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Using a geology-based assessment methodology, the U.S. Geological Survey estimated undiscovered, technically recoverable 
mean resources of 4.5 trillion cubic feet of coalbed gas in the Kalahari Basin Province of Botswana, Zambia, and Zimbabwe, Africa.

Introduction
The U.S. Geological Survey (USGS) 

completed an assessment of undiscovered, 
technically recoverable continuous (unconven-
tional) coalbed gas resources within the Kalahari 
Basin Province (fig. 1), a geologically complex 
region of approximately 648,670 square kilo-
meters in Botswana, Zambia, and Zimbabwe. 
As much as 1,500 meters (m) of Lower Permian 
sedimentary rocks are present in the Kalahari 
Basin Province. Coals are present in the Permian 
Ecca Group. Thickness of the coal-bearing 
zone ranges from 500 to 550 m with net coal 
thickness ranging from 55 to 125 m. Indi-
vidual coalbeds range from 1 m to as much as 
30 m thick.

Twenty-six coalbed gas exploration 
wells have been drilled in the Kalahari Basin 
Province, and several test wells in Botswana and 
Zimbabwe reported recoverable gas content or 
production (IHS MarkitTM, 2015; McConachie, 
2015; Dowling, 2016). Gas contents are as 
much as 9.5 cubic meters per ton (334 standard 
cubic feet per ton) with gas content increasing 
with depth.

Total Petroleum System  
and Assessment Units

For the Kalahari Basin Province, 
the USGS defined the Permian Composite 
Total Petroleum System (TPS) and the Kalahari 
Coalbed Gas Assessment Unit (AU) within this 
TPS. Coalbed gas production tests from several 
wells in the province provide limited but good 
evidence that this petroleum system is viable. 
Coalbed gas is known to exist in the Kalahari 
and Zambezi Basins of Botswana, Zambia, and 
Zimbabwe (Dowling and others, 2016).

Figure 1.  Location of the Kalahari Basin Province and the coalbed gas assessment unit 
(AU) defined in this study.

The Kalahari Coalbed Gas AU is defined as an area containing thick coals 
in the Ecca Group and where the coals are less than 1,800 m below the surface. 
Coals in the Zambia and Zimbabwe parts of the province (also called the Zambezi 
Basin) range from subbituminous to medium-volatile bituminous coal to high-
volatile bituminous, whereas coal rank in the Botswana part of the Kalahari Basin 
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Province is high-volatile bituminous 
(Cairncross, 2001). Coals in Botswana 
exhibit vitrinite reflectance (Ro) values 
ranging from 0.5 to 0.7 percent Ro, 
a high ash content averaging 39 per-
cent, and sulfur content averaging 
0.45 percent. Coalbeds in Botswana 
have been thermally elevated in rank 
by dolerite intrusions within the Ecca 
Group, whereas in Zimbabwe, there 
are few dolerite intrusions to influence 
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Assessment input data
Kalahari Coalbed Gas AU

Minimum Mode Maximum Calculated mean

Potential production area of AU (acres) 10,000 4,000,000 50,000,000 18,003,333
Average drainage area of wells (acres) 40 80 120 80
Success ratios (%) 10 20 35 21.7
Average EUR (BCFG) 0.04 0.08 0.3 0.092
AU probability 1.0

Table 1.  Key assessment input data for one assessment unit in the Kalahari Basin Province, Africa.

[AU, assessment unit; %, percent; EUR, estimated ultimate recovery per well; BCFG, billion cubic feet of gas. EUR, well drainage area, and success ratios are from U.S. shale-
gas and shale-oil analogs. The average EUR input is the minimum, median, maximum, and calculated mean. Shading indicates not applicable]

Total petroleum system 
and assessment unit (AU)

AU 
probability

Accu-
mulation 

type

Total undiscovered resources
Gas (BCFG) NGL (MMBNGL)

F95 F50 F5 Mean F95 F50 F5 Mean
Permian Composite Total Petroleum System

Kalahari Coalbed Gas AU 1.0 Gas 622 3,523 11,721 4,504 0 0 0 0
Total undiscovered resources 622 3,523 11,721 4,504 0 0 0 0

Table 2.   Assessment results for one assessment unit in the Kalahari Basin Province, Africa.

[BCFG, billion cubic feet of gas; MMBNGL, million barrels of natural gas liquids. Results shown are fully risked estimates. For gas accumulations, all liquids are included 
in the NGL (natural gas liquids) category. F95 represents a 95-percent chance of at least the amount tabulated; other fractiles are defined similarly. Fractiles are additive 
under the assumption of perfect positive correlation. Shading indicates not applicable]

coal rank. Kalahari Basin (Botswana) 
coals contain thermogenic methane, 
whereas Zambezi Basin (Zambia and 
Zimbabwe) coals contain biogenic gas 
(low-rank coals) and thermogenic gas 
(high-rank coals).

Assessment input data for the 
Kalahari Coalbed Gas AU are shown in 
table 1. Well drainage areas, estimated 
ultimate recoveries, and success ratios 
are guided by U.S. coalbed gas analogs.

Undiscovered Resources Summary
The USGS quantitatively assessed 

coalbed gas resources within one coal-
bed gas assessment unit in the Kalahari 
Basin Province (table 2). For coalbed gas 
resources, the estimated mean totals for the 
Kalahari Coalbed Gas AU are 4,504 bil-
lion cubic feet of gas (BCFG), or 4.5 tril-
lion cubic feet of gas, with an F95–F5 
range from 622 to 11,721 BCFG.
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For More Information
Assessment results also are available at the USGS Energy Resources Program website 

at http://energy.usgs.gov.
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