these stratigraphic intervals, with fracture opening occurring 
near maximum burial and lasting over time intervals of up to 20 m.y. 
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Contrasts in Fracture Array Intensity, Connectivity and Porosity Associated 
with Faults in Tight Fluvial and Marine Sandstones: Evidence from Outcrop 
Analogs and Core 
 
S. E. Laubach, M. Ellis, P. Hargrove, P. Eichhubl, A. Fall, S. Fomel, The University of Texas 
at Austin, Jackson School of Geosciences, Austin Texas 
 

Small offset faults are present in many tight gas sandstones, where they may 
enhance gas production. Yet such faults have also been blamed for contributing to 
water production and consequently in some plays they may pose a hazard to 
successful stimulation. Owing to their small offset, such faults may be challenging to 
detect using seismic and in part because they are typically widely spaced they are 
rare in core. Studies of outcrop analogs can shed light on the attributes and 
frequency of these structures, but many outcrop fault and fracture array are not good 
analogs for tight gas sandstones. Textural evidence from core shows that diagenetic 
and structural processes interact in many tight gas sandstone faults and fractures. To 
be reliable guides to the subsurface, outcrops are needed having diagenetic 
attributes and fault/fracture cement textures that match those in tight gas sandstones. 
Here we use outcrop analogs of tight gas sandstones from NW Scotland to show that 
for fracture arrays and fault cores associated with small displacement faults 
differences in sandstone composition correlate with marked differences in fracture 
array intensity (overall abundance and size distribution), connectivity and porosity. 
Textural observations and geomechancical and diagenetic modeling suggest that 
these differences stem from how diagenesis interacts with fracture growth in these 
two sandstones. 
 
Cement textures in fractures in Late Proterozoic Applecross Formation and Cambrian 
Eriboll Formation sandstones match those found in cores from producing tight gas 
sandstones (Laubach & Diaz-Tushman, 2009), showing that the youngest fractures 
in these well exposed rocks are useful tight gas sandstone reservoir analogs. Small 
oblique-slip faults that cut outcrops of low-porosity marine and fluvial sandstones 
have associated fracture arrays that vary in spatial arrangement and porosity 
preservation depending on sandstone composition. Steeply dipping faults have 
displacements of ~ 1 m to tens of meters; in the subsurface these faults would likely 
be near or below seismic detection. Faults have narrow cores of breccia surrounded 
by disseminated mostly opening-mode fractures.  
 
Fracture patterns differ in the two sandstones. Older fluvial sandstone has halos of 
long, straight fractures that increase in length and abundance near fault cores. Halos 
are meters to tens of meters wide; halo width is fairly uniform along fault traces. 
Fracture connectivity along and across strike is low. In contrast, younger marine 
sandstones cut by the same faults have more abundant fractures that have a wider 
range of strikes and greater trace connectivity. Simple fracture halos around faults 
are absent; instead, patches a few to tens of meters wide and irregular zones of high 
but fairly uniform fracture intensity are present along or between fault traces. These 
zones are separated by areas of comparable size having very low or no fractures; 
some of these fracture free zones are adjacent to fault traces. Fracture arrays in both 
types of sandstone arise in part from development and evolution of opening mode 
fractures subparallel to fault traces and subsidiary fractures (wing cracks) at a range 
of scales.  
 
Applecross and Eriboll sandstones differ in composition (subarkose vs. 
quartzarenite). These compositional differences correlate with differences in Young‘s 
modulus, subcritical crack index and other rock properties that may account for 
differing fracture patterns (cf. Olson et al, 2009). Sandstone composition also affects 
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the propensity for fractures to seal readily under the influence of the same thermal 
history, owing to the effects of differing grain and cement substrates on the 
nucleation and accumulation of quartz cement (Lander et al., 2008). This effect along 
with differences in fracture sizes also accounts for contrasts in fracture porosity 
preservation and effective (open) fracture length. Although quartzose Eriboll 
sandstones contain more fractures, these are mostly narrower and are more likely to 
be quartz filled compared with those in the lithic and feldspar-rich Applecross, where 
quartz cement growth is impaired by the widespread presence of non-quartz 
substrate (feldspar, clay minerals) on fracture walls. Intrafracture volume (the space 
available within fractures) in the quartzose marine sandstones is locally as high as 4 
percent near faults, but these potentially high fracture porosity zones are mostly 
sealed with quartz. In contrast in the feldspar and matrix rich fluvial sandstone open 
fracture pore space is more common although intrafracture volume is much lower, 
and the along-strike continuity of open fracture pore space is markedly higher. 
 
In contrast to open fractures in halos near faults in lithic and feldspar-rich Applecross 
sandstone, fault cores in these rocks are narrow but persistent clay mineral rich 
gouges having no measurable porosity and, probably, negligible permeability. In 
contrast to extensively sealed fracture arrays in patches near faults in quartz-rich 
Eriboll sandtone, fault cores a wide, discontinuous lenses having substantial and 
locally macroscopically visible porosity and evidence, in the form of staining patterns, 
that fault cores are fluid conduits. Clay gouge in the Applecross is an unsurprising 
result of high feldspar and lithic grain content. Porosity in Eriboll fault breccia is a 
consequence of the large voids generated during faulting of these brittle rocks and 
slow growth of euhedral quartz in such voids (as modeled by Lander et al., 2008 and 
documented in tight gas sandstone core by Becker et al., 2010).  
 
These results suggest that along and within faults in tight gas sandstones, fracture 
permeability and porosity can vary markedly and abruptly with sandstone 
composition. Fracture and fault porosity and effective length distribution also will vary 
with the progress of diagenetic reactions and thus are sensitive to thermal exposure.   
The presentation will include a comparison of these outcropping faults with those 
sampled in cores from tight gas sandstones and preliminary results of new 
geophysical methods to better detect and characterize small faults.   
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Numerical Simulation of Controls on the Distribution of Residual Gas in Tight 
Gas Sandstones 
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Tight gas sandstones are characterized by very low porosity, typically less than 10%. 
The geometry of pore space at this porosity differs from conventional reservoir 
sandstones in some fundamental aspects: the fluid pathways are significantly 
narrower, and some percentage of the fluid pathways are closed and disconnect the 
pore space. This profoundly affects permeability and other macroscale fluid 
properties and is the reason for failure of the conventional porosity-permeability 
relationships. 
 
We estimate final multiphase (gas and water) saturations in low porosity sandstones 
using a novel direct drainage and imbibition numerical simulation  technique. The 
numerical simulation uses a level set method-based progressive quasi-static 
(LSMPQS)  algorithm to track interface movement and position for the multi-phase 
gas-water system. The LSMPQS method is specifically designed for situations where 
the capillarity forces dominate viscosity and gravity and is  robust with respect to the 
pore space geometry in both 2D and 3D simulations.  
 
We start the simulation from a 3D realization of the solid and void space of a well 
studied sandstone sample. We then numerically grow cement to create lower 
porosity models in the range of 6-20%. We use the LSMPQS method to investigate  
the effect of the various cementation  modes on pore space connectivity, residual gas 
saturations, and gas spatial distribution. The simulation results match experimental 
residual saturations closely.  
 
Using the above methodology we simulate the multi-phase drainage and imbibition 
behavior through a typical burial-exhumation cycle during which the parameters that 
control capillary behavior in the subsurface change continuously. These parameters 
include pore and pore throat dimensions (i.e., capillary radius) and interfacial tension 
(IFT, sensitive to changing pressure and temperature). To simulate these changes 
we follow the cementation scheme above and also back-calculate interfacial tension 
(IFT) changes over the geologic time using estimated pressure-temperature paths 
from a 1D burial history model. Our simulation results show that cementation and 
compaction of the pore space have a first order effect, while IFT changes are of 
secondary importance. 
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Characterization and Modeling of Pore-Scale Flow Pathways in Tight Gas 
Sandstone, Piceance Basin, Colorado 
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The Iles and Lower Williams Fork sandstones of the Piceance Basin, Colorado, 
contain some of the largest US natural gas fields in terms of proven reserves. Core 
porosity and permeability values in the producing intervals range from 2-10%, and 
0.01-0.001 mD, respectively. In order to better understand the flow properties of the 
low porosity and permeability producing intervals, image analysis-based 
characterization of a range of samples was performed. Utilizing that knowledge, we 
built and simulated flow in simple dual-porosity pore network models. 
 
Samples from 12,300 feet depth from the Piceance Creek Unit were imaged using 
scanning-electron microscopy (SEM, two-dimensional, pixel length about 0.7 
microns) and micro computed tomography (µCT) scanning (three dimensional, voxel 
length about 2.2 microns) to assess and model pore-scale flow properties of the 
sandstone.  Samples contain about 6% integranular micro-porosity and 18% micro-
porous clay matrix. µCT imaging reveals that intergranular pores do not form 
connected paths by means of conventional pore throats. The imaging does not 
resolve voids within the micro-porous material, but it does provide the spatial 
distribution of  micro-porous regions, which also exhibit limited connectivity at the 
observed length scale. SEM images have better resolution and texture detail and 
show that the connections through which gas must flow between pores are located 
predominantly along thin grain boundaries. Based on the SEM images we observe 
and classify different types of micro-porosity, but the interconnectivity of these types 
can presently be assessed only in 2D.  
 
Guided by these insights, we build a simple network model of pore space in the 
sample. The model that takes into account both measured porosity and 
microporosity. We show preliminary single-phase flow results in such networks. The 
interconnectivity of (micro)porous regions has the first order effect on permeability. At 
the size of the pores that control permeability, gas transport should be modeled as 
slip flow, rather than as continuum flow. This correction makes the value of 
permeability pressure-dependent. We quantify the size of this correction for this 
sample and consider its field implications. 
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Anatomy of an Emerging Resource Play: The Triassic Montney Formation in 
Western Canada 
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The Triassic Montney tight gas play in western Canada has quickly rose to the top 
tier of North American unconventional plays.  It has a play fairway encompassing 
nearly 20,000 Km2 and in some areas gas-in-place reserves are greater than 200 

BCF (5.6x10
9
m

3
) per section (square mile).  It is a gas giant. 

 
Production is primarily from aeolian sourced siltstones deposited and re-transported 
as mass waste and turbiditic deposits in a distal shelf, slope and basinal setting.  
Within the 300 metre thick sequence, discreet reservoir packages have varying 
mineralogic, diagenetic, textural, organic, porosity-permeability, fluid saturation and 
geo-mechanical properties.  The resultant petrophysical response is complex and 
creates uncertainty in the determination of optimal completion zones and techniques. 
 
As with most emerging unconventional plays, climbing the technical ladder in order to 
convert resource to reserves is fraught with challenges. In this review we look at the 
unique geologic setting of the Montney tight gas play. Discussion will focus on the 
interplay of tectonics and paleo-topography with preferred sedimentation fairways.  
The importance of factors such as hydrodynamics, fluid phase and thermal history 
will be highlighted with respect to understanding their role in the early definition of 
optimal development fairways. The right or wrong mix can be the difference between 
making it and breaking it. 
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Mako Trough Basin-Centered Gas Accumulation: Myth or Reality? Investigated 
by a 3D Basin Modelling Study 
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There has been much exploration activity in Hungary in the last years focusing on 
unconventional basin-centered gas accumulations (BCGA) in the Mako Trough. 
According to the basin-centered gas concept (Law 2002), these unconventional gas 
accumulations are regionally pervasive, basin-wide tight sandstones that are gas 
saturated, abnormally pressured and lack a downdip water contact. The first 
concepts of BCGAs in Hungary were published by Spencer et al. 1994 (Bekes Basin) 
and Law 2002 (Mako Trough). In the Mako Trough the target zones were believed to 
be the entire accumulations of Szolnok and Endrod clastic sediments as well as the 
underlying Basal Conglomerate and Synrift Sequence, and perhaps the portions of 
the overlying Algyo Formation. In the recently drilled wells, high background gas 
readings were recorded while drilling the Szolnok, Endrod, Basal Conglomerate and 
underlying Synrift Sequence, indicating active current gas generation. These 
Pannonian formations have been suggested to be the source rocks for the 
surrounding oil and gas fields, like the giant Algyo Field, and the fields on the 
Pusztafoldvar High (Law 2002). 
 
A detailed organic geochemical source rock – oil correlation, investigating if the 
Lower Pannonian Endrod Marl is the effective source rock for the Algyo and other 
fields, has never been carried out. Sajgo (1984) suggested that, based on 
comparison between the biomarkers in the oils in the Algyo Field and the biomarkers 
in the extracted organic matter in the Mako-3 and Hod-1 wells, the majority of the oils 
of the area could not have been sourced from the Pannonian formations. 
 
As a lot of scientific data have been published since the drilling of the Hod-1 and 
Mako-3 wells, it was possible to investigate the area based on published well data 
and regional maps. The main focus was to assess the source rock properties of the 
Pannonian and Middle Miocene formations, calculate the potentially expelled 
volumes of hydrocarbons in the Mako Trough, and compare these with the gas 
needed to fill in all the pore-spaces in the suggested basin-centered gas 
accumulation. 
 
Therefore the petroleum system of the Mako Trough and the Algyo High were 
investigated using 3D basin-modeling techniques in 2009-2010. The study focused 
on the potential source rocks, their maturity, the timing of hydrocarbon generation 
and the expelled volumes of hydrocarbons. 
 
The emphasis of the study was to quantitatively assess the source rock properties of 
the Pannonian formations using the Hod-1 and Mako-3 wells. The older Middle 
Miocene formations, which are undrilled in the two mentioned wells, were also 
studied regionally, based on many wells from other parts of the Pannonian basin, 
from Hungary, Croatia, Serbia and Slovakia. The source rock properties (net source 
rock thickness, richness, kerogen type) of the Endrod Marl and the potential Middle 
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Miocene source rocks were evaluated in order to be able to calculate the potential 
expelled hydrocarbon volumes. 
 
The thermal and maturity evolution of the area was investigated with PetroMod 
software package. A detailed 3-D basin model was built using published depth maps 
as initial input. Regional depth maps for Base Quaternary, Base Upper Pannonian, 
Base Lower Pannonian and Base Tertiary were collected and digitized from several 
sources (Szalay and Koncz 1991, Tari 1994). Detailed depth maps for Top Szolnok, 
Top Endrod and other Pannonian reflectors were based on the published Scotia 
Group report on the Mako Trough resource estimate (2006). 
 
The timing of petroleum generation was studied and the expelled hydrocarbon 
volumes were calculated. As a result it was possible to compare the expelled 
volumes with the proven resources in the conventional accumulations in the Algyo 
and other fields, and the volumes needed to fill the entire Endrod and Szolnok 
formations with gas according to the basin-centered gas accumulation concept. 
 
The results indicate that the Lower Pannonian Endrod Marl is a poor-quality, gas-
prone source rock, with average TOC contents ranging between 0.3 – 0.98 wt.% 
TOC in 26 wells and initial HI of 100 – 200 mg HC / g TOC. There are very few really 
representative well penetrations in the deepest sub-basins (Mako-3, Mako-7, Hod-1), 
and in some of these the measured TOC content is higher, and the values are all 
from dry gas-mature sections. However, the estimated average immature TOC in 
these wells is still only around 1.5 wt.%. 
 
In the combined 2500 km2 drainage area of the assumed BCGA the volume of 
expelled gas is around 500 – 700 billion Sm3. In order to have an effective tight-gas 
or shale-gas play, the expelled gas must fill in most of the available pore-space. In 
contrast, the combined pore-space in the Endrod Marl and Szolnok Formations in the 
same area is in the range of 5000 – 15 000 billion Sm3. As the expelled volume of 
gas is only 3 – 15% of the total combined available pore-space, it is very likely that 
the gas-saturation is in the same range only. Therefore full gas-saturation is very 
unlikely in the assumed BCGA. 
 
The recently published well-test results have confirmed our estimates, as none of the 
wells have flowed commercial rate of gas, and they all had very high influx of water, 
which shows the overall low gas and high water saturation of these sands 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 64  

NOTES 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 65  

An integrated Method to Identify Pervasive Biogenic Gas Trapped in Shallow, 
Low Permeability Sandstones 
 
David W. Hume, Kaush Rakhit, Canadian Discovery Ltd. 300, 706-7

th
 Ave SW, Calgary Ab. 

Canada T2P 0Z1 
 

Pervasive Shallow Biogenic Gas Systems (PSBG) have been exploited in Western 
Canada since the early 1900s.  They now form a substantial unconventional energy 
resource across the Western Plains of North America. Biogenic gas occurs in low 
permeability sandstones, coals, siltstones and shales as both free and adsorbed gas.  
The sandstones and coals are plays that are currently being exploited.  The 
siltstones and shales are a play that is in the initial stages of development.  In spite of 
this long history, these systems are poorly understood, and this resource potential is 
still often bypassed. 
 
The gas is hosted in Cretaceous-Tertiary clastic reservoirs generally occurring at 
depths of less than 1,000m (3,300 ft.).  Those reservoirs are characterized as having 
a broad areal extent and subnormal formation pressures of up to 20% of hydrostatic. 
Subnormally-pressured gas-charged reservoirs often show a transition updip to 
normally-pressured water-wet zones near surface. Downdip flow, which is usually 
observed in the water-wet section, may enhance the trap in some cases.  
 
PSBG is often bypassed due to deep invasion during drilling, relatively high water 
saturation (45-75%) and fresh formation water (<10,000 ppm), which together 
invalidate conventional petrophysical analysis and testing techniques. The key to 
identifying and exploiting the shallow gas resource and extending the play into other 
basins lies in an understanding of the basin evolution required for its occurrence, 
detailed stratigraphic work, recognition of the unique hydrodynamic signature and 
regional petrophysical modeling. 
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Keynote Speaker: Historical Perspective and Future Opportunities for 
Worldwide Coalbed Methane Development 
 

Andrew R. Scott, Altuda Energy Corporation, San Antonio, Texas 
 

Unconventional resources such as coalbed methane will become progressively more 
important worldwide as population continues to grow at an unprecedented rate. 
Coalbed methane, or coal gas, has a unique history as well as an optimistic future 
driven in part by the shift to environmentally-friendly energy sources and the 
development of new technologies.  Coalbed methane and other unconventional 
resources will undoubtedly play an important role in supplying energy needs to 
economically developed and emerging nations worldwide in the foreseeable future. 
 
Understanding the historical perspective of ―traditional‖ unconventional resources 
becomes important in the development of ―emerging‖ unconventional resources.  The 
roots for coalbed methane can be traced back to a mid-1660s English minister, 
Dr. John Clayton of Yorkshire, who performed experiments on heating coal in a 
closed vessel and noted ―a spirit which issued out and caught fire at the flame of a 
candle‖.  Coal mine explosions have been known for centuries, making the gas 
associated with coal mining operations a major concern for miner safety.  The first 
practical use of methane from coal mines began with the Salton Pit of the 
Whitehaven Collieries, located in the western United Kingdom along the Irish Sea.  
The Salton Pit mine started in 1729 as possibly the first and largest undersea coal 
mine in the world and operated until 1847 when coal production ceased.  Despite the 
early failures to recognize coal gas as beneficial rather than simply a mining hazard, 
Scotsman William Murdoch recognized the usefulness of coal gas as an illuminant in 
the late 1700s and is considered by many to be the father of the natural gas industry.  

The first true coalbed methane production is harder to pinpoint, but probably 
occurred in West Virginia, Ohio, Oklahoma, and other locations in the United States 
during the early 1920s and the 1930s.  The first discoveries were serendipitous and 
tapped into water-free coal beds on structural highs.  The first attempt at dewatering 
coal seams to produce methane was performed by Amoco in 1977 at the Cahn Gas 
Com #1 well in the Cedar Hill Field.  The IP for the test wells was only 2.83 Mm3 
(100 Mcfd) with 15.9 m3 of water (100 bbl), but this production soon increased to 
more than 28.31 Mm3 (1,000 Mcfd) by 1979, thereby starting the modern era of 
coalbed methane exploration and development.  The United States, Canada, 
Australia, India, and the Peoples Republic of China have the most extensive coalbed 
methane exploration programs to date. Worldwide annual coalbed methane 
production is expected to reach 96.5 Gm3 (3.4 Tcf) within the next five years, 
equivalent to 264 MMm3 per day (9.3 Gcf per day) from an estimated 75,000 wells. 
 
Accurate determination of international CBM resources is difficult due to a number of 
factors including: (1) limited or no data pertaining to coal resources in many 
countries; (2) variable depth limits set on coal resource assessments among 
countries and researchers; (3) limited or no gas content data in many parts of the 
world; and (4) methods of assessing resources based only upon mineable coal 
seams that ignore deeper coal resources that may contain methane.  Gas-in-place 
calculations that use only the mineable coal resources significantly underestimate the 
true amount of coal present in a basin that can potentially be utilized for coalbed 
methane.  Regardless of the obstacles, a comprehensive evaluation of existing 
international coal and coalbed methane resource data was performed to provide a 
preliminary estimate of international coal and coalbed methane resources.  
 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 68  

Preliminary worldwide coalbed methane resources are estimated to range between 
180.4 and 620.4 Tm3 (6,371 and 21,909 Tcf).  The largest potential resources, which 
also have the largest degree of uncertainty, are in the Former Soviet Union with 
109.9 to 408.3 Tm3 (3,882 to 14,419 Tcf).  For example, the Tunguska coal basin in 
Siberia covers over 1 million km2 (386,000 mi2) with very thick coal seams of high 
thermal maturity, but it remains a frontier basin. Coalbed methane resource 
estimates for the basin range from 53.1 to 260.4 Tm3 (1,840 Tcf to 9,199 Tcf), which 
represents 29 and 42 percent of the estimated worldwide coalbed methane 
resources.  Coalbed methane resources in North America range between 27.3 to 
127.1 Tm3 (964 to 4,487 Tcf).  South America and Europe range from 0.4 to 0.9 Tm3 
(15 to 32 Tcf) and 4.7 to 7.9 Tm3 (166 to 280 Tcf), respectively.  Africa ranges 
between 0.8 to 1.6 Tm3 (27 to 55 Tcf), and the Middle East has no coalbed methane 
resources.  The Asia Pacific region, which includes Australia and The Peoples 
Republic of China, ranges from 37.3 to 74.6 Tm3 (1,317 to 2,636 Tcf).   The rate of 
coalbed methane resource development within individual countries will be highly 
variable due to local economic factors and government energy priorities and policies.  
But efforts to lower carbon dioxide emissions worldwide may accelerate the 
development of coalbed methane and other unconventional resources. 
 
Energy and environmental concerns are often viewed from conflicting perspectives, 
but two emerging technologies may help resolve energy and environmental concerns 
simultaneously.  A number of enhanced coalbed methane (ECBM) pilot projects 
worldwide are evaluating the possibility of sequestering anthropogenic carbon 
dioxide into coal seams.  Carbon dioxide is more strongly sorbed to the microporous 
surface of the coal than methane, so the process displaces and releases methane 
simultaneously with carbon dioxide sequestration.  Pilot projects have demonstrated 
that ECBM can significantly increase coalbed methane production.   
 
Research into a second technology informally called microbially enhanced coalbed 
methane (MECoM) is currently being conducted worldwide. The process utilizes 
naturally-occurring microbial consortia and nutrients to bioconvert sequestered 
carbon dioxide and organic matter in coal beds back into methane. Although this 
technology remains at a relatively early stage of development, the technology has the 
potential to generate billions of cubic meters of methane while simultaneously 
removing anthropogenic carbon dioxide from point sources. 
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Rediscovering the Geology of the South Wales Coalfield for CBM Exploration 
 
J. Lockett

1
, R. Andrews

2
  

 
1
Centrica Energy 

2
RA Geoscience 

 
Following the discovery of North Sea oil and gas in the 1960‘s, coal production in 
South Wales went into steep decline. Significant volumes of un-mined Middle and 
Lower Westphalian Coal Measures remain at depths that are prospective for Coalbed 
Methane (CBM) exploitation.  
 
Identifying CBM prospectivity in an intensely mined basin, such as the South Wales 
Coalfield, requires a detailed spatial understanding of the historic mining activity, in 
addition to the primary geology. Due to the large number of coal seams, the 
structural complexity and extensive subsurface mining throughout the basin, it is 
imperative that all geological data is implemented intelligently in order to delineate 
potential CBM targets. Following the commencement of industrial mining in the mid 
1800‘s, several generations of geologists and mine surveyors diligently recorded the 
geology encountered during their operations. Once combined with surface outcrop 
mapping the resulting understanding of the geology of the Coalfield was documented 
in the form of numerous maps. 
 
Recent advances in 3D modelling capabilities have shed new light on the geology of 
the South Wales by integrating all geological data sets into a regional 3D model. Coal 
extraction data from the Coal Authority, well and shaft sinking records from the BGS 
and surface mapping were incorporated into a Coalfield wide exploration scale model 
from which prospective CBM sites were identified. More accurate site specific 3D 
models were then built, in order to design well configurations for potential CBM pilot 
projects drilling.  
 
The model also provides a basis on which to build coal property models in 3D. Mining 
records have also been integrated into 3D property models to provide an insight into 
the distribution of coal properties which impact CBM prospectivity. The model allows 
for the geological risk and potential gas volumes to be established on a seam by 
seam basis for any prospective area. Large, regional scale structures can be seen in 
3D which will aid in future CBM exploration and potentially act as a tool for identifying 
future coal mining potential.  
 
The availability of modern 3D geological modelling software allows for level of spatial 
integration of data not available during the mining era. In addition to re-discovering 
the mining knowledge the 3D allows for additional insight into the geology of the 
South Wales Coalfield. 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 71  

NOTES 



The Geology of Unconventional Gas Plays 

 

October 2010  Page 72  

Sedimentology and Stratigraphy of an Intra-Cratonic Basin CBM Play: Walloon 
Coal Measures of the Surat Basin, Eastern Australia. 
 
Mike Martin,

 
BG Group, Thames Valley Park, Reading RG6 1PT 

 

BG Group recently (2008) acquired the Queensland Gas Company (QGC) and with it 
significant coal bed methane (CBM) interests in the Surat Basin, eastern Australia.  
Gas is found in the coals of the Middle Jurassic (Callovian) Walloons Coal Measures 
(lower part of the Injure Creek Group).  The series is divided into the Juandah Coal 
Measures (upper), Tangalooma Sandstone and Taroom Coal Measures (lower). The 
upper and lower units are locally further subdivided (Figure 1).  These economically 
important coals were deposited in an alluvial plain setting within an interior basin, 
which has no recorded contemporaneous marine influence.  The coals are typically 
bituminous, perhydrous and low rank with a high volatile content.  Despite individual 
ply thicknesses typically less than a metre, series of plies or seams of coals up to 10 
m thick can be tentatively correlated across the entire play area (over 150km).   
 
An in-house integrated biostratigraphy, chemostratigraphy and sedimentology study 
has been carried out.  The facies and depositional setting of the Walloons are 
described, together with preliminary findings of the stratigraphic studies (which test 
the regional extent of the finer stratigraphic subdivisions).  Of key interest are the 
inter-relationships and connectivity of the facies in the context of building large scale 
geo-models for volumetric and reserve calculations and well planning. 
 
Over 500 wells have been drilled in the QGC tenements (acreage), of these 45 have 
been extensively cored.  The facies model presented and associated analogues are 
based solely on detailed sedimentological analysis of 3 wells; Well-A (in the north of 
the basin), Well-B (in the centre of the basin) and Well-C (in the south of the basin).  
These penetrate the whole of the Walloon Coal Measures. 
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Figure 1.  Stratigraphy of the Walloons Coal Measures, Surat Basin 
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Keynote Speaker: Geophysical Exploration for Gas Hydrate: Detection and 
Quantification 
 

Graham Westbrook, University of Birmingham, School of Geography, Earth & Environmental 
Sciences 
 

Gas hydrate is a solid, in which water molecules form cages enclosing molecules of 
gas. Methane hydrate is the most common and is stable under conditions of low 
temperature and high pressure such as those found on land in regions of permafrost 
or under the ocean in water deeper than 300-600 metres, depending on the water 
temperature. The concentration of methane in the ocean is usually far too low for 
hydrate to form, but in the sediment and rocks beneath the seabed, methane 
concentration can be high enough to form hydrate. The thickness of the gas hydrate 
stability zone (GHSZ), in which hydrate can form and exist stably, is limited by the 
increase of temperature with depth within the Earth. Methane from deeper 
hydrocarbon reservoirs or generated by bacteria from the organic material in the 
sediment migrates upward, as free gas or in solution in water, into the GHSZ, where 
it forms hydrate. The amount of carbon in hydrate beneath the seabed is probably 
equal to the carbon in all other sources of natural gas and petroleum in the Earth. 
 
The most easily detected indirect indicator of the presence of hydrate is the so-called 
bottom-simulating seismic reflector (BSR), which is caused by the impedance 
contrast at the base of the GHSZ between sediment containing free gas below the 
base and sediment containing no free gas and possibly hydrate above it. The BSR, 
which has negative polarity, broadly mimics the shape of the seabed, because the 
seabed is nearly isothermal in comparison with the increase in temperature with 
depth beneath the seabed, controlling the shape of the isotherms beneath it and 
hence the temperature-dependent shape of the base of the GHSZ. BSRs are 
widespread in convergent continental margins, in areas with submarine fans and 
deltas and areas underlain by hydrocarbon reservoirs. The presence of a BSR, 
however, does not normally provide information on the amount or distribution of 
hydrate in the GHSZ. Seismic ‗blanking‘ is often cited as an indicator of the presence 
of hydrate, but the term covers several phenomena, including reduction in the 
amplitude of otherwise well-defined reflectors and zones of low coherence that 
typically cross strata. Although these could be caused by hydrate, by reducing the 
impedance contrasts between layers in the case of the former, they are not 
unambiguously associated with hydrate. 
 
The detection and quantification of hydrate in sediment depends upon the recognition 
of an anomalous geophysical response and the transformation of the amplitude of 
the anomaly into the amount of hydrate present, which requires knowledge of the 
response without hydrate present (background or reference value), a model for how 
hydrate changes the properties of the sediment and the calibration of that model. To 
date, the most commonly used property for estimating hydrate concentration in 
sediment has been seismic P-wave velocity. The techniques used to derive seismic 
velocity from multichannel seismic data range from interval velocities obtained from 
stacking velocity analysis, through migration velocity analysis, to waveform inversion. 
Seismic investigations targeted on hydrate have included both 2D and 3D 
tomography, some of them employing ocean-bottom seismometers or ocean-bottom 
seismic cables to provide S-wave data, and have inverted the data for seismic quality 
factor as well as velocity. 
 
Models for the effect of hydrate upon the P-wave velocity of sediment that is its host 
involve, singly or in combination, assumptions that hydrate grows within pores, 
cements grains together or forms a connected framework within the sediment. 
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Hydrate may also be fracture filling. The measurement of other properties, S-wave 
velocity and quality factors for P and S waves, should reduce ambiguity in estimating 
hydrate from seismic response, if these properties respond differently to changes in 
hydrate content. For example, hydrate in pores that does not affect the sediment 
stiffness increases P-wave velocity but not S-wave velocity. The benefit of this 
approach is, at present, limited by the comparatively small amount of measurements 
of more than P-wave velocity, and uncertainty over the relationships between the 
properties and hydrate content and the mechanisms involved. In the quite small 
number of studies undertaken to date, quality factor appears to increase with 
increasing hydrate content in the frequency range typical of seismic surveys, but 
decreases with increase in hydrate over the frequency range typical of those used by 
borehole logging tools. The fundamental issue of the background or reference values 
for seismic properties poses significant problems, especially when the hydrate 
content is low. One requires the value of a seismic property of the target unit when 
hydrate is absent, but this is not easy to obtain, except where data from boreholes 
with a combination of logging measurements and sampling can be used to establish 
the presence or absence of hydrate. 
 
The increase in electrical resistivity of sediment caused by the replacement of pore 
water by hydrate provides the basis for another means of remote detection and 
quantification, using controlled-source electromagnetic (CSEM) techniques. With 
these techniques, a signal emitted by a horizontal electrical dipole transmitter at or 
close to the seafloor is received by several horizontal electrical dipole receivers at the 
seafloor. Proximity to the seafloor is necessary for the electrical field beneath the 
seafloor to be sufficiently well detected. For some systems, the receivers are 
stationary and the transmitter is towed past them. In others, the transmitter and 
receivers are part of an array with fixed geometry that is towed along the seafloor, 
stopping while the measurements are made. The effective penetration of these 
systems is up to a few hundred metres beneath the seafloor. The inversion of the 
data to retrieve the sub-seafloor variation in resistivity has, to date, employed 1D or 
2D models. The combination of results from seismic methods with those from CSEM 
is potentially powerful, because the sensitivities of the two groups of techniques to 
hydrate concentration share few common factors except porosity, and can 
discriminate, for example, between fracture-filling hydrate in muds and pore-filling 
hydrate in silts and sands. 
 
As in exploration for conventional oil and gas, characterisation of the geological units 
and their petrophysical properties is essential to evaluation of the resource potential 
of hydrate. The dependence of geophysical responses to the lithology of host 
sediment as well as to its hydrate content requires the lithostratigraphy of a sediment 
sequence in which hydrate occurs to be well defined to achieve an evaluation of the 
hydrate content of the sequence. At present, geophysical methods provide essential 
indicators of the presence of hydrate, but are too prone to factors other than hydrate 
content to provide very reliable estimates of the quantities of hydrate present, without 
local calibration from boreholes that have been intensively logged and sampled. 
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Keynote Speaker: Petroleum Systems Based Gas Hydrate Prospecting in the 
Gulf of Mexico 
 
Timothy S. Collett, U.S. Geological Survey, MS-939, Denver Federal Center, Box 25046, 
Denver, Colorado, 20225, USA 

 
In the 1960s Russian scientists made what was then a bold assertion that gas 
hydrates should occur in abundance in nature.  Since this early start, the scientific 
foundation has been built for the realization that gas hydrates are a global 
phenomenon, occurring in permafrost regions of the arctic and in deep water portions 
of most continental margins worldwide.  In 1995, the U.S. Geological Survey (USGS) 
made the first systematic assessment of the in-place natural gas hydrate resources 
of the United States.  That study suggested that the amount of gas in the gas hydrate 
accumulations probably exceeds the volume of known conventional gas resources.  
Researchers have long speculated that gas hydrates could eventually become a 
producible energy resource, yet technical and economic hurdles have historically 
made gas hydrate development a distant goal.  This view began to change in recent 
years with the realization that this unconventional resource could be developed with 
existing conventional oil and gas production technology. 
 
Significant progress has been made in addressing key issues on the formation, 
occurrence, and stability of gas hydrate in nature.  The concept of a gas hydrate 
petroleum system, similar to the concept that guides conventional oil and gas 
exploration, is gaining acceptance and is being used to guide gas hydrate exploration 
efforts.  In a gas hydrate petroleum system, the individual factors that contribute to 
the formation of gas hydrate can be identified and assessed; the most important 
include (1) gas hydrate pressure-temperature stability conditions, (2) gas source, (3) 
gas migration, and (4) suitable host sediment or ―reservoir‖.  For example, gas 
hydrates exist under a limited range of temperature and pressure conditions such 
that the depth and thickness of the zone of potential gas hydrate stability can be 
calculated given information on temperature and pressure gradients, and gas and 
formation water chemistry.  It has also been shown that the availability of large 
quantities of hydrocarbon gas from both microbial and thermogenic sources are an 
important factor controlling the formation and distribution of natural gas hydrates.  
Carbon isotope analyses indicate that the methane in many oceanic hydrates is 
derived from microbial sources; however, thermal sources have been observed 
within several hydrate occurrences in the Gulf of Mexico, Caspian Sea, Black Sea 
and onshore in the Mackenzie Delta and northern Alaska.  As discussed, highly 
concentrated gas hydrate accumulation contains a substantial volume of gas. 
Typically, not enough microbial methane is generated internally within the gas-
hydrate stability zone alone to account for the gas content of most gas hydrate 
accumulations.  In addition, most gas hydrate accumulations are in sediments that 
have not been deeply buried or subjected to temperatures high enough to form 
thermogenic gas.  Thus, the gas within most hydrate accumulations is likely 
concentrated in the hydrate stability zone by a potential combination of processes ― 
one of which, gas migration, would appear to be a critical component within most gas 
hydrate petroleum systems.  The study of gas-hydrate samples indicates that the 
physical nature of in-situ gas hydrates is highly variable.  Gas hydrates are observed 
(1) occupying pores of coarse-grained sediment; (2) nodules disseminated within 
fine-grained sediment; (3) a solid substance, filling fractures; or (4) a massive unit 
composed mainly of solid gas hydrate with minor amounts of sediment.  Most gas 
hydrate field expeditions, however, have shown that the occurrence of concentrated 
gas hydrate is mostly controlled by the presence of fractures and/or coarser grained 
sediments in which gas hydrate fills fractures or is disseminated in the pores of sand-
rich reservoirs.  Production testing and modeling has shown that concentrated gas 
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hydrate occurrences in sand reservoirs are conducive to existing well-based 
production technologies.  For both arctic and marine hydrate-bearing sand reservoirs, 
there are no apparent technical roadblocks to resource extraction; the remaining 
resource issues deal mostly with the economics of hydrate extraction. 
 
On May 6, 2009, a joint industry lead project (JIP) under the direction of Chevron, 
with contributions from the U.S. Department of Energy (DOE), Mineral Management 
Service (MMS), and the USGS, completed the first-ever drilling project with the 
expressed goal to collect geologic data on gas-hydrate-bearing sand reservoirs in the 
Gulf of Mexico.  This was an important goal because other resource assessment 
studies in northern Alaska by the USGS and offshore Japan, have shown that gas 
hydrates in conventional sand reservoirs are likely the closest to potential 
commercialization.  In 2005, the Gulf of Mexico Gas Hydrate JIP Leg I conducted 
drilling, coring, and downhole logging operations designed primarily to assess gas 
hydrate-related hazards associated with drilling through the clay-dominated 
sediments that typify the shallow sub-seafloor in the deepwater Gulf of Mexico.  Upon 
analysis of Leg I results, the JIP membership decided to expand its effort to assess 
issues related to the occurrence of gas hydrate within coarser-grained sediments.  
The 2009 drilling project, named the Gulf of Mexico Gas Hydrate Joint Industry 
Project Leg II (GOM JIP Leg II), featured the collection of a comprehensive set of 
logging-while-drilling (LWD) data through expected gas-hydrate-bearing sand 
reservoirs in seven wells at three locations in the Gulf of Mexico.  The semi-
submersible drilling vessel Helix Q4000 was mobilized at sea in the Gulf of Mexico 
and drilling was conducted in the Walker Ridge, Green Canyon and the Alaminos 
Canyon blocks.  The LWD sensors just above the drill bit provided important new 
information on the nature of the sediments and the occurrence of gas hydrate.  The 
full research-level LWD data set on formation lithology, electrical resistivity, acoustic 
velocity, and sediment porosity enabled the greatly improved evaluation of gas 
hydrate in both sand and fracture dominated reservoirs. 
 
The two holes drilled at Walker Ridge yielded evidence of a laterally continuous thick 
fracture-filling gas hydrate section, but more importantly both wells also encountered 
sand reservoirs, between 40- to 50-ft-thick, nearly saturated with gas hydrate.  Gas-
hydrate-bearing sands were also drilled in two of the Green Canyon wells, with one 
occurrence slightly more than 100-ft-thick.  Initial interpretation of the Alaminos 
Canyon drilling results is that the sands appear to exhibit uniformly low gas hydrate 
saturation over a large area.  Nevertheless, the discovery of thick hydrate-bearing 
sands at Walker Ridge and Green Canyon validates the integrated petroleum system 
approach used in the pre-drill site selection process in order to predict hydrate 
accumulations before drilling, and provides increased confidence in assessment of 
gas hydrate volumes in the Gulf of Mexico and other marine sedimentary basins.  
The presence of significant gas hydrate accumulations as both pore-filling sands and 
fracture-filling material in shallow muds, make both Walker Ridge and Green Canyon 
likely locations for future research into energy targets of gas hydrates in marine 
environments. While the primary goal of this JIP is to better understand the safety 
issues related to gas hydrates, the results of the program will also allow a better 
assessment of the commercial potential of marine gas hydrates. 
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Hydrate Petroleum System Approach to Hydrate Natural Gas Exploration and 
Extraction 
 
Michael D. Max, Arthur H. Johnson, Hydrate Energy International (HEI), 612 Petit Berdot 
Drive, Kenner, LA 70065-1126,  
 

Natural gas hydrate is a diagenetic crystalline mineral composed of water and one or 
more hydrocarbon gases (principally biogenic methane).  Potential economic 
deposits of hydrate are formed in the porosity of continental slope and permafrost 
sediments.  The global volume of gas hydrate is not known with precision, but is 
estimated to be in the tens of thousands of Tcf.  Higher grade concentrations, which 
are controlled by geology, may constitute near-term economic gas plays.  These high 
grade hydrate concentrations appear to have crystallized from active pore waters 
emanating from below the gas hydrate stability zone (GHSZ).  Concentrations can 
develop at any level in the GHSZ.  The porous zones or strata containing hydrate 
concentrations constitute the trap and reservoir.  Formation of hydrate is dependent 
on physical chemical parameters, not a geological trap.  The hydrate petroleum 
analysis will closely resemble that of conventional exploration in that subjacent 
source beds need to be confirmed, along with hydrogeological analysis to identify 
beds having greatest likelihood of carrying the largest volumes of dissolved natural 
gas into porous, permeable reservoir where crystallization may occur.  The reservoir 
itself may become the hydrate trap.  The principal recovery method or a combination 
of methods may vary from location to location, as geological conditions may vary. 
Conversion of hydrate to natural gas may be accomplished through thermal 
stimulation, depressurization, inhibitor stimulation, dissolution, in-situ gas exchange, 
or physical intervention.  The cost of hydrate exploration and recovery could be less 
than conventional hydrocarbons because drilling targets and conditions are likely to 
be similar worldwide and no more than 1 km beneath the seafloor and recovery 
system temperatures will be relatively low. 
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Integrated geological, geochemical, and geophysical exploration since 2004 has 
identified massive accumulation of gas hydrate associated with active methane 
seeps on the Umitaka spur, located in the Joetsu basin, eastern margin of Japan 
Sea. Umitaka Spur is an asymmetric anticline formed along an incipient subduction 
that extends throughout the western side of the Japanese island-arc system. Seismic 
surveys recognized chimney structures that seem strongly controlled by a complex 
anticlinal axial fault system, and exhibit high seismic amplitudes with apparent pull-up 
structures, probably due to massive and dense accumulation of gas hydrate above. 
BSR‘s are widely developed, in particular, within gas chimneys and in the gently 
dipping eastern wing of the anticline, where debris-flows can store gas hydrates, 
depending on permo-porosities conditions. The axial fault system, the shape of the 
anticline, and the carrier-beds induce gas migration to the top of the structure, 
providing strong seepages and giant plumes in the sea water column. Thermogenic 
methane forms massive gas hydrate buildup within the shallow part of gas chimney 
structures, perhaps a potential natural gas resource in the future.  
 
1. Introduction  
This work aims to provide an overview about the tectono-sedimentary characteristics 
of the Umitaka spur, and to recognize the influence of these settings on the gas 
hydrate occurrence and distribution based on 2D single channel seismic sections.  
 
2. Methods  
The single channel seismic (SCS) survey covered an area of 77 km2 of the 
asymmetric anticline and surrounding areas. Strike and semi-strike sections of 
around 15 km long each one runs parallel to the anticline axis of the spur and it was 
executed to observe the axial structure of the spur. Also the strike lines have the 
intention to establish relationships between gas chimney structures, seep site 
mounds and depressions (pockmarks). A total of 25 Dip sections approximately 7 km 
long each one were taken crossing the spur from west to east. They were obtained at 
an average interval of 0.4 km to study the structure and stratigraphy of the Umitaka 
Spur, and to identify gas hydrate and free-gas accumulations.  
 
3. Main Results and Discussion  
Gas chimneys were identified in the axial part of the Umitaka Spur, and appear to be 
narrow but this is caused by the vertical exaggeration of the seismic sections. In fact 
they are 500 to 700 m-wide, located preferentially under seafloor mounds and 
pockmarks. A 10-20 m thick high amplitude bright spot-like reflector appears along 
the axial part of the anticline and it is the most affected by ―pull-up‖ structures. This 
reflector is located above the base of GHSZ and the inverse polarity indicates that 
the velocity is higher inside the bright spot-like event than in the reflectors below, 
where enhanced reflectors occur. Some channels-like features appear associated 
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with the pull-up structure, and can be an indicator of possible gas hydrate reservoirs. 
The main indicator of the BSR is the enhanced reflectors below BSR, caused by the 
seismic velocity contrast between gas hydrate-rich above and free gas-rich layers 
below. The combination of faults, carrier beds, depositional surfaces, gas source 
location, and the geometry of the Umitaka Spur anticline induce gas migration to the 
top of the structure, and also provide gas to the BGHSZ. Such gas concentration 
induces low velocities below BSR causing strong contrast between this zone and the 
gas hydrate-enriched zone above, characterized by the enhanced reflectors 
observed below. The tectono-stratigraphic features apparently control gas hydrate 
formation, gas chimneys, and seeps (Fig. 1).  
 
4. Summary  
Shifts in reflectors of the Haizume formation indicate that tectonism is active during 
the Quaternary, and connect deep reservoirs to the gas hydrate stability zone and to 
the seafloor. Debris-flows are common throughout the Quaternary sediments in the 
GHSZ, and may represent potential gas hydrate reservoirs. Umitaka Spur is an 
asymmetric N-S anticline with a complex axial fault system. The center of the spur is 
the region most fractured because of the dome-like shape caused by the E-W 
regional compressional field. The combination of faults, anticline shape and carrier 
beds induce the gas migration to occur in the central part of the spur. The axial fault 
system turns the seal and trap not efficient, and high amounts of methane are 
delivered to the gas hydrate stability zone, generating gas hydrate. The excess of 
gas flux from both deep reservoirs and gas hydrate dissociation induce the formation 
of methane plumes in the seawater. Enhanced reflectors below BSR indicate gas 
accumulation, and may represent potential unconventional free-gas reservoirs in 
debris-flows, depending on permo-porosity conditions of that debris.  
 

 
 
Figure 1: Model for gas hydrate occurrence and main features of the Umitaka Spur petroleum 
system.  
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Quantitative analysis of electrical resistivity measurements in boreholes forms the 
basis of petrophysical analysis in conventional hydrocarbon reservoirs, especially 
estima ting the quantity of reserves. Additionally, d ownhole electrical images are 
used to assess the nature, variability and distribu tion of subsurface formations. T 
hese images can describe and delineate sedimentary features, provide input into 
depositional models, describe and quantify fracture occurrence and orientation, 
provide indications of local variability and heterogeneity (porosity and permeability 
variations) as well as calibration to core. In parallel, detailed laboratory studies of 
electrical properties provide improved understanding of petrophysical properties at 
the pore scale. 
 
Coal remains a major provider of energy worldwide with resurgence in interest of 
both conventional coal as well as coal bed methane. Coal bed methane, often 
referred to as CBM, is distinct from a conventional gas reservoir as the methane is 
stored within the coal by a process called adsorption. Coals have moderate intrinsic 
porosity, but th ey can store as mu ch as six times more gas than a conventional 
sandstone or carbonate reservoir at a similar pressure. The open fractures in the coal 
(cleats) can also contain free gas or can be saturated with water. Not all coal seams 
contain methane. Permeability of a coal bed is usually due to fractures, with the 
permeability of the coal matrix negligible. Fractures within coal are often anisotropic. 
 
The unique characteristics of coal bed reservoirs demand novel approaches. 
Advanced technologies and indu stry experience applied worldwide are having a 
positive impact on coal bed methane development. We review the petrophysics of 
coal and particularly coal bed methane with the intention of gaining a better 
understanding of deeper - measuring resistivity logs, coal bulk properties and 
methane producibility 
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The Geology behind the Success; CSG in the Bowen-Surat Basin, Australia 
 
Lucy Bishop, IHS 

 
With over 120 discoveries, the Bowen-Surat Basin in Eastern Australia is one of the 
most prolific Coal Seam Gas areas in the world.  3P reserves could be up to 100 Tcf 
or higher.  The advent of the CSG industry in Queensland came at a time when many 
conventional gas fields were falling into decline.  In order to fill the shortfall and fulfil a 
growing consumer market, unconventional gas sources were targeted.  As a result, 
gas from coal in the Bowen-Surat Basin now supplies 80 % of the demand for gas in 
Queensland. 
 
The unique geological characteristics of the basin have affected the location, size 
and quality of the gas discovered, as well as the exploration and development 
economics.  The larger Bowen-Surat area consists of the Permo-Carboniferous to 
Triassic aged Bowen Basin in the north which is overlain by the younger Jurassic-
Cretaceous Surat Basin in southern Queensland.  The whole basin is divided into a 
series of structural elements consisting of northeast trending half-grabens, ridges and 
fault systems, as well as anticlines and plunging noses.  These features help 
delineate the extent of the plays and their sweetspots.  In particular, anticline hinge 
zones and plunging noses are favourable targets for exploration as there is likely to 
be a local tensile stress regime acting on the coal seams, increasing natural 
fracturing and permeability. 
 
Early exploration was in the north and northeast of the basin, targeting the Bowen 
Basin‘s Permian coal seams.  These account for around 70 % of all the coal resource 
in Queensland, are widely distributed and widely differ in quality.  They are, however, 
similarly characterised by low volatile and low sulphur content.  Deeply buried, they 
fall within the bituminous coal range and as a result have a high heat value.   
 
Recently, exploration has focussed on the younger Jurassic coals of the Surat Basin.  
The Walloon Subgroup is well developed across the eastern Surat Basin, with 
particular success achieved at a sweet spot to the east of the Burunga-Leichardt 
thrust fault.  Fields here are located on the plunging nose of a major anticline, the 
Undulla Nose.  The coal here is well cleated and has good permeability as a result.  
The coal has a higher rank and lower moisture content than would be expected for 
the depth, suggesting that they were buried more deeply during the maturation of the 
coal and brought to shallower depths by compression since deposition. 
 
Many more discoveries have been made and developed in the last decade from 
Jurassic coal than from Permian.  Factors for this include shallower burial depths and 
lower reservoir pressures, less structural deformation also means that fewer wells 
are required to characterise reservoir properties and the development of 
infrastructure.  Both coal targets hold much future potential to supply the growing 
LNG projects in Queensland. 
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The Holocene sediments of the Joetsu Basin are characterized by high TOC content, 

low TOC/TN and TS/TOC ratios, and heavier 13Corg values (Fig.1), which indicate a 
predominance of marine organic matter deposited under oxic conditions at the 
seafloor, probably due to warming and inflow of warm sea and coastal currents along 
the East China Sea. These currents carried abundant phytoplankton from the Pacific 
Ocean as a result of the sea level rise which occurred during the Holocene. On the 
other hand, the LGM sediments are characterized by low TOC content, high TOC/TN 

and TS/TOC ratios, and lighter 13Corg signatures (Fig. 1), which are characteristic of 
terrestrial organic matter deposited under anoxic/sub-oxic seafloor conditions, 
probably due to seaward migration of shorelines and strong input of freshwater with 
terrestrial materials. This terrestrial influence decreased gradually from the LGM to 
the Holocene because of the sea level rise and consequent increase in the marine 
organic matter content. At seep sites however, shallow sediments from depths 
equivalents to those of the surrounding background Holocene sediments are strongly 

depleted in 13Corg values, followed by high TOC/TN and TS/TOC ratios (Fig. 1). 
Sulfate-methane transition promotes the anaerobic oxidation of methane and the 
consequent precipitation of carbonates and sulfides, which can explain the elevated 
TS/TOC ratio observed near seafloor sediments. Moreover it cannot explain the 

anomalous depleted values of 13Corg and the high TOC/TN ratio signature, in an 
opposite trend of the neighboring Holocene sediments. One possibility is proposed in 
this study, and can potentially explain such properties at methane seep sites of 
Joetsu Basin: the ascension of sediments from deeper horizons like mud volcanoes, 
followed by the erosion of the top of mound-seep sites and the consequent 
appearance of older and deeper LGM sediments on the seafloor.  
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Shale Gas resources are recognised as significant exploration targets because 
mudstone successions that are enriched in organic matter (>1% TOC) are common 
in the sub-surface. In the US, Carboniferous shale gas plays, such as the Barnett 
Shale, Texas, are the focus of significant economic activity but exploration in the UK 
is its earliest phases, despite a number of prospective intervals in Carboniferous 
successions. Effectively exploiting potential shale gas plays is a significant 
exploration and production challenge that will be compromised without an improved 
understanding of the heterogeneity at an appropriately detailed scale and using a 
multidisciplinary approach. Analyses of Kinderscoutian-Marsdenian (Carboniferous) 
siliciclastic mudstone successions address questions relating to the variability of 
mudstone character (lithofacies), the range of processes delivering sediments to the 
basin, and how lithofacies variations, and hence depositional processes change 
temporally and spatially. 
 
Deposition in a distal shelf setting, some distance from the main sediment supply, is 
examined at a location in North Staffordshire (Oakamoor). A detailed analysis, using 
field observations and sampling followed by optical, electron optical and whole rock 
geochemical methods, revealed twelve different lithofacies present in three 3 m 
logged sections. Facies, such as the homogeneous clay-rich mudstones, were 
deposited from suspension. Some bioclast-bearing clay rich mudstones are 
interpreted as debris flow deposits. Thin-bedded (<3 mm beds) silt-bearing clay-rich 
mudstones represent deposition from density currents that transported sand- and silt-
sized quartz, carbonate lithic clasts and terrestrial plant debris. Three of these facies 
have higher total organic carbon (TOC) relative to the overall abundances in the 
section: a carbonate-rich mudstone with abundant marine fauna (4.5-5% TOC); some 
intervals of the mm-scale lenticular clay-rich mudstone facies (2-6% TOC) and; the 
bedded, silt- and sand-bearing mudstone (2.9-8.5% TOC).  
 
Measuring multiple sections through one exposure documents the local lateral 
(spatial) and vertical (temporal) changes. In this North Staffordshire location, 
packages of similar lithofacies, 10-80 cm in thickness, are present but some 
packages may not extend to adjacent sections that are located only 10-15 m apart. 
However, one 25 cm interval comprising the mm-scale bedded mudstones can be 
traced across the exposures over a lateral distance of 45 m. Stacking of these 
lithofacies packages can define thicker, 100-150 cm coarsening upward packages.  
 
Regional variability is tested by comparing stratigraphically equivalent sections 
deposited in different depositional settings. In a location in Yorkshire, tens of 
kilometers north of Staffordshire, mudstones were deposited closer to the supply of 
siliciclastic sediment and therefore mudstones have a higher proportion of silt-sized 
quartz and feldspar. There are lithofacies that are common to both this proximal and 
the distal location (the lenticular clay-rich and the homogenous clay-rich mudstones 
with agglutinated forams). Similar lithofacies stack into metre-scale packages. High 
TOC (2.9-6.3%) abundances are primarily associated with the clay-rich lenticular 
mudstone facies. Silt-bearing clay-rich mudstones, typically organised into thin 
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upward-fining beds (<3 mm) and with TOC contents of 1.8-2.4%, form about 30% of 
the proximal mudstone succession in contrast to 8% in the more distal location.  
 
Changes in the dominance of lithofacies in the proximal and distal areas of the basin 
clearly result from the relative importance of different physical advective sediment 
transport processes delivering and dispersing sediment. Overall, higher TOC is 
encountered in the more distal locations, however the mm-scale lenticular clay-rich 
mudstones have similar TOC abundances in the two settings. Mudstones deposited 
by density currents in the distal setting are associated with higher TOC than those 
from the proximal setting. This may reflect either lower oxygen conditions in this 
distal location that enhanced the preservation of organic matter delivered to the 
sediment bed by currents and from water column productivity or that sediment 
accumulation rates were optimal for the organic matter preservation. Ongoing 
research is investigating the reasons for these spatial and temporal changes and the 
significance of variations observed for the distribution and preservation of organic 
matter. 
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Fissile mudstones (‗shales‘) contain gas, as well as being hydrocarbon seals, and 
can yield three to four times as much gas as conventional reservoirs. Exploiting shale 
gas is a significant challenge because the distribution and character of mudstones 
are not so well known as conventional gas reservoirs. In particular the primary 
ecological and depositional controls on types of organic carbon and total amounts of 
organic carbon (TOC) have not been assessed but are important because they 
control how much gas can be generated and the quality of gas.  
 
Thick Carboniferous mudstones in northern England and Scotland are within the gas 
window. Namurian, apparently monotonous fissile mudstones typically have TOC 
contents of between 1 and 13%. The organic material occurs within sediments as 
particles less than 500 microns in diameter and is from two sources: terrestrial plants 
and phytoplanktonic and other algae. The terrestrial material is washed in by fluvial 
runoff and occurs in both continental and marine deposits. The phytoplanktonic and 
other algae appear primarily to be associated with marine intervals. Complex 
palaeoecological and sedimentological processes, combined with cyclical sea level 
variations, contribute to the type and distribution of organic matter preserved within 
the mudstones.   
 
Using a multidisciplinary approach, combining palynology, sedimentology and stable 
isotope analyses, this research tests the hypothesis that the distribution, type and 
concentration of organic matter in mudstones relates to changes in biological 
productivity and palaeoenvironment. The results will determine the temporal and 
spatial processes that lead to organic carbon enrichment in specific depositional 
environments. 
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Heterogeneous sandstone or ‗shaly sandstone‘ reservoirs have recently become the 
subject of increased focus in hydrocarbon exploration. Typically techniques such as 
AVO analysis and seismic inversion are used to map the extent of such fields, with 
petroacoustic models (a combination of petrophysical and rock physics models) 
required to translate between seismic and rock properties. It is therefore crucial to 
obtain well-constrained petroacoustic models for successful detection, mapping, and 
forward modelling of such subtle reservoirs; however there is currently no coherent 
strategy for constructing such models due to a number of complicating factors. 
 
The petrophysical interpretation of heterogeneous sandstone reservoirs is 
complicated by the unusual and often unpredictable effects of clay minerals and clay-
sized particles on geophysical properties, such as electrical resistivity and acoustic 
velocity (travel time), which can result in significant underestimation of hydrocarbon 
volumes. 
 
Well established relationships between geophysical and reservoir properties (density, 
porosity, saturation, permeability) for ‗clean‘ sandstone reservoirs often yield 
unsatisfactory results when applied to ‗shaly sandstone‘ reservoirs. The current 
approach to this problem categorises clay distribution using techniques based more 
on the classic paper of Thomas and Stieber (1975) than current understanding of 
‗shaly sand‘ sedimentology. Therefore our poor understanding of ‗shale‘ distribution 
within reservoirs, as well as the poor linkage between petrophysical and detailed 
sedimentological analyses compounds these issues. There exists a wide variety of 
acoustic models, however, comparatively few attempt to link the different rock 
textures to frame and elastic properties and questions persist about how best to 
calculate the bulk and shear moduli of the mixtures. There are also uncertainties 
regarding the introduction of fluids to sand/clay mixtures, which is typically done 
using Gassmann‘s (1951) relations; however the nature of heterogeneous sands 
violates a number of assumptions inherent in Gassmann‘s model particularly with 
regards to the rock being monomineralic with the total pore space in communication 
(Wang and Nur 1992). 
 
We investigate existing petroacoustic models for heterogeneous sands using existing 
data (core and downhole logs) and propose alternative models and strategies for 
predicting acoustic properties. The underlying hypothesis is that accurate prediction 
of velocity and density from acoustic models depends on the detailed distribution and 
nature of clay/silt particles and clay minerals in heterogeneous shaly sand 
formations. 
 
This research has important repercussions for both exploration and production 
scenarios. The potential benefits of this research is that improved understanding of 
the distribution and characteristics of fine grained particles and minerals in shaly 
sandstones may yield improved insight into the main factors affecting acoustic 
propagation. This in turn will provide better models describing these important 
reservoir formations, with corresponding improved ability to interpret seismic data in 
terms of reservoir parameters, including fluid saturations. 
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Relationships to Mineralogy and Organic Matter in Shale Gas Reservoirs 
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Research suggests that micro-porosity networks within shale gas reservoirs are often 
poorly understood, and it is not always clear how porosity relates to the kerogen 
distribution.  Pore fabric is directly related to permeability anisotropy. Further, an 
enhanced knowledge of the host rock lithology would be beneficial to reservoir 
stimulation programs such as 'fracing'. 
 
Two new applications, QEMSCAN® and Magpore®, with conventional measured 
TOC (Total Organic Carbon), kerogen organofacies, and optical maturity address 
these questions by quantitatively analysing ditch cuttings, core or outcrop samples 
taken through the reservoir interval.  QEMSCAN® is an automated mineralogical 
scanning technique with a combined SEM and EDS system that maps bulk 
mineralogy, lithotypes and organic matter within each sample. The recorded 
quantitative mineralogical data is used in conjunction with conventional petrological 
analysis, EM analysis and magnetic susceptibility measurements (Magpore®) 
increase understanding of the rock and organic fabric and its relationship to porosity, 
permeability, and permeability anisotropy. Standard TOC measurements are 
compared to those quantified by QEMSCAN®.   
 
Pilot scale projects have been completed on the following major US shale gas 
reservoirs 

 Barnett Shale (Carboniferous) 

 Woodford Shale (Devonian) 
o Dolomitic Zone 
o Siliceous Zone  

 Rhinestreet Shale (Devonian) 

 Levanna Shale (Devonian) 

 Geneseo Shale (Devonian) 

 Marcellus Shale (Devonian) 
o Oatka Creek Member  
o Purcell Member  

 
These show a range of argillaceous, calcareous and siliceous lithologies within shale 
gas reservoir sections. The combination of QEMSCAN® and Magpore® allows 
mineralogical and fabric anisotropy variation to be assessed. 
 
A more detailed profile has been constructed from a core from the Haynesville 
Formation (Jurassic), showing distinct shale gas reservoir facies. Organic-lean 
chloritic/glauconitic zones exist at the top of the reservoir and organic-rich calcitic and 
illite zones at the base. Within the prime reservoir zone, cementation and degree of 
bioturbation provide the main controls on rock property and fabric. 
 
Pilot scale results demonstrate the potential to provide unique information on the 
geometry, form and type of the pore network of shale gas reservoirs. The data 
generated will have considerable relevance to predicting the fluid flow properties and 
storage capacity of the host reservoir rocks. 
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If you hear the Alarm 
 
Alarm Bells are situated throughout the building and will ring continuously for an 
evacuation.  Do not stop to collect your personal belongings. 
Leave the building via the nearest and safest exit or the exit that you are advised to by 
the Fire Marshall on that floor. 
 
Fire Exits from the Geological Society Conference Rooms 
 
Lower Library: 
 Exit via Piccadilly entrance or main reception entrance. 
Lecture Theatre 
 Exit at front of theatre (by screen) onto Courtyard or via side door out to  
 Piccadilly entrance or via the doors that link to the Lower Library and to the 
 main reception entrance. 
Piccadilly Entrance 
 Straight out door and walk around to the Courtyard or via the main  
 reception entrance. 
 
Close the doors when leaving a room.  DO NOT SWITCH OFF THE LIGHTS. 
 
Assemble in the Courtyard in front of the Royal Academy, outside the Royal 
Astronomical Society. 
 
Please do not re-enter the building except when you are advised that it is safe to do so 
by the Fire Brigade. 
 
First Aid 
 
All accidents should be reported to Reception and First Aid assistance will be provided 
if necessary. 
 
Facilities 
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the Lecture Theatre. 
 
The Gents toilets are situated on the ground floor in the corridor leading to the Arthur 
Holmes Room. 
 
The cloakroom is located along the corridor to the Arthur Holmes Room. 
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