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Assessment of the shale gas resources of the Carboniferous basin shales of central Britain: preliminary report
The UK shale gas industry is in its infancy, and ahead of more drilling, fracture stimulation and testing there are no reliable indicators of potential productivity. In 2010 DECC estimated that, by a simple scaled basin-size analogy with similar producing shale gas plays in North America, the total UK shale gas recoverable reserve potential could be as large as 150 bcm (5.3 tcf, with 4.7 tcf of that in the Upper Bowland Shale of central Britain). Following on from that work DECC has commissioned the BGS to evaluate the gas in place resource potential for the entire Bowland shale, and work is underway to integrate over 15,000 miles of 2D seismic data with over 100 wells that penetrate the interval, Rock-Eval laboratory studies and basin modelling. By the end of 2012, a detailed technical report will be published on the DECC website with maps, well correlations and thermal maturity cross sections. This interim report provides a quick look at the mapping progress, An estimate of the potential resource size of the greater Bowland Shale gas play will be added in the final detailed technical report. 
Carboniferous organic-rich basin shales are present across a large part of central Britain, occurring either buried at depth or at outcrop (Pennines area) within a number of early Carboniferous basins (Fig. 1). These organic-rich shales are recognised to be world-class source rocks in which oil and gas matured before migrating into conventional oil and gas fields (e.g. UK Midlands area, UK Irish Sea). 
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Figure 1. Early Carboniferous basins of central Britain (modified after Fraser et al. 1990, Kirby et al. 2000), and area of DECC assessment. 

This assessment of the Carboniferous basin shales of central Britain is based upon detailed seismic mapping using all available hydrocarbon well and stratigraphic borehole information along with outcrop geology. Although several thousand wells and boreholes have been drilled within the assessment area, less than 200 of these penetrated deep enough to record more than 30 m (100 ft) of the early Carboniferous section containing basinal shales. Very few wells have drilled more than 1000 feet of the section of interest. Historically, the early Carboniferous organic-rich basin shales have been given many names (e.g. Bowland Shale, Hodder Mudstone, Widmerpool Formation, Long Eaton Formation), and all of these shale units are now encompassed within the Craven Group. The basinal shale interval mapped here is of Dinantian to early Namurian age, but it includes also limestones and occasional sandstones. For this report, the Carboniferous section of interest is termed the Bowland-Hodder unit (Fig. 2) since this is the key stratigraphic interval within the Bowland Basin that was targeted by Cuadrilla’s Preese Hall well in western Lancashire (Fig. 3), the UK’s first shale gas exploration well. Divided into lower and upper parts, basinal shales of the lower part of the Bowland-Hodder unit pass laterally to age equivalent limestones that were deposited over the adjacent highs and platforms (Fig. 2). The upper part of the unit comprises basin shales which were deposited across most of the basin highs and platforms following drowning of the high areas. The top of the interval corresponds to the base of the sandstone-dominated Millstone Grit Group, within which unit selected sandstones form reservoirs in conventional oil and gas reservoirs in the East Midlands area. 
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Figure 2. Schematic diagram showing relationship between basin shales and platform carbonates within the Dinantian-early Namurian Bowland-Hodder unit. Note that basin shales also occur interbedded with the sandstones of the overlying Millstone Grit.   

The top of the Bowland-Hodder unit lies at depths of up to 4750 m (16000 ft) across the assessment area (Fig. 3), with the greatest depths occurring in the Bowland Basin of Lancashire, the Cheshire Basin and in eastern Humberside. 
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Figure 3. Depth to the top of the Bowland-Hodder unit.
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Figure 4. Thickness of the Bowland-Hodder unit. Interval not mapped across the Derbyshire High where there is no seismic data (and the unit comprises platform carbonate rocks).

In the Bowland Basin, the total Bowland-Hodder unit is interpreted to reach a thickness of up to 1900 m (6300 ft), but the interval may be much thicker within the narrow, fault-bounded Gainsborough, Edale and Widmerpool basins (Figs. 4 & 5; up to 3000 m / 10000 ft, 3500 m / 11500 ft, and 2900 m / 9500 ft respectively). The organic-rich upper part of the Bowland-Hodder unit is typically up to around 150 m (500 ft) thick, but locally reaches up to 890 m (2900 ft).
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Figure 5. Generalised depth cross-sections through the Bowland Basin, Cheshire Basin, Widmerpool Trough, Gainsborough Trough and Edale Basin. For location of the sections, see Fig. 3.
Where they have been buried to sufficient depth for the organic material to generate gas, the Bowland-Hodder unit basin shales have the potential to form a shale gas resource analogous to the producing shale gas provinces of North America (e.g. Barnett Shale, Marcellus Shale). Where the shales have not been buried as deeply, there is potential for shale oil.  Central Britain has a complex tectonic history and the rocks here have been uplifted and partially eroded at least once since Carboniferous times, but this burial history is known to allow for significant hydrocarbon generation. 

The Bowland Basin (Fig. 3) is the largest basin in the assessment area, and it continues westwards beneath the Irish Sea. Near the coast the Bowland Basin is buried beneath a layer of thick Permo-Triassic rocks (Fig. 6), whilst farther east, the centre of the same basin has been uplifted and eroded such that rocks of the Bowland-Hodder unit crop out at the surface (Fig. 7). The Edale Basin is a fault-bounded structure that has a preserved cover of Millstone Grit and a relatively thin overlying unit of late Carboniferous Coal Measures locally also (Fig. 8). The Gainsborough and Widmerpool troughs are broadly similar faulted basins to the Edale Basin (Figs. 9-10), but the western, deepest part of the Widmerpool Trough was uplifted and partially eroded prior to deposition of Permo-Triassic rocks (Fig. 10). Over the crest of the Widmerpool Trough basin inversion, all of the overlying Coal Measures and Millstone Grit sections were eroded along with the uppermost part of the Bowland-Hodder unit.
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Figure 6. Seismic example 1 across the deepest-buried part of the Bowland Basin showing thickening of the Bowland-Hodder unit towards the basin depocentre. For location of the section, see Fig. 4
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Figure 7. Seismic example 2 across a folded and uplifted part of the Bowland Basin. For location of the section, see Fig. 4.
 [image: image8.png]Edale Basin

Top Millstone Grit

Top Bowland-Hodder
Base Bowland-Hodder
Base Carboniferous

T
o
3

Two-way time (seconds)




Figure 8. Seismic example 3 across the Edale Basin where very thick basin shales are likely to be present. On the adjacent Derbyshire High the Bowland-Hodder unit comprises platform carbonates topped by relatively thin Bowland shales. For location of the section, see Fig. 4.
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Figure 9. Seismic example 4 across the Gainsborough Trough. For location of the section, see Fig. 4.
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Figure 10. Seismic example 5 across the Widmerpool Trough showing inversion of the basin depocentre and erosion of the upper part of the Bowland-Hodder unit. For location of the section, see Fig. 4.
Few wells have penetrated the full Bowland-Hodder unit within the deep basins but several key wells have drilled sections more than 1500 m (5000 ft) long through the unit (Fig. 11). 
[image: image11.jpg]PIantatlon

Hesketh Farm Blacon
Thistleton gutt?érggAntlclme East
Plus
c.2000 ft
of section
undrilled
Bowland
Basin
o Base not
us t
¢.2800 ft e
of section
; Bowland Plys
undriled Basin c.2600 ft
of section
Bowland undrilled
Basin
Cheshire
D
Vertical scale
100 m

500 ft

|:| Millstone Grit Group
- Bowland-Hodder unit basin shales

_| Bowland-Hodder unit platform
limestones

- Early Dinantian unit

- Sandstone
- Volcanics

BSF Bowland Shale Formation

LLF Lockington Limestone Formation
PLF Prestatyn Limestone Formation
AS Arundian Shale Marker

N Namurian
D Dinantian

Long
Bosley Eaton

N
N

D

merp
roug

Grove Scaftworth
3 B2

Midlands

Alport

N

Plus
¢.3000 ft
of section
undrilled

Gains-
borough
Trough

Base
Bowland- Plus

Hodder €.7200 ft
seismic of section
unit undrilled

East Edale
Shelf Basin

—— Top Bowland-
Hodder seismic
unit

—— Base upper part of

Bowland-Hodder
seismic unit

—— Base Bowland-
Hodder seismic
unit





Figure 11. Craven Group basin shale sections recorded from wells and outcrops within the area assessed to date. At the Clitheroe and Plantation Farm Anticlines, the outcrop section has been measured along the ground. In the wells, only the part drilled from just above the Bowland-Hodder seismic unit is shown. See Fig. 3 or 4 for location of wells/sections. 
Outcrop sections from the Bowland Basin where it has been strongly uplifted (e.g. at the Clitheroe and Plantation Farm anticlines) also provide valuable insight into the nature and thickness of Craven Group shales within the Bowland-Hodder unit. The Hodder Mudstone Formation was not reached in the Thistleton or Hesketh wells in the western part of the Bowland Basin, but the interval is at least 900 m (3000 ft) thick in the Plantation Farm Anticline outcrop section located some 100 km farther to the east (Fig. 11), and a section of similar thickness is expected to be present in the Thistleton well area.

The Grove 3 well located on the East Midlands Shelf illustrates the platform limestone-dominated nature of the Bowland-Hodder unit that was deposited on an early Carboniferous platform high area (Fig. 11). In order to ensure that the 3D volume model used to calculate the potential amount of gas in place within the Bowland-Hodder unit included shale litholgies only and not the platform limestones, nor sandstones and limestone turbidites within the basins, the lateral variation in percentage shale was estimated from well sections and regional palaeogeographic models for the lower part of the Bowland-Hodder unit (Fig. 12). 
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 Figure 12. Interpreted percentage shale within the lower part of the Bowland-Hodder seismic unit used to condition the 3D volume during the calculation of in-place gas resources.
Comparison with North American shale gas plays

In the absence of actual production data from the UK’s Carboniferous shale gas play, it is useful to summarise the general information available to date with regard to the nature of the play with the proven shale gas plays of North America (Table 1).
	Positive factors 
	Negative factors 
	Unknown or poorly known 

	Thickness of >2% TOC intervals 
	Variable organic content in lower unit isopach thick areas.
	Limited well penetrations in lower unit isopach thick areas. 

	Some Type II kerogen 
	Some Type III kerogen 
	Gas yield 

	Brittle shale (interbedded w/brittle limestones) 
	Structural complexity and inversion 
	IP and decline rate 

	Thermal maturity >1.1 R0 >3.5 R0 
	Relatively low gamma response compared to North American analogues 
	Extent of over-pressuring 

	Evidence of gas in shale wells and producing fields sourced from Bowland Shale 
	Lower unit isopach thick areas have no North American shale gas analogues 
	


Table 1 Summary of positive, negative and unknown or poorly known factors affecting the UK’s Carboniferous potential shale gas play.

The full scale of production activities which might eventually be proposed in the UK is unknown, but this preliminary work indicates that there is significant potential for shale gas and shale oil production.  As with all other indigenous oil and gas, Government supports industry’s endeavours to develop these resources where economically viable, providing this can be done safely, and with full regard to the protection of the environment.
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