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Summary

Unconventional resource plays – one of the most talked about topics in the oil and gas industry these days are potentially 
lucrative economic engines. These plays were earlier considered as drilling hazards; but today these accumulations have 
started taking the forefront of exploration and exploitation; more so with the spiraling  crude prices and improvements in 
completion technology.

Considering the economic growth that India is going through at present and the very optimistic global predictions that see 
our country in the forefront of global economies in foreseeable future, it is important that an immediate attention is paid to 
these huge resources which lie virtually untapped in our country. This paper attempts to outline the resource base and 
emerging global exploration and exploitation scenario of these resources with the challenges therein. It also tries to sketch 
a picture of the status of these resources vis-à-vis Indian Sedimentary Basins and suggests a possible assessment. The paper 
concludes enumerating the emerging innovative geophysical methods for successful exploration and development of these 
resources and the need for a multidisciplinary approach.

Introduction

India is witnessing an unprecedented economic growth in 
the last few years and is fast emerging as an economic giant 
in the world economy. This staggering pace of economic 
growth has suddenly pushed up the energy need of the 
country, a growing share of which has to be imported.
Globally, fossil fuel will continue to dominate the energy 
mix in the foreseeable future. Thus to sustain the growth 
rate of ~ 10%, India needs to look at sources of these fuels 
at a fast pace. 

Natural gas being clean and energy efficient, is fast 
emerging as the preferred fuel option world over. However, 
in India, its share in the energy mix is only 8% compared to 
24% globally. It is thus imperative that the use and demand
in the country of natural gas will only increase in the future.
The size of the world’s unconventional resources is 
potentially enormous. Wood Mackenzie in their 2007 study 
titled 'Unconventional Hydrocarbons - The hidden 
opportunity' estimates unconventional hydrocarbon 

resources, approaching 3.6 trillion barrels of oil equivalent 
(boe) globally ; this is double the estimates of undiscovered 
conventional resources in the world.

These resources, particularly the unconventional gas 
resources already play an important role in the United 
States. It has been producing oil and gas from tight gas, 
shale gas, coal-bed methane, and heavy oil reservoirs. 
Unconventional gas production reached a new peak of 24 
Bcfd (8.6 Tcf/yr.) in 2006, and with a 43% share, it is now 
the dominant source of natural gas production in USA. 
Currently about 28% of the North American undiscovered 
natural gas resources are predicted to exist in 
unconventional reservoirs. Around the world, 
unconventional gas resources are expected to fill the gap 
between demand and supply by year 2025, especially in 
Asian countries like India and China.



Unconventional Resource plays

Resource play is a term which describes an accumulation of 
hydrocarbons known to exist over a large areal expanse 
and/or thick vertical section, which when compared to a 
conventional play, typically has a lower geological and/or 
commercial development risk and lower average decline 
rate (Fig-1).

    Figure 1: The Common Resource Plays 

There is however, no universal definition of an 
‘unconventional resource play’, there are many definitions 
but most of them are overlapping, imprecise and do not
describe fully the nature of unconventional resources.

It is important to describe characteristics of the geological 
setting and the reservoir framework while trying to define 
them (Fig-2). It would also be essential to include not only 
the reservoir characteristics, but also the extent to which the 
hydrocarbons are recoverable and the technology needed to 
exploit them. 

Thus, a combination of one or more of the first three 
following characteristics with the fourth one would decide 
whether a hydrocarbon accumulation is unconventional or 
not:

1. Special reservoir framework: low matrix permeability 
and/or presence of natural fractures.

2. Special reservoir charge: adsorbed gas in self-sourced 
reservoirs or presence of methane hydrates.

3. Fluid characteristics: high viscosity at reservoir 
conditions.

4. Technology and economics: The resources are 
economically exploitable only by applying advanced 
technologies, massive stimulation treatments and/or 
special recovery processes.

Figure 2: Habitat of unconventional accumulation (source:USGS)

Unconventional hydrocarbon resources thus can be defined 
as those oil and gas accumulations that, owing to their 
special reservoir rock properties, charge, and/or fluids 
characteristics are economically exploitable only with 
advanced technologies and special processes.

By this definition, unconventional resources include Tight 
Gas/Basin centred gas, Coalbed Methane, Shale gas, Gas 
Hydrates, Oil Shales, and also Heavy oil.

Tight Gas/ Basin Centred Gas Accumulation

These are regionally pervasive unconventional resources of 
natural gas encompassing very large area and may occur as 
single, isolated reservoirs or as multiple, stacked reservoirs. 
Over the years they have gained importance as one of the 
major economic resources.

Basin centered gas accumulations begin when inter-bedded 
sand and shale layers are buried in subsiding sedimentary 
basins. The resulting heating of organic matter in the shales 
generates large volume of gas while compaction and 
alteration reduces the permeability of the inter-bedded 
sandstones such that gas cannot easily migrate to shallower 
levels.

The inherent lenticularity of the sandstone present in these 
sand-shale layers also helps limit the movement of the gas. 
Generation of the gas at rates faster than it can escape leads 
to the expulsion of the formation water and, commonly, the 
over-pressuring of the reservoirs. Because the gas cannot 
freely migrate up into the conventional reservoirs along the 
shallower basin fringes, these up dip units often contain 
abundant water. So the accumulations are not reservoir 
specific but encompass large volume of strata in a manner 
governed by the burial, thermal and diagenetic history of 
the basin. 

The distinguishing characteristics of such accumulations
include low permeability or ‘tight’ reservoirs, abnormal 
pressures (over- or under-pressured), and a general absence 
of downdip water.



Potential in India

Several sedimentary basins in India hold promise for 
exploration of this unconventional gas source. The 
geoscientific data from wells drilled in Cambay, Krishna-
Godavari, Cauvery and Mumbai offshore basins 
conclusively point to the presence of this type of 
accumulations (Fig-3).
In one of the deepest well drilled in Cambay basin to a 
depth of 4498m, a continuous increase in total gas in the 
out-coming mud was observed while drilling from 3420m 
to 4498m with increasing amount in the deeper section 
clearly indicating presence of gas in the lower part. Further,
the free gas analysis and composition diagrams depict it as 
a dry gas not associated with oil. This well incidentally was 
not located in the deepest part of the low but was drilled 
near the eastern flank.

In a well drilled in the basinal part of onland Krishna-
Godavari basin continuous gas shows ranging from 5 to 
upto 50% of total gas was observed while drilling through 
the Permo-Triassic and Lower Gondwana sections.  
According to the source rock studies of the well, the 
Permo-Carboniferous sequences are having good source 
potential with average Tmax of 4760 and average TOC 
12.8%. 

Continuous gas shows ranging from 12% to as high as 77% 
of total gas has been reported while drilling through a well 
in the Ariyalur-Pondichery sub-basin in the Cauvery 
onland. The Cretaceous fine grained sands in the well have 
a typical low permeability ranging from .007 to 2.49 md 
and porosity in the order of 6 to 9.5 %. Geochemical 
studies in the well suggest that the sediments have very 
good organic matter richness with TOC ranging from 0.79-
5.4%.  

Tapti-Daman block in Bombay Offshore basin of India is a 
Tertiary clastic sub-basin formed at junction of the Cambay 
and Narmada rifts and contains a sedimentary thickness in
excess of 5000m. The deeper Panna Formation in Tapti -
Daman block consisting of syn-rift and post rift sediments, 
is predominantly argillaceous and represents the major 
source rock. The source is dominantly type-III and minor 
type-II, and so is gas prone. The presence of continuous gas 
shows in most of the deep wells drilled in the Panna
Formation indicate that the deep basinal parts of the Daman 
low may have conditions favorable for the development of 
tight gas sands in a Basin Centered Gas Accumulations 
especially in the northern rising flank of the Daman Low.

     Fig-3: Target basins for BCGA

Shale Gas

Natural gas formation takes place in fine-grained, black, 
organic, shale source rocks (Fig-4). Continued pressure 
from burial forces most of the natural gas to migrate from 
the organic shales into more porous and permeable rock 
such as sandstone and limestone. The natural gas remaining 
in the shales is termed shale gas.

Shale gas is produced from reservoirs predominantly 
composed of shale with lesser amounts of other fine 
grained rocks rather than from more conventional 
sandstone or limestone reservoirs. The gas shales are often 
both the source rocks and the reservoir for the natural gas, 
which is stored in three ways:

 adsorbed onto insoluble organic matter called 
kerogen 

 trapped in the pore spaces of the fine-grained 
sediments inter-bedded with the shale 

 confined in fractures within the shale itself 

     Fig-4: Depositional Environment of Shale gas
     (Source: Canadian Society of Unconventional Gas)



In the case of shale gas exploration, the primary targets
thus are shale formations with inter-bedded porous and 
permeable fine-grained sediments and natural fracture 
systems.

Potential in India

Exploration for this resource is at its nascent stage in the 
country so far. However, two basins emerge as immediate 
hotspots for pilot exploration considering their hydrocarbon 
and coal potential.
The Cambay basin in the western part of the country is a 
prolific producer of oil and gas for the last about 40 years. 
Cambay Shales of Eocene age is the proven source rocks 
for oil and gas and have expelled huge amount of 
hydrocarbons in suitable locales. These shales are the most
befitting candidates for shale gas exploration in the 
shallower part of the basin. The shales occur from 400m at 
the basin margin to more than 2500m in the basin centre.
The Gondwanas of Damodar Valley host the major 
coalfields of the country. In the Durgapur depression of the 
Barren Measure Formation has average TOC ranging from 
4.2 – 6.6 % and shales in Barakar Formation have TOC 
ranging from 4.40 – 8.29 %, which makes them suitable 
targets for shale gas exploration. 

Initial attempts to work out a tentative resource base of 
shale gas in these basins have indicated promising 
potential.

Coal Bed Methane

Coal beds are self-sourcing reservoirs that can contain 
thermogenic, migrated thermogenic, biogenic, or mixed 
gas. Coal bed gas is stored primarily within micropores of 
the coal matrix in an adsorbed state and secondarily in 
micropores and fractures as free gas or solution gas in 
water. The key parameters that control gas resources and 
producibility are thermal maturity, maceral composition, 
gas content, coal thickness, fracture density, in-situ stress, 
permeability, burial history, and hydrologic setting (Ayers, 
2002).

Coalbed methane (CBM) is a natural gas mixture 
containing more than 90 percent methane. Methane 
contents in coal seams can range from traces to 25 cubic 
metres per tonne of coal (Davidson, 1995). Regional 
resources of coal-bed methane are genetically associated 
with the geographic distribution of bituminous coal and 
anthracite deposits.

Potential in India

India is richly endowed with coal and Lignite in 
sedimentary basins of Gondwana and Tertiary age. The 

Gondwana basins have around 240 billion tons of coal 
reserves and an equal amount of lignite in Tertiary basins. 
CBM exploration in the country was initiated in India as 
early as 1992 in the Damodar Valley Coalfields, but it got 
the necessary boost after the Govt. of India came out with 
its CBM policy during 1997 and offered blocks for 
exploration. So far, 13600 sq km of area has been opened 
up for CBM exploration in the country. The exploration 
activities have established encouraging CBM resources in 
some of the awarded blocks. Resource of CBM hover
around 1.5 TCM with significant findings in the eastern, 
western and central part of India. 

Gas Hydrate

Gas hydrates are crystalline substances composed of water 
and gas in which a solid water-lattice accommodates gas 
molecules in a cage like structure, or clathrate. The 
estimated amount of gas in the hydrate accumulations of 
the world greatly exceeds the volume of known 
conventional gas resources.

Potential in India

Recent joint expedition in the Indian coasts covering over
10,000 m of sedimentary section within four geologic 
settings has come out with very exciting results (Fig-5). 
The expedition was among the most complex and 
comprehensive methane hydrate field ventures yet 
conducted. Key scientific highlights of the expedition thus 
far include: 
 Delineation and sampling of one of the richest marine 

gas hydrate accumulations yet discovered - Site 10 - in 
Krishna-Godavari basin 

 Discovery of one of the thickest and deepest gas 
hydrate occurrences yet known - site 17 in the 
Andaman Islands - revealing gas-hydrate-bearing 
volcanic ash layers as deep as 2,000 ft below the 
seafloor 

 Establishment of the existence of a fully developed 
gas hydrate system in the Mahanadi basin of the Bay 
of Bengal 

 Demonstration of the utility of advanced logging-
while-drilling operations in high-grading potential 
sites for later coring operations 



Fig: 5: Gas Hydrates finds off Indian Coast 
(Source: World Oil, Dec 2006) 

Present assessment of Indian Gas Hydrate Resource is put 
at a staggering 1894 TCM (NIO, 1997). 

Though the resource potential is enormous, the production 
of gas from gas hydrates is the biggest challenge faced by 
the world scientific community today. The basic challenge 
is to find out a suitable technology to first dissociate the gas 
hydrates present in the solid form below the seabed in 
deep-sea conditions, as well as the permafrost regions of 
the world. Other challenge faced, is to produce the 
dissociated gas. But most importantly, the whole activity 
presently is uneconomic, as it is to be carried out in deep 
waters.

No commercially proven technology exists for production 
of gas from gas hydrates, any where in the world. India 
endowed with plenty of this resource needs to embark upon 
focused research to identify technology to exploit this 
resource.

Oil Shales

Most oil shales are fine-grained sedimentary rocks 
containing relatively large amounts of organic matter from 
which significant amounts of shale oil and combustible gas 
can be extracted by destructive distillation.  Included in 
most definitions of "oil shale", either stated or implied, is 
the potential for the profitable extraction of shale oil and 
combustible gas or for burning as a fuel.

Oil shales were deposited in a wide variety of environments 
including freshwater to saline ponds and lakes, 
epicontinental marine basins and related subtidal shelves.
They were also deposited in shallow ponds or lakes 
associated with coal-forming peat in limnic and coastal 
swamp depositional environments. It is not surprising, 
therefore, that oil shales exhibit a wide range in organic and 
mineral composition.  Most oil shales contain organic 
matter derived from varied types of marine and lacustrine 

algae, with some debris of land plants, depending upon the 
depositional environment and sediment sources.

The total world resources of oil shale are of the order of 
410 billion tons of oil (2.9 trillion US barrels). 

Potential in India

The main potential belt in India, for oil shales is confined to 
Barail rocks of Schuppen belt exposed along the Naga foot 
hills from northern Nagaland, Upper Assam & Tirap and 
Changlong district of Arunachal Pradesh. The Kopili shales 
of Eocene may be a suitable host rock which can also be 
examined for any oil shale present within the unit. The 
geochemical characterization and oil shale resource 
assessment of shale outcrops in and around the Northeast 
Coalfield mining area has been attempted which has given 
some preliminary idea about the oil shale potential of the 
Barail shales. However, a detailed mapping and 
geochemical characterization of outcrop shale in Assam 
and Arunachal Pradesh is needed for comprehensive 
resource assessment.

Exploring the Unconventional

Unconventional gas resources have largely been 
overlooked and understudied outside of the United States, 
with a few exceptions,. In most of the world, the natural gas 
industry is focusing on producing gas from conventional 
reservoirs and has yet to turn its attention to unconventional 
gas reservoirs. This is partly due to the scarce geological 
information available in these countries on unconventional 
resources but largely due to the chronic shortage of 
expertise in the specific technologies needed to develop 
these resources successfully. 

In India, except for CBM, no noteworthy progress has
taken place in the areas of Tight Gas and/or Shale Gas
exploration. But these are two plays which are now 
comprehensively understood in US and a lot of knowledge 
is already available in the industry. Thus India can shorten 
its learning curve in assessing and establishing the potential 
of these plays in the country.

Basin-Analogue Method

One of the quickest ways to scan our under-explored basins 
for unconventional resources would be the Basin-Analogue 
Method. The basin analog approach is not new to 
geoscientists. For over fifty years, basin analog processes 
have been used in the oil and gas industry. There are now
databases available which contain both geologic and 
petroleum systems information of basins in North America 
that contain unconventional resources known as 
“reference” basins”. Software have been developed which 
can perform and accelerate the process of identifying 



analog basins with matching various geological factors like, 
trap size, timing of trap development, hydrocarbon sources, 
marine content of total sedimentary section, reservoir rock, 
evaporates, cap rock, unconformities, geologic age, and 
geothermal gradient parameters etc. It would be in order to 
go for a quick assessment of country’s resource base which 
would help the industry to take investment decisions.

Role of G&G in successful Exploration and 
Development of Unconventional resources

Successful exploitation of unconventional resources 
requires an appropriate geological model to guide 
exploration and an efficient and effective technology to 
optimize production (Fig-6). While in conventional 
systems, reservoirs have more-or-less discrete boundaries, 
continuous accumulations are regional in extent and lack 
obvious seals or traps, presenting a somewhat different set 
of issues. Reservoir characteristics controlling gas-in-place 
and production rates are variable and difficult to predict. It 
is necessary to appreciate these geoscientific issues with a 
decisive role of the geoscientist in reducing “risk” by 
anticipating trends in reservoir quality, targeting 
stratigraphic intervals for completion or re-completion, 
determining optimal well-spacing; accurately assessing the 
distribution of gas-in-place, and improving the accuracy of 
reserve estimates, providing data for optimizing drilling 
and completion, remediation of production-related 
problems, reservoir simulation, and economic modeling;  
providing insights to guide project expansion and 
acquisition. Multidisciplinary acquisition of geophysical, 
stratigraphic, structural, hydrological, and geochemical data 
is required to accomplish this goal. Understanding and 
characterizing sedimentary organic matter is critical for 
sorbed gas reservoirs.

The use of geophysical tools is becoming increasingly vital
in exploiting unconventional resources. Play areas and 
fracture systems can be assessed with: 
 Multi-component 3-D seismic. 
 Microseismic monitoring and
 Tiltmeter readings 

Due to the low permeability of these Resource Plays, 
hydraulic fracture stimulation is required to achieve gas 
production and effective stimulation requires either the 
connection to existing natural fractures or the presence of 
geomechanical brittleness capable of supporting extensive 
induced fractures. However, not all tight gas reservoirs are 
created equal despite their thick, continuous nature and any 
given well can be uneconomical to drill. Natural fractures, 
porosity and gas saturation are important criteria in 
identifying the correct well location and consequently the 
use of 3D seismic with other geophysical methods to detect 
anisotropy caused by fractures, stress or over-pressure are 
essential to the successful development of such plays.

Three-component (3C) seismic and Nine-component (9C) 
seismic are being used by the industry now for 
understanding the fracture-dominated systems. 3C seismic 
provides about 50 percent more information than traditional 
seismic, and 9C seismic about twice as much. 

Fig-6: The Resource triangle (courtesy: Holditch, SA)

The most recent geophysical tool related to unconventional 
resources is probably ‘microseismic’ or “passive seismic”
which relies on natural or secondary energy sources. 
Hydraulic fracturing produces micro-seisms around the 
well bore and to distances of 500 m or more. The location 
of these events can be determined using downhole 3C 
geophones to detect discreet acoustic wave arrivals, or by 
“beam forming” (stacking) the output from a surface-
located 1C geophone array. In unconventional resources, 
microseismic is predominantly being used for fracture 
monitoring these days. The geoscientist’s role in 
interpreting microseismic data is vital for an understanding 
of the rock properties and the geological setting of the 
surrounding rock and how the completions strategy 
interacts with the rock.

Tiltmeter fracture mapping has been gaining wide 
acceptance by the industry in unconventional resources. 
Tiltmeters downhole and on the surface can be used to 
measure the tilt induced by hydraulic fracturing. 
Tiltmetering can be used for hydraulic fracture imaging 
even at depths of 3000 m and the tiltmeters are precise 
enough to pick up the very small associated surface uplift. 
While in shale fracturing the tiltmeters can be used to 
determine the azimuth of the fracture that’s being created 
and can also determine a vertical fracture as opposed to a 
horizontal fracture. 

AVO and AVO variation with azimuth (AVAZ) can detect 
anisotropy due to fractures, stress or over-pressure which 
are essential to the development success of such plays.
While rock mechanics, petrophysics and conventional 
isotropic AVO can be applied to map the Resource Play 
potential and predict optimal drilling locations, Azimuthal 
AVO methods can correctly detect the orientation and 
degree of anisotropy. 



Conclusion

Unconventional resources are destined to play a major role 
in meeting the ever-increasing demand of fossil fuels. 
These resources are largely under-explored in most part of 
the world including India. But with successful exploration 
and exploitation of some of these resources in USA, it is 
important that a country like India which is poised for a 
quantum jump up the economic ladder, starts immediate 
assessment and exploration of these resources within its 
territory. The learning curve can be sufficiently reduced 
with the knowledge and technology the industry is updating 
everyday. The petroleum geoscientist has a major role to 
play to make this a reality.
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