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EXECUTIVE SUMMARY AND STUDY RESULTS  

 

The “World Shale Gas and Shale Oil Resource Assessment”, conducted by Advanced 

Resources International, Inc. (ARI) for the U.S. DOE’s Energy Information Administration (EIA), 

evaluates the shale gas and shale oil resource in 26 regions, containing 41 individual countries, 

Figure 1.  The assessment did not include the United States, but for completeness we have 

included in the Executive Summary our internal estimates of shale gas and shale oil resources 

for the U.S., extracted from ARI’s proprietary shale resource data base.  

The information provided in this report should be viewed as the second step on a 

continuing pathway toward a more rigorous understanding and a more comprehensive 

assessment of the shale gas and shale oil resources of the world.  This report captures our 

latest view of the in-place and technically recoverable shale gas and shale oil in the 95 shale 

basins and 137 shale formations addressed by the study.   

Figure 1.  Assessed Shale Gas and Shale Oil Basins of the World 
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The twenty-six chapters of the report discuss our current understanding of the quantity 

and quality of shale gas and shale oil resources in the 41 assessed countries, Table 1.  Initial 

shale exploration is underway in many of these countries.  New geologic and reservoir data 

collected by these industry and research drilling programs will enable future assessments of 

shale gas and shale oil resources to progressively become more rigorous.   

Table 1.  Scope of “EIA/ARI World Shale Gas and Shale Oil Resource Assessment” 

Continent Region
Number of 
Countries

Number of 
Basins

Number of 
Shale 

Formations

I. Canada 1 12 13
II. Mexico 1 5 8

Subtotal 2 17 21
Australia III. Australia 1 6 11

IV. N. South America 2 3 3
V. Argentina 1 4 6
VI. Brazil 1 3 3
VII. Other S. South America 4 3 4

Subtotal 8 13 16
VIII. Poland* 3 5 5
IX. Russia 1 1 2
X. Other Eastern Europe 3 3 4

Subtotal 7 9 11
XI. UK 1 2 2
XII. Spain 1 1 1
XIII. Other Western Europe 5 5 10

Subtotal 7 8 13
Europe Total 14 17 24

XIV. Morocco** 3 2 2
XV. Algeria 1 7 11
XVI. Tunisia 1 1 2
XVII. Libya 1 3 5
XVIII. Egypt 1 4 4
XIX. South Africa 1 1 3

Subtotal 8 18 27
XX. China 1 7 18
XXI. Mongolia 1 2 2
XXII. Thailand 1 1 1
XXIII. Indonesia 1 5 7
XXIV. India/Pakistan 2 5 6
XXV. Jordan 1 2 2
XXVI. Turkey 1 2 2

Subtotal 8 24 38

41 95 137
*Includes Lithuania and Kaliningrad.  **Includes Western Sahara & Mauritania

Total

North 
America

South 
America

Eastern 
Europe

Western 
Europe

Africa

Asia
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When reviewing the shale gas and shale oil resource assessments presented in this 

report, it is important to consider these three points: 

 First, the resource assessments in the individual regional and country chapters are 

only for the higher quality, “prospective areas” of each shale gas and shale oil basin.  

The lower quality and less defined areas in these basins, which likely hold additional 

shale resources, are not included in the quantitatively assessed and reported values. 

 Second, the in-place and technically recoverable resource values for each shale gas 

and shale oil basin have been risked to incorporate: (1) the probability that the shale 

play will (or will not) have sufficiently attractive flow rates to become developed; and 

(2) an expectation of how much of the prospective area set forth for each shale basin 

and formation will eventually be developed.  (Attachment C provides a listing of the 

risk factors used in this shale resource assessment study.) 

 We benefited greatly from the major new efforts on assessing and pursuing shale 

gas and shale oil resources, stimulated in part by the 2011 EIA/ARI study in 

countries such as Algeria, Argentina and Mexico, among many others. 

No doubt, future exploration will lead to changes in our understanding and assessments 

of the ultimate size and recoverability of international shale gas and shale oil resources.  We 

would encourage the U.S. Energy Information Administration, which commissioned this unique, 

“cutting edge” shale gas and shale oil resource assessment, to incorporate the new exploration 

and resource information that will become available during the coming years, helping keep this 

world shale resource assessment “evergreen”. 

STUDY AUTHORS 

Three individuals, each a long-term member of Advanced Resources International, Inc., 

are the authors of this “International Shale Gas Resource Assessment”, namely: Vello A. 

Kuuskraa, President; Scott H. Stevens, Sr. Vice President; and Keith Moodhe, Sr. Consultant.  

Messrs. Kuuskraa, Stevens and Moodhe (plus Tyler Van Leeuwen) were the primary authors of 

the previous (April, 2011) version of the world shale gas resource assessment.  Attachment A 

provides brief background information on each of the study authors. 
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In addition, Mr. Aloulou Fawzi, EIA’s Project Manager for this study, provided highly 

valuable review and comments, as did numerous EIA, DOE, DOI, USGS and State Department 

officials.  We are appreciative of their thoughtful input. 

SUMMARY OF STUDY FINDINGS 

Although the exact in-place and technically recovered resource numbers will change 

with time, our work to date shows that the world shale gas and shale oil resource is vast. 

 Shale Gas Resources.  Overall, for the 41 countries assessed in the EIA/ARI study, 

we identified a total risked shale gas in-place of 31,138 Tcf.  Of this total, 

approximately 6,634 Tcf is considered the risked, technically recoverable shale gas 

resource, not including the U.S., Table 2A.  Adding the U.S. shale gas resource 

increases the assessed shale gas in-place and technically recoverable shale gas 

resources of the world to 35,782 Tcf and 7,795 Tcf, respectively.  

 Shale Oil Resources.  The previous EIA/ARI study did not assess shale oil 

resources, thus the 2013 report represents a major new expansion of scope.  In this 

EIA/ARI assessment, we identified a total risked shale oil in-place of 5,799 billion 

barrels, with 286.9 billion barrels as the risked, technically recoverable shale oil 

resource, not including the U.S., Table 2B.  Adding the U.S. shale oil resource 

increases the assessed shale oil in-place and technically recoverable shale oil 

resources of the world to 6,753 billion barrels and 335 billion barrels, respectively.  

Two-thirds of the assessed, technically recoverable shale gas resource is concentrated 

in six countries - - U.S., China, Argentina, Algeria, Canada and Mexico.  As shown on Figure 2, 

the top ten countries account for over 80% of the currently assessed, technically recoverable 

shale gas resources of the world. 

Similarly, two-thirds of the assessed, technically recoverable shale oil resource is 

concentrated in six countries - - Russia, U.S., China, Argentina, Libya and Venezuela.  The top 

ten countries, listed on Figure 2, account for about three-quarters of the currently assessed, 

technically recoverable shale oil resources of the world. 

Importantly, much of this shale resource exists in countries with limited endowments of 

conventional oil and gas supplies such as South Africa, Jordan and Chile or resides in countries 

where conventional hydrocarbon resources have largely been depleted, such as Europe.      
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Table 2A.  Risked Shale Gas In-Place and Technically Recoverable: Seven Continents 

Continent
Risked

Gas In-Place
(Tcf)

Risked Technically
Recoverable

(Tcf)

North America (Ex. U.S.) 4,647 1,118

Australia 2,046 437

South America 6,390 1,431

Europe 4,895 883

Africa 6,664 1,361

Asia 6,495 1,403

Sub-Total 31,138 6,634

U.S. 4,644 1,161

TOTAL 35,782 7,795  

Table 2B.  Risked Shale Oil In-Place and Technically Recoverable: Seven Continents 

 

Continent
Risked

Oil In-Place
(B bbl)

Risked Technically
Recoverable

(B bbl)

North America (Ex. U.S.) 437 21.9

Australia 403 17.5

South America 1,152 59.7

Europe 1,551 88.6

Africa 882 38.1

Asia 1,375 61.1

Sub-Total 5,799 286.9

U.S. 954 47.7

TOTAL 6,753 334.6  

 

The tabulation of shale resources at the country-level (excluding the U.S.) is provided in 

Table 3.  More detailed information on the size of the shale gas and shale oil resource, at the 

basin- and formation-level, is provided in Attachment B.   

Significant additional shale gas and shale oil resources exist in the Middle East, Central 

Africa and other countries not yet included in our study.  Hopefully, future editions of this report 

will address these important potential shale resource areas. 
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Figure 2.  Assessed World Shale Gas and Shale Oil Resources (42 Countries, including U.S.) 

1. U.S. 1,161 1. Russia 75

2. China 1,115 2. U.S. 48

3. Argentina 802 3. China 32

4. Algeria 707 4. Argentina 27

5. Canada 573 5. Libya 26

6. Mexico 545 6. Australia 18

7. Australia 437 7. Venezuela 13

8. South Africa 390 8. Mexico 13

9. Russia 285 9. Pakistan 9

10. Brazil 245 10. Canada 9

11. Others 1,535 11. Others 65

TOTAL 7,795 TOTAL 335

Shale Gas Resources

(Tcf) (Billion Barrels)

Technically Recoverable Technically Recoverable

Shale Oil Resources
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Table 3.  Risked Shale Gas and Shale Oil Resources In-Place and Technically Recoverable,              
41 Countries Assessed in the EIA/ARI Study 

Continent Region Country
Risked Gas

In-Place
(Tcf)

Technically 
Recoverable

(Tcf)

Risked Oil
In-Place

(Billion bbl)

Technically 
Recoverable
(Billion bbl)

2,413 573 162 8.8
2,233 545 275 13.1
4,647 1,118 437 21.9

Australia 2,046 437 403 17.5

Colombia 308 55 120 6.8
Venezuela 815 167 269 13.4

1,123 222 389 20.2
3,244 802 480 27.0
1,279 245 134 5.3

Bolivia 154 36 11 0.6
Chile 228 48 47 2.3
Paraguay 350 75 77 3.7
Uruguay 13 2 14 0.6

744 162 150 7.2
6,390 1,431 1,152 59.7

Poland 763 148 65 3.3
Lithuania 4 0 5 0.3
Kaliningrad 20 2 24 1.2

1,921 285 1,243 74.6
Bulgaria 66 17 4 0.2
Romania 233 51 6 0.3
Ukraine 572 128 23 1.1

872 195 33 1.6
134 26 17 0.7
42 8 3 0.1

France 727 137 118 4.7
Germany 80 17 14 0.7
Netherlands 151 26 59 2.9
Denmark 159 32 0 0.0
Sweden 49 10 0 0.0

1,165 221 190 8.3
Europe 4,895 883 1,551 88.6

95 20 5 0.2
3,419 707 121 5.7
114 23 29 1.5
942 122 613 26.1
535 100 114 4.6

1,559 390 0 0.0
6,664 1,361 882 38.1

4,746 1,115 644 32.2
55 4 85 3.4
22 5 0 0.0
303 46 234 7.9

India 584 96 87 3.8
Pakistan 586 105 227 9.1

35 7 4 0.1
163 24 94 4.7

6,495 1,403 1,375 61.1

31,138 6,634 5,799 286.9
*Includes Western Sahara & Mauritania

Grand Total

Asia

XX. China
XXI. Mongolia
XXII. Thailand

XXIII. Indonesia

XXIV. India/Pakistan

XXV. Jordan
XXVI. Turkey

Total

XII. Spain

XIII. Other Western Europe

Subtotal

Africa

XIV. Morocco*
XV. Algeria
XVI. Tunisia
XVII. Libya
XVIII. Egypt

XIX. South Africa
Total

Total

Western 
Europe

XI. UK

VII. Other S. South America

Subtotal
Total

Eastern 
Europe

VIII. Poland

IX. Russia

X. Other Eastern Europe

Subtotal

South 
America

IV. N. South America

Subtotal
V. Argentina

VI. Brazil

North 
America

I. Canada
II. Mexico

Total

III. Australia
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COMPARISON OF STUDY FINDINGS 

Since the publication of the first EIA/ARI shale gas resource assessment in 2011, 

considerable new information has become available, helping provide a more rigorous resource 

assessment.  New basins and countries have been added to the list.  Data from more recently 

drilled exploration wells have helped constrain the resource size and quality - - sometimes 

increasing and sometimes reducing the resource estimates.  With new information, some areas 

of prospective shale basins previously placed in the “gas window” are now classified as wet 

gas/condensate.  In addition, associated gas from shale oil plays has been incorporated into the 

shale gas resource estimate.   

Table 4 provides a comparison of the world shale gas resources included in the current 

(year 2013) EIA/ARI assessment with the initial EIA/ARI shale gas resource assessment 

published in 2011. 

Table 5 provides a more detailed comparison and discussion of the differences between 

the 2011 and the current (2013) EIA/ARI estimates of risked, technically recoverable shale gas 

resources for 16 selected countries. 

Table 4.  Comparison of 2011 EIA/ARI Study and  
Current EIA/ARI Study of Assessed World Shale Gas Resources  

 
2011 2013

Risked Risked

Continent Recoverable Recoverable

(Tcf) (Tcf)

North America (Ex. U.S.) 1,069 1,118

Australia 396 437

South America 1,225 1,431

Europe 624 883

Africa 1,042 1,361

Asia 1,404 1,403

Total 5,760 6,634
 

 



EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 9  

Table 5.  Selected Comparison of 2011 and Current EIA/ARI Estimates  
of World Shale Gas Resources 

 Risked, Technically Recoverable 
Shale Gas Resources (Tcf) Discussion 

April 2011 Report May 2013 Report

1. North America 
• Canada 388 573 7 basins vs. 12 basins. 
• Mexico 681 545 Better data on areal extent.

2. South America 

• Argentina 774 802 Improved dry and wet gas areal 
definitions. 

• Brazil 226 245 New dedicated chapter. 

• Venezuela 11 167 Included associated gas; better 
data.

3. Europe 

• Poland 187 148 Higher TOC criterion, better data 
on Ro.

• France 180 137 Better data on SE Basin in France.

• Norway 83 0 Eliminated speculative area for 
Alum Shale. 

• Ukraine 42 128 Added major basin in Ukraine.

• Russia - 285 New dedicated chapter. 

4.  Africa 
• Algeria 230 707 1 basin vs. 7 basins. 

• Libya 290 122 Higher TOC criterion; moved area 
to oil.

• South Africa 485 390 Reduced area due to igneous 
intrusions. 

• Egypt - 100 New dedicated chapter. 

5. Asia 

• China 1,225 1,115 Better data; higher TOC criterion.

• India/Pakistan 114 201 Expanded assessment for 
Pakistan.
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Beyond the resource numbers, the current EIA/ARI “World Shale Gas and Shale Oil 

Resource Assessment” represents a major step-forward in terms of the depth and “hard data” of 

the resource information assembled for 137 distinct shale formations and 95 shale basins in 41 

countries.  In Table 6, we strive to more fully convey the magnitude of differences in these two 

shale resource assessments. 

Table 6.  Comparison of Scope and Coverage,  
EIA/ARI 2011 and 2013 World Shale Gas Resource Assessments 

 

 
EIA/ARI 2011 Report EIA/ARI 2013 Report 

No. of Regions (Chapters) 14 26 

No. of Countries 32 41 

No. of Basins 48 95 

No. of Formations 69 137 

Resource Coverage 
  

• Shale Gas   

• Shale Oil Not requested  

No. of Pages 355 ~700 

No. of Original Maps ~70 ~200 
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Attachment A 
Authors of “World Shale Gas and Shale Oil Resource Assessment” 

 

 

Vello A. Kuuskraa, President of Advanced Resources International, Inc. (ARI), has over 40 
years of experience assessing unconventional oil and gas resources.  Mr. Kuuskraa headed 
the team that prepared the 1978, three volume report entitled “Enhanced Recovery of 
Unconventional Gas” for the U.S. Department of Energy (DOE) that helped guide 
unconventional gas R&D and technology development efforts during the formative period 
1978-2000.  He is a member of the Potential Gas Committee and has authored over 100 
technical papers on energy resources.   Mr. Kuuskraa is a 2001 recipient of the Ellis Island 
Medal of Honor that recognizes individuals for exceptional professional contributions by 
America's diverse cultural ancestry.  He currently serves on the Board of Directors of 
Southwestern Energy Company (SWN), on the Board of Directors for Research Partnership to 
Secure Energy for America (RPSEA) and on the National Petroleum Council.  Mr. Kuuskraa 
holds a M.B.A., Highest Distinction from The Wharton Graduate School and a B.S., Applied 
Mathematics/ Economics; from North Carolina State University.

   

 

Scott H. Stevens, Sr. Vice President of Advanced Resources International, Inc. (ARI), has 30 
years of experience in unconventional gas and oil resources.  Mr. Stevens advises Major oil 
companies, governments, and financial industry clients on shale gas/oil and coalbed methane 
investments in North America and abroad.  After starting his career with Getty and Texaco in 
1983 working the liquids-rich Monterey shale deposit in California, Stevens joined ARI in 1991.  
He has initiated or evaluated hundreds of unconventional oil & gas drilling projects in the USA, 
Australia, Chile, China, Indonesia, Poland, and other countries.   Mr. Stevens holds a B.A. in 
Geology (Distinction) from Pomona College, an M.S. in Geological Science from Scripps 
Institution of Oceanography, and an A.M. in Regional Studies – East Asia (Economics and 
Chinese) from Harvard University. 

   

 

Keith Moodhe, Sr. Consultant with Advanced Resources International, Inc. (ARI ), has eight  
years of experience with unconventional resources in the U.S. and globally. He is an expert in 
geographic information system (GIS) mapping and analysis of shale gas/oil and coalbed 
methane geologic and reservoir properties. During his career he has constructed a geologic 
data base of shale properties in China; assessed the shale and CBM resource potential of 
major basins in Southeast Asia, Indonesia, Australia, and South America; and conducted 
geologic and GIS analysis of domestic and global shale resources for the U.S. Energy 
Information Administration (EIA) and various industry and investment firms.  Mr. Moodhe holds 
a B.S. in Geology with a minor in Economics from the College of William & Mary.   
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Estimates of U.S. Shale Gas and Shale Oil Resources Extracted from  

Advanced Resources International’s Proprietary Shale Resource Data Base 
 

 

BACKGROUND 

While not within the scope of work of the EIA/ARI study of world shale gas and shale oil 

resources, for purposes of completeness we have provided information from Advanced 

Resources International’s (ARI) proprietary shale resource data base on U.S. shale gas and 

shale oil resources. 

The overall estimate of 1,161 Tcf of risked, technically recoverable wet and dry shale 

gas for the U.S. represents an aggregation of information from 15 shale basins and 70 distinct 

and individually addressed plays, Table B-1.  For example, the resource estimate for the major 

Marcellus Shale play in the Appalachian Basin is the sum of eight individually assessed plays, 

where each play has been partitioned to capture differences in geologic and reservoir conditions 

and in projected well performance across this vast basin.  (We used an average shale gas 

recovery factor of 25% to estimate the U.S. shale gas resource in-place.) 

The overall estimate of 47.7 billion barrels of risked, technically recoverable shale oil and 

condensate for the U.S. represents an aggregation of information from 8 shale basins and 35 

distinct and individually assessed plays, Table B-1.  (We used an average shale oil recovery 

factor of 5% to estimate the U.S. shale oil resource in-place.) 

For completeness, the U.S. has already produced 37 Tcf of shale gas plus modest 

volumes of shale oil/condensate, from major shale plays such as the Barnett, Fayetteville and 

Bakken, among others.  These volumes of past shale gas and shale oil production are not 

included in the above remaining reserve and undeveloped shale resource values. 

Advanced Resources has plans for performing a major update of its shale gas and shale 

oil resource base this year, incorporating emerging shale resource plays such as the 

Tuscaloosa Marine Shale in Louisiana, the Eaglebrine (Woodbine/Eagle Ford) in East Texas, 

and the Mancos Shale in the San Juan Basin. 
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Table B-1.  U.S. Remaining Shale Gas Reserves and Undeveloped Resources 
 

Remaining Remaining
Reserves and Reserves and 

Distinct Undeveloped Distinct Undeveloped
Plays Resources Plays Resources

(#) (Tcf) (#) (Billion Barrels)

1. Northeast
▪ Marcellus 8 369 2 0.8
▪ Utica 3 111 2 2.5
▪ Other 3 29 - -

2.  Southeast
▪ Haynesville 4 161 - -
▪ Bossier 2 57 - -
▪ Fayetteville 4 48 - -

3. Mid-Continent
▪ Woodford* 9 77 5 1.9
▪ Antrim 1 5 - -
▪ New Albany 1 2 - -

4.  Texas
▪ Eagle Ford 6 119 4 13.6
▪ Barnett** 5 72 2 0.4
▪ Permian*** 9 34 9 9.7

5. Rockies/Great Plains
▪ Niobrara**** 8 57 6 4.1
▪ Lewis 1 1 - -
▪ Bakken/Three Forks 6 19 5 14.7

TOTAL 70 1161 35 47.7

Resources Resources
Shale Gas Shale Oil

 

*Woodford includes Ardmore, Arkoma and Anadarko (Cana) basins. 
**Barnett includes the Barnett Combo. 
***Permian includes Avalon, Cline and Wolfcamp shales in the Delaware and Midland sub-basins. 
****Niobrara Shale play includes Denver, Piceance and Powder River basins. 
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June, 2013  Attachment C-1   

Continent Region Basin Formation
Risked Gas

In-Place
(Tcf)

Technically 
Recoverable

(Tcf)

Risked Oil
In-Place

(Billion bbl)

Technically 
Recoverable
(Billion bbl)

Muskwa/Otter Park 376 94 0 0.0
Evie/Klua 154 39 0 0.0

Cordova Muskwa/Otter Park 81 20 0 0.0
Liard Lower Besa River 526 158 0 0.0

Deep Basin Doig Phosphate 101 25 0 0.0
Alberta Basin Banff/Exshaw 5 0 11 0.3

East and West Shale Basin Duvernay 483 113 67 4.0
Deep Basin North Nordegg 72 13 20 0.8

NW Alberta Area Muskwa 142 31 42 2.1
Southern Alberta Basin Colorado Group 286 43 0 0.0

Williston Basin Bakken 16 2 22 1.6
Appalachian Fold Belt Utica 155 31 0 0.0

Windsor Basin Horton Bluff 17 3 0 0.0
Eagle Ford Shale 1,222 343 106 6.3
Tithonian Shales 202 50 0 0.0
Eagle Ford Shale 501 100 0 0.0

Tithonian La Casita 118 24 0 0.0
Tampico Pimienta 151 23 138 5.5

Tamaulipas 9 1 13 0.5
Pimienta 10 1 12 0.5

Veracruz Maltrata 21 3 7 0.3

Roseneath-Epsilon-Murteree (Nappamerri) 307 89 17 1.0
Roseneath-Epsilon-Murteree (Patchawarra) 17 4 9 0.4
Roseneath-Epsilon-Murteree (Tenappera) 1 0 3 0.1

Maryborough Goodwood/Cherwell Mudstone 64 19 0 0.0
Carynginia 124 25 0 0.0
Kockatea 44 8 14 0.5

Canning Goldwyer 1,227 235 244 9.7
L. Arthur Shale (Dulcie Trough) 41 8 3 0.1
L. Arthur Shale (Toko Trough) 27 5 22 0.9

M. Velkerri Shale 94 22 28 1.4
L. Kyalla Shale 100 22 65 3.3

Australia Australia

Cooper

Perth

Georgina

Beetaloo

North America

Canada

Mexico

Horn River

Burgos

Sabinas

Tuxpan
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Continent Region Basin Formation
Risked Gas

In-Place
(Tcf)

Technically 
Recoverable

(Tcf)

Risked Oil
In-Place

(Billion bbl)

Technically 
Recoverable
(Billion bbl)

Middle Magdalena Valley La Luna/Tablazo 135 18 79 4.8
Llanos Gacheta 18 2 13 0.6

Colombia/Venezuela Maracaibo Basin La Luna/Capacho 970 202 297 14.8
Los Molles 982 275 61 3.7

Vaca Muerta 1,202 308 270 16.2
Aguada Bandera 254 51 0 0.0

Pozo D-129 184 35 17 0.5
Austral-Magallanes Basin L. Inoceramus-Magnas Verdes 605 129 131 6.6

Parana Basin Ponta Grossa 16 3 0 0.0
Parana Basin Ponta Grossa 450 80 107 4.3

Solimoes Basin Jandiatuba 323 65 7 0.3
Amazonas Basin Barreirinha 507 100 19 0.8

Paraguay Ponta Grossa 46 8 14 0.5
Uruguay Cordobes 13 2 14 0.6

Paraguay/Bolivia Chaco Basin Los Monos 457 103 75 3.8
Chile Austral-Magallanes Basin Estratos con Favrella 228 48 47 2.3

Baltic Basin/Warsaw Trough Llandovery 532 105 25 1.2
Lublin Llandovery 46 9 0 0.0

Podlasie Llandovery 54 10 12 0.6
Fore Sudetic Carboniferous 107 21 0 0.0

Lithuania/Kaliningrad Baltic Basin Llandovery 24 2 29 1.4
West Siberian Central Bazhenov Central 1,196 144 965 57.9
West Siberian North Bazhenov North 725 141 278 16.7

Carpathian Foreland Basin L. Silurian 362 72 0 0.0
Dniepr-Donets L. Carboniferous 312 76 23 1.1

Ukraine/Romania L. Silurian 48 10 2 0.1
Romania/Bulgaria Etropole 148 37 8 0.4

N. UK Carboniferous Shale Region Carboniferous Shale 126 25 0 0.0
S. UK Jurassic Shale Region Lias Shale 8 1 17 0.7

Spain Cantabrian Jurassic 42 8 3 0.1
Lias Shale 24 2 38 1.5

Permian-Carboniferous 666 127 79 3.2
Southeast Basin Lias Shale 37 7 0 0.0

Posidonia 78 17 11 0.5
Wealden 2 0 3 0.1

Epen 94 15 47 2.4
Geverik Member 51 10 6 0.3

Posidonia 7 1 5 0.3
Sweden Alum Shale - Sweden 49 10 0 0.0
Denmark Alum Shale - Denmark 159 32 0 0.0

Paris Basin

Lower Saxony

West Netherlands Basin

Scandinavia Region

Western Europe

UK

France

Germany

Netherlands

Eastern Europe

Poland

Russia

Ukraine

Moesian Platform

South America

Colombia

Argentina

Brazil

Neuquen

San Jorge Basin

Parana Basin
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Continent Region Basin Formation
Risked Gas

In-Place
(Tcf)

Technically 
Recoverable

(Tcf)

Risked Oil
In-Place

(Billion bbl)

Technically 
Recoverable
(Billion bbl)

Tindouf L. Silurian 75 17 5 0.2
Tadla L. Silurian 20 3 0 0.0

Frasnian 496 106 78 3.9
Tannezuft 731 176 9 0.5

Illizi Tannezuft 304 56 13 0.5
Mouydir Tannezuft 48 10 0 0.0

Frasnian 50 9 5 0.2
Tannezuft 256 51 0 0.0
Frasnian 467 93 0 0.0
Tannezuft 295 59 0 0.0
Frasnian 94 16 6 0.2
Tannezuft 542 105 8 0.3

Tindouf Tannezuft 135 26 2 0.1
Tannezuft 45 11 1 0.0
Frasnian 69 12 28 1.4
Tannezuft 240 42 104 5.2
Frasnian 36 5 26 1.3

Sirte/Rachmat Fms 350 28 406 16.2
Etel Fm 298 45 51 2.0

Murzuq Tannezuft 19 2 27 1.3
Shoushan/Matruh Khatatba 151 30 17 0.7

Abu Gharadig Khatatba 326 65 47 1.9
Alamein Khatatba 17 1 14 0.6
Natrun Khatatba 42 3 36 1.4

Prince Albert 385 96 0 0.0
Whitehill 845 211 0 0.0

Collingham 328 82 0 0.0

Ghadames

Sirte

Karoo Basin

Ghadames/Berkine

Ahnet

Timimoun

Reggane

Ghadames
Africa

Morocco

Algeria

Tunisia

Libya

Egypt

South Africa
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Continent Region Basin Formation
Risked Gas

In-Place
(Tcf)

Technically 
Recoverable

(Tcf)

Risked Oil
In-Place

(Billion bbl)

Technically 
Recoverable
(Billion bbl)

Qiongzhusi 500 125 0 0.0
Longmaxi 1,146 287 0 0.0
Permian 715 215 0 0.0

L. Cambrian 181 45 0 0.0
L. Silurian 415 104 0 0.0

Niutitang/Shuijintuo 46 11 0 0.0
Longmaxi 28 7 1 0.0

Qixia/Maokou 40 10 5 0.2
Mufushan 29 7 0 0.0

Wufeng/Gaobiajian 144 36 5 0.2
U. Permian 8 2 1 0.1
L. Cambrian 176 44 0 0.0
L. Ordovician 377 94 0 0.0

M.-U. Ordovician 265 61 31 1.6
Ketuer 161 16 129 6.5

Pingdiquan/Lucaogou 172 17 109 5.4
Triassic 187 19 134 6.7

Songliao Basin Qingshankou 155 16 229 11.5
East Gobi Tsagaantsav 29 2 43 1.7
Tamtsag Tsagaantsav 26 2 43 1.7

Thailand Khorat Basin Nam Duk Fm 22 5 0 0.0
C. Sumatra Brown Shale 41 3 69 2.8
S. Sumatra Talang Akar 68 4 136 4.1

Naintupo 34 5 0 0.0
Meliat 25 4 1 0.0
Tabul 4 0 11 0.3

Kutei Balikpapan 16 1 17 0.7
Bintuni Aifam Group 114 29 0 0.0

Cambay Basin Cambay Shale 146 30 54 2.7
Krishna-Godavari Permian-Triassic 381 57 20 0.6

Cauvery Basin Sattapadi-Andimadam 30 5 8 0.2
Damodar Valley Barren Measure 27 5 5 0.2

Sembar 531 101 145 5.8
Ranikot 55 4 82 3.3

Hamad Batra 33 7 0 0.0
Wadi Sirhan Batra 2 0 4 0.1
SE Anatolian Dadas 130 17 91 4.6

Thrace Hamitabat 34 6 2 0.1

Total 31,138 6,634 5,799 286.9

Turkey

Tarakan

Lower Indus

Asia

China

Sichuan Basin

Yangtze Platform

Jianghan Basin

Greater Subei

Tarim Basin

Junggar Basin

Mongolia

Indonesia

India

Pakistan

Jordan
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Continent Region Basin Formation
Play 

Success 
Factor

Prospective 
Area Success 

Factor

Composite 
Success 
Factor

Muskwa/Otter Park 100% 75% 75%
Evie/Klua 100% 75% 75%

Cordova Muskwa/Otter Park 100% 60% 60%
Liard Lower Besa River 100% 50% 50%

Deep Basin Doig Phosphate 100% 50% 50%
Alberta Basin Banff/Exshaw 100% 40% 40%

East and West Shale Basin Duvernay 100% 70% 70%
Deep Basin North Nordegg 100% 50% 50%

NW Alberta Area Muskwa 100% 50% 50%
Southern Alberta Basin Colorado Group 80% 35% 28%

Williston Basin Bakken 100% 60% 60%
Appalachian Fold Belt Utica 100% 40% 40%

Windsor Basin Horton Bluff 100% 40% 40%
Eagle Ford Shale 100% 60% 60%
Tithonian Shales 60% 50% 30%
Eagle Ford Shale 80% 50% 40%

Tithonian La Casita 60% 30% 18%
Tampico Pimienta 70% 50% 35%

Tamaulipas 70% 50% 35%
Pimienta 70% 50% 35%

Veracruz Maltrata 70% 75% 53%

Roseneath-Epsilon-Murteree (Nappamerri) 100% 75% 75%
Roseneath-Epsilon-Murteree (Patchawarra) 100% 60% 60%
Roseneath-Epsilon-Murteree (Tenappera) 100% 60% 60%

Maryborough Goodwood/Cherwell Mudstone 75% 50% 38%
Carynginia 100% 60% 60%
Kockatea 100% 60% 60%

Canning Goldwyer 75% 40% 30%
L. Arthur Shale (Dulcie Trough) 75% 50% 38%
L. Arthur Shale (Toko Trough) 75% 50% 38%

M. Velkerri Shale 100% 50% 50%
L. Kyalla Shale 100% 50% 50%

Australia Australia

Cooper

Perth

Georgina

Beetaloo

North America

Canada

Horn River

Mexico

Burgos

Sabinas

Tuxpan
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Continent Region Basin Formation
Play 

Success 
Factor

Prospective 
Area Success 

Factor

Composite 
Success 
Factor

Middle Magdalena Valley La Luna/Tablazo 80% 70% 56%
Llanos Gacheta 55% 45% 25%

Colombia/Venezuela Maracaibo Basin La Luna/Capacho 70% 50% 35%
Los Molles 100% 50% 50%

Vaca Muerta 100% 60% 60%
Aguada Bandera 50% 40% 20%

Pozo D-129 60% 40% 24%
Austral-Magallanes Basin L. Inoceramus-Magnas Verdes 75% 60% 45%

Parana Basin Ponta Grossa 40% 30% 12%
Parana Basin Ponta Grossa 40% 30% 12%

Solimoes Basin Jandiatuba 50% 30% 15%
Amazonas Basin Barreirinha 50% 30% 15%

Paraguay Ponta Grossa 40% 30% 12%
Uruguay Cordobes 40% 40% 16%

Paraguay/Bolivia Chaco Basin Los Monos 50% 30% 15%
Chile Austral-Magallanes Basin Estratos con Favrella 75% 60% 45%

Baltic Basin/Warsaw Trough Llandovery 100% 40% 40%
Lublin Llandovery 60% 35% 21%

Podlasie Llandovery 60% 40% 24%
Fore Sudetic Carboniferous 50% 35% 18%

Lithuania/Kaliningrad Baltic Basin Llandovery 80% 40% 32%
West Siberian Central Bazhenov Central 100% 45% 45%
West Siberian North Bazhenov North 75% 35% 26%

Carpathian Foreland Basin L. Silurian 50% 40% 20%
Dniepr-Donets L. Carboniferous 50% 40% 20%

Ukraine/Romania L. Silurian 55% 40% 22%
Romania/Bulgaria Etropole 50% 35% 18%

N. UK Carboniferous Shale Region Carboniferous Shale 60% 35% 21%
S. UK Jurassic Shale Region Lias Shale 80% 40% 32%

Spain Cantabrian Jurassic 80% 50% 40%
Lias Shale 100% 50% 50%

Permian-Carboniferous 80% 40% 32%
Southeast Basin Lias Shale 60% 30% 18%

Posidonia 100% 60% 60%
Wealden 75% 60% 45%

Epen 75% 60% 45%
Geverik Member 75% 60% 45%

Posidonia 75% 60% 45%
Sweden Alum Shale - Sweden 60% 50% 30%
Denmark Alum Shale - Denmark 60% 40% 24%

Lower Saxony

Netherlands West Netherlands Basin

Scandinavia Region

Western Europe

UK

France
Paris Basin

Germany

Eastern Europe

Poland

Russia

Ukraine

Moesian Platform

South America

Colombia

Argentina

Neuquen

San Jorge Basin

Brazil

Parana Basin
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Continent Region Basin Formation
Play 

Success 
Factor

Prospective 
Area Success 

Factor

Composite 
Success 
Factor

Tindouf L. Silurian 50% 40% 20%
Tadla L. Silurian 50% 50% 25%

Frasnian 100% 50% 50%
Tannezuft 100% 50% 50%

Illizi Tannezuft 50% 40% 20%
Mouydir Tannezuft 50% 40% 20%

Frasnian 50% 40% 20%
Tannezuft 50% 40% 20%
Frasnian 50% 40% 20%
Tannezuft 50% 40% 20%
Frasnian 50% 40% 20%
Tannezuft 50% 40% 20%

Tindouf Tannezuft 50% 40% 20%
Tannezuft 100% 65% 65%
Frasnian 100% 65% 65%
Tannezuft 100% 50% 50%
Frasnian 100% 50% 50%

Sirte/Rachmat Fms 80% 50% 40%
Etel Fm 80% 50% 40%

Murzuq Tannezuft 100% 50% 50%
Shoushan/Matruh Khatatba 80% 60% 48%

Abu Gharadig Khatatba 80% 60% 48%
Alamein Khatatba 70% 35% 25%
Natrun Khatatba 70% 35% 25%

Prince Albert 50% 30% 15%
Whitehill 60% 40% 24%

Collingham 50% 30% 15%

Egypt

South Africa Karoo Basin

Tunisia Ghadames

Libya

Ghadames

Sirte

Africa

Morocco

Algeria

Ghadames/Berkine

Ahnet

Timimoun

Reggane
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Continent Region Basin Formation
Play 

Success 
Factor

Prospective 
Area Success 

Factor

Composite 
Success 
Factor

Qiongzhusi 100% 70% 70%
Longmaxi 100% 70% 70%
Permian 60% 50% 30%

L. Cambrian 80% 70% 56%
L. Silurian 80% 70% 56%

Niutitang/Shuijintuo 60% 40% 24%
Longmaxi 60% 40% 24%

Qixia/Maokou 50% 40% 20%
Mufushan 40% 30% 12%

Wufeng/Gaobiajian 40% 30% 12%
U. Permian 40% 30% 12%
L. Cambrian 50% 70% 35%
L. Ordovician 50% 65% 33%

M.-U. Ordovician 50% 50% 25%
Ketuer 50% 50% 25%

Pingdiquan/Lucaogou 60% 60% 36%
Triassic 60% 60% 36%

Songliao Basin Qingshankou 100% 50% 50%
East Gobi Tsagaantsav 40% 50% 20%
Tamtsag Tsagaantsav 40% 50% 20%

Thailand Khorat Basin Nam Duk Fm 50% 30% 15%
C. Sumatra Brown Shale 75% 60% 45%
S. Sumatra Talang Akar 50% 35% 18%

Naintupo 40% 50% 20%
Meliat 40% 50% 20%
Tabul 40% 50% 20%

Kutei Balikpapan 40% 40% 16%
Bintuni Aifam Group 40% 40% 16%

Cambay Basin Cambay Shale 100% 60% 60%
Krishna-Godavari Permian-Triassic 75% 60% 45%

Cauvery Basin Sattapadi-Andimadam 50% 50% 25%
Damodar Valley Barren Measure 80% 50% 40%

Sembar 40% 30% 12%
Ranikot 40% 30% 12%

Hamad Batra 100% 40% 40%
Wadi Sirhan Batra 100% 40% 40%
SE Anatolian Dadas 100% 60% 60%

Thrace Hamitabat 60% 60% 36%

India

Pakistan Lower Indus

Asia

China

Sichuan Basin

Yangtze Platform

Jianghan Basin

Greater Subei

Tarim Basin

Jordan

Turkey

Junggar Basin

Mongolia

Indonesia Tarakan
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SHALE GAS AND SHALE OIL RESOURCE 
ASSESSMENT METHODOLOGY 

INTRODUCTION 

This report sets forth Advanced Resources’ methodology for assessing the in-place and 

recoverable shale gas and shale oil resources for the EIA/ARI “World Shale Gas and Shale Oil 

Resource Assessment.”  The methodology relies on geological information and reservoir 

properties assembled from the technical literature and data from publically available company 

reports and presentations.  This publically available information is augmented by internal (non-

confidential) proprietary prior work on U.S. and international shale gas and shale oil resources 

by Advanced Resources International.   

The report should be viewed as an initial step toward future, more comprehensive 

assessments of shale gas and shale oil resources.  As additional exploration data are gathered, 

evaluated and incorporated, the assessments of shale oil and gas resources will become more 

rigorous. 

RESOURCE ASSESSMENT METHODOLOGY 

The methodology for conducting the basin- and formation-level assessments of shale 

gas  and shale oil resources includes the following five topics: 

1. Conducting preliminary geologic and reservoir characterization of shale basins and 
formation(s). 

2. Establishing the areal extent of the major shale gas and shale oil formations. 

3. Defining the prospective area for each shale gas and shale oil formation. 

4. Estimating the risked shale gas and shale oil in-place. 

5. Calculating the technically recoverable shale gas and shale oil resource. 

Each of these five shale gas and shale oil resource assessment steps is further 

discussed below.  The shale gas and shale oil resource assessment for Argentina’s Neuquen 

Basin is used to illustrate certain of these resource assessment steps. 
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1. Conducting Preliminary Geologic and Reservoir Characterization of Shale 
Basins and Formation(s).   

The resource assessment begins with the compilation of data from multiple public and 

private proprietary sources to define the shale gas and shale oil basins and to select the major 

shale gas and shale oil formations to be assessed.   The stratigraphic columns and well logs, 

showing the geologic age, the source rocks and other data, are used to select the major shale 

formations for further study, as illustrated in Figures 1 and 2 for the Neuquen Basin of 

Argentina.   

Preliminary geological and reservoir data are assembled for each major shale basin and 

formation, including the following key items: 

 Depositional environment of shale (marine vs non-marine) 

 Depth (to top and base of shale interval) 

 Structure, including major faults 

 Gross shale interval 

 Organically-rich gross and net shale thickness 

 Total organic content (TOC, by wt.) 

 Thermal maturity (Ro) 

These geologic and reservoir properties are used to provide a first order overview of the 

geologic characteristics of the major shale gas and shale oil formations and to help select the 

shale gas and shale oil basins and formations deemed worthy of more intensive assessment.   
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Figure 1: Prospective Shale Basins of  Argentina 
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Figure 2. Neuquen Basin Stratigraphy 

The Vaca Muerta and Los Molles are Jurassic-age shale formations. 

Modified from Howell, J., et al., 2005

LOS MOLLES FM

VACA MUERTA FM
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2. Establishing the Areal Extent of Major Shale Gas and Shale Oil Formations. 

Having identified the major shale gas and shale oil formations, the next step is to 

undertake more intensive study to define the areal extent for each of these formations.  For this, 

the study team searches the technical literature for regional as well as detailed, local cross-

sections identifying the shale oil and gas formations of interest, as illustrated by Figure 3 for the 

Vaca Muerta and Los Molles shale gas and shale oil formations in the Neuquen Basin.  In 

addition, the study team draws on proprietary cross-sections previously prepared by Advanced 

Resources and, where necessary, assembles well data to construct new cross-sections. 

The regional cross-sections are used to define the lateral extent of the shale formation in 

the basin and/or to identify the regional depth and gross interval of the shale formation. 

Figure 3: Neuquen Basin SW-NE Cross Section 

(Structural settings for the two shale gas and shale oil formations, Vaca Muerta and Los Molles) 

Mosquera et al., 2009

LOS MOLLES FM

VACA MUERTA FM

PALEOZOIC BASMENT
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Los Molles Gas 
Los Molles Oil 
Vaca Muerta Oil 
Vaca Muerta Gas

Vaca Muerta Hydrocarbon Migration Pathways

Los Molles Hydrocarbon Migration Pathways

LOS MOLLES FM

VACA MUERTA FM
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3. Defining the Prospective Area for Each Shale Gas and Shale Oil Formation. 

An important and challenging resource assessment step is to establish the portions of 

the basin that, in our view, are deemed to be prospective for development of shale gas and 

shale oil.  The criteria used for establishing the prospective area include: 

 Depositional Environment.  An important criterion is the depositional environment of 

the shale, particularly whether it is marine or non-marine.  Marine-deposited shales 

tend to have lower clay content and tend to be high in brittle minerals such as quartz, 

feldspar and carbonates.  Brittle shales respond favorably to hydraulic stimulation.  

Shales deposited in non-marine settings (lacustrine, fluvial) tend to be higher in clay, 

more ductile and less responsive to hydraulic stimulation.  

Figure 4 provides an illustrative ternary diagram useful for classifying the mineral 

content of the shale for the Marcellus Shale in Lincoln Co., West Virginia  

Figure 4.  Ternary Diagram of Shale Mineralogy (Marcellus Shale). 

Source: Modified from AAPG Bull. 4/2007, p. 494 & 495

JAF028263.PPT

Calcite (C) Clay (Cly)

Quartz (Q)
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 Depth.  The depth criterion for the prospective area is greater than 1,000 meters but 

less than 5,000 meters (3,300 feet to 16,500 feet).  Areas shallower than 1,000 

meters have lower reservoir pressure and thus lower driving forces for oil and gas 

recovery.  In addition, shallow shale formations have risks of higher water content in 

their natural fracture systems.  Areas deeper than 5,000 meters have risks of 

reduced permeability and much higher drilling and development costs. 

 Total Organic Content (TOC). In general, the average TOC of the prospective area 

needs to be greater than 2%.   Figure 5 provides an example of using a gamma ray 

log to identify the TOC content for the Marcellus Shale in the New York (Chenango 

Co.) portion of the Appalachian Basin. 

Organic materials such as microorganism fossils and plant matter provide the 

requisite carbon, oxygen and hydrogen atoms needed to create natural gas and oil.  

As such TOC and carbon type (Types I and II) are important measures of the oil 

generation potential of a shale formation. 

Figure 5.  Relationship of Gamma Ray and Total Organic Carbon 

Source: J. Reed, 2008

Beaver Meadow #1 Well, 
Chenango County, New York

• High TOC in Marcellus concentrates 
potassium-40 isotope, visible as high 
radioactivity (100 to 300 units) on 
gamma ray log.

• Gamma ray count correlates 
reasonably with TOC.

• The Beaver Meadow #1 well has 
approximately 150 feet of organically 
rich (TOC >3% by wt.) shale.

Top Marcellus ~1,300’

Organically 
Rich

Marcellus
~200’

JAF028263.PPT  
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 Thermal Maturity.  Thermal maturity measures the degree to which a formation has 

been exposed to high heat needed to break down organic matter into hydrocarbons.  

The reflectance of certain types of minerals (Ro%) is used as an indication of 

Thermal Maturity, Figure 6.  The thermal maturity of the oil prone prospective area 

has a Ro greater than 0.7% but less than 1.0%.  The wet gas and condensate 

prospective area has a Ro between 1.0% and 1.3%.   Dry gas areas typically have 

an Ro greater than 1.3%.  Where possible, we have identified these three 

hydrocarbon “windows”.    

Figure 6.  Thermal Maturation Scale 

 

 Geographic Location.  The prospective area is limited to the onshore portion of the 

shale gas and shale oil basin. 

The prospective area, in general, covers less than half of the overall basin area.  

Typically, the prospective area will contain a series of higher quality shale gas and shale oil 

areas, including a geologically favorable, high resource concentration “core area” and a series 

of lower quality and lower resource concentration extension areas.  However, this more detailed 

delineation of the prospective area is beyond the scope of this initial resource assessment. 
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Finally, shale gas and shale oil basins and formations that have very high clay content 

and/or have very high geologic complexity (e.g., thrusted and high stress) are assigned a high 

prospective area risk factor or are excluded from the resource assessment.  Subsequent, more 

intensive and smaller-scale (rather than regional-scale) resource assessments may identify the 

more favorable areas of a basin, enabling portions of the basin currently deemed non-

prospective to be added to the shale gas and shale oil resource assessment.  Similarly, 

advances in well completion practices may enable more of the very high clay content shale 

formations to be efficiently stimulated, also enabling these basins and formations to be added in 

future years to the resource assessment. 

The Neuquen Basin’s Vaca Muerta Shale illustrates the presence of three prospective 

areas - - oil, wet gas/condensate and dry gas, Figure 7. 

Figure 7.  Vaca Muerta Shale Gas and Shale Oil Prospective Areas, Neuquen Basin 
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A more detailed resource assessment, including in-depth appraisal of newly drilled 

exploration wells, with modern logs and rigorous core analyses, will be required to define the 

next levels of resource quality and concentration for the major international shale plays. 

4. Estimating the Risked Shale Gas and Shale Oil In-Place (OIP/GIP).   

Detailed geologic and reservoir data are assembled to establish the oil and gas in-place 

(OIP/GIP) for the prospective area.   

a.  Oil In-Place.  The calculation of oil in-place for a given areal extent (acre, square 

mile) is governed, to a large extent, by two key characteristics of the shale formation - - net 

organically-rich shale thickness and oil-filled porosity.  In addition, pressure and temperature 

govern the volume of gas in solution with the reservoir oil, defined by the reservoir’s formation 

volume factor. 

 Net Organically-Rich Shale Thickness.  The overall geologic interval that contains 

the organically-rich shale is obtained from prior stratigraphic studies of the formations 

in the basin being appraised.  The gross organically-rich thickness of the shale 

interval is established from log data and cross-sections, where available.  A net to 

gross ratio is used to account for the organically barren rock within the gross 

organically-rich shale interval and to estimate the net organically-rich thickness of the 

shale. 

 Oil- and Gas-Filled Porosity.  The study assembles porosity data from core and/or 

log analyses available in the public literature.  When porosity data are not available, 

emphasis is placed on identifying the mineralogy of the shale and its maturity for 

estimating porosity values from analogous U.S shale basins.  Unless other evidence 

is available, the study assumes the pores are filled with oil, including solution gas, 

free gas and residual water. 

 Pressure.  The study methodology places particular emphasis on identifying over-

pressured areas.  Over-pressured conditions enable a higher portion of the oil to be 

produced before the reservoir reaches its “bubble point” where the gas dissolved in 

the oil begins to be released.  A conservative hydrostatic gradient of 0.433 psi per 

foot of depth is used when actual pressure data is unavailable because water salinity 

data are usually not available. 



EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013  11  

 Temperature.  The study assembles data on the temperature of the shale formation.  

A standard temperature gradient of 1.25o F per 100 feet of depth and a surface 

temperature of 60o F are used when actual temperature data are unavailable. 

The above data are combined using established reservoir engineering equations and 

conversion factors to calculate OIP per square mile.   

OIP =   	  

 

A is area, in acres (with the conversion factors of 7,758 barrels per acre foot). 

h is net organically-rich shale thickness, in feet. 

 is porosity, a dimensionless fraction (the values for porosity are obtained from 
log or core information published in the technical literature or assigned by 
analogy from U.S. shale oil basins; the thermal maturity of the shale and its 
depth of burial can influence the porosity value used for the shale). 

(So) is the fraction of the porosity filled by oil (So) instead of water (Sw) or gas 

(Sg), a dimensionless fraction (the established value for porosity () is 
multiplied by the term (So) to establish oil-filled porosity; the value Sw defines 
the fraction of the pore space that is filled with water, often the residual or 
irreducible reservoir water saturation in the natural fracture and matrix 
porosity of the shale; shales may also contain free gas (Sg) in the pore 
space, further reducing oil-filled porosity. 

Boi is the oil formation gas volume factor that is used to adjust the oil volume in 

the reservoirs, typically swollen with gas in solution, to oil volume in stock-
tank barrels; reservoir pressure, temperature and thermal maturity (Ro) 

values are used to estimate the Boi value.  The procedures for calculating Boi 

are provided in standard reservoir engineering text.1,2  In addition, Boi  can be 
estimated from correlations (Copyright 1947 Chevron Oil Field Research) 
printed with permission in McCain, W.D., “The Properties of Petroleum Fluids, 
Second Edition (1990)”, p. 320.   

 

 

                                                            
1 Ramey, H.J., “Rapid Methods of Estimating Reservoir Compressibilities,” Journal of Petroleum Technology, April, 1964, pp. 
447-454. 
2 Vasquez, M., and Beggs, H.D., “Correlations for Fluid Physical Property Predictions,” Journal of Petroleum Technology, June 
1980, pp. 968-970. 

7758	 ∗ ∗ 	∅ ∗
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In general, the shale oil in the reservoir contains solution or associated gas.  A series of 

engineering calculations, involving reservoir pressure, temperature and analog data from U.S. 

shale oil formations are used to estimate the volume of associated gas in-place and produced 

along with the shale oil.  As the pressure in the shale oil reservoir drops below the bubble point, 

a portion of the solution gas separates from the oil creating a free gas phase in the reservoir.  At 

this point, both oil (with remaining gas in solution) and free gas are produced. 

b.  Free Gas In-Place.  The calculation of free gas in-place for a given areal extent 

(acre, square mile) is governed, to a large extent, by four characteristics of the shale formation  

- - pressure, temperature, gas-filled porosity and net organically-rich shale thickness. 

 Pressure.  The study methodology places particular emphasis on identifying areas 

with overpressure, which enables a higher concentration of gas to be contained 

within a fixed reservoir volume.  A conservative hydrostatic gradient of 0.433 psi per 

foot of depth is used when actual pressure data is unavailable. 

 Temperature.  The study assembles data on the temperature of the shale formation, 

giving particular emphasis on identifying areas with higher than average temperature 

gradients and surface temperatures.  A temperature gradient of 1.25o F per 100 feet 

of depth plus a surface temperature of 60o F are used when actual temperature data 

is unavailable. 

 Gas-Filled Porosity.  The study assembles the porosity data from core or log 

analyses available in the public literature.  When porosity data are not available, 

emphasis is placed on identifying the mineralogy of the shale and its maturity for 

estimating porosity values from analogous U.S shale basins.  Unless other evidence 

is available, the study assumes the pores are filled with gas and residual water. 

 Net Organically-Rich Shale Thickness.  The overall geologic interval that contains 

the organically-rich shale is obtained from prior stratigraphic studies of the formations 

in the basin being appraised.  The gross organically-rich thickness of the shale 

interval is established from log data and cross-sections, where available.  A net to 

gross ratio is used to account for the organically barren rock within the gross 

organically-rich shale interval and to estimate the net organically-rich thickness of the 

shale. 
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The above data are combined using established PVT reservoir engineering equations 

and conversion factors to calculate free GIP per acre.  The calculation of free GIP uses the 

following standard reservoir engineering equation:     

 

GIP =  
 

Where: Bg =
 

A is area, in acres (with the conversion factors of 43,560 square feet per acre 
and 640 acres per square mile). 

h is net organically-rich shale thickness, in feet. 

 is porosity, a dimensionless fraction (the values for porosity are obtained from 
log or core information published in the technical literature or assigned by 
analogy from U.S. shale gas basins; the thermal maturity of the shale and its 
depth of burial can influence the porosity value used for the shale). 

(Sg) is the fraction of the porosity filled by gas (Sg) instead of water (SW) or oil 

(So), a dimensionless fraction (the established value for porosity () is 
multiplied by the term (Sg) to establish gas-filled porosity; the value Sw 
defines the fraction of the pore space that is filled with water, often the 
residual or irreducible reservoir water saturation in the natural fracture and 
matrix porosity of the shale; liquids-rich shales may also contain condensate 
and/or oil (So) in the pore space, further reducing gas-filled porosity. 

P is pressure, in psi (pressure data is obtained from well test information 
published in the literature, inferred from mud weights used to drill through the 
shale sequence, or assigned by analog from U.S. shale gas basins; basins 
with normal reservoir pressure are assigned a conservative hydrostatic 
gradient of 0.433 psi per foot of depth; basins with indicated overpressure are 
assigned pressure gradients  of 0.5 to 0.6 psi per foot of depth; basins with 
indicated underpressure are assigned pressure gradients of 0.35 to 0.4 psi 
per foot of depth). 

T is temperature, in degrees Rankin (temperature data is obtained from well 
test information published in the literature or from regional temperature 
versus depth gradients; the factor 460 oF is added to the reservoir 
temperature (in oF) to provide the input value for the gas volume factor (Bg) 
equation). 

g

g

B

Sh )(A  * 560,43 
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Bg is the gas volume factor, in cubic feet per standard cubic feet and includes 

the gas deviation factor (z), a dimensionless fraction.  (The gas deviation 
factor (z) adjusts the ideal compressibility (PVT) factor to account for non-
ideal PVT behavior of the gas; gas deviation factors, complex functions of 
pressure, temperature and gas composition, are published in standard 
reservoir engineering text.) 

c.  Adsorbed Gas In-Place. In addition to free gas, shales can hold significant 

quantities of gas adsorbed on the surface of the organics (and clays) in the shale formation. 

A Langmuir isotherm is established for the prospective area of the basin using available 

data on TOC and on thermal maturity to establish the Langmuir volume (VL) and the Langmuir 

pressure (PL).   

Adsorbed gas in-place is then calculated using the formula below (where P is original 

reservoir pressure). 

GC = (VL * P) / (PL + P) 

The above gas content (GC) (typically measured as cubic feet of gas per ton of net 

shale) is converted to gas concentration (adsorbed GIP per square mile) using actual or typical 

values for shale density.  (Density values for shale are typically in the range of 2.65 gm/cc and 

depend on the mineralogy and organic content of the shale.) 

The estimates of the Langmuir value (VL) and pressure (PL) for adsorbed gas in-place 

calculations are based on either publically available data in the technical literature or internal 

(proprietary) data developed by Advanced Resources from prior work on various U.S. and 

international shale basins. 

In general, the Langmuir volume (VL) is a function of the organic richness and thermal 

maturity of the shale, as illustrated in Figure 8.  The Langmuir pressure (PL) is a function of how 

readily the adsorbed gas on the organics in the shale matrix is released as a function of a finite 

decrease in pressure.   

The free gas in-place (GIP) and adsorbed GIP are combined to estimate the resource 

concentration (Bcf/mi2) for the prospective area of the shale gas basin.  Figure 9 illustrates the 

relative contributions of free (porosity) gas and adsorbed (sorbed) gas to total gas in-place, as a 

function of pressure. 
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Figure 8.  Marcellus Shale Adsorbed Gas Content 

Adsorbed Gas Content: Lower TOC
(Gas Content in scf/ton vs pressure)

Adsorbed Gas Content: Higher TOC
(Gas Content in scf/ton vs pressure)

JAF028263.PPT  

 

Figure 9.  Combining Free and Adsorbed Gas for Total Gas In-Place 

Adsorption Isotherm (Gas Content vs. Pressure)

Shallow Gas Shales Deep Gas Shales

Total
Porosity
Sorbed
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b.  Establishing the Success/Risk Factors.  Two judgmentally established 

success/risk factors are used to estimate risked OIP and GIP within the prospective area of the 

shale oil and gas formation.  These two factors are as follows: 

 Play Success Probability Factor.  The shale gas and shale oil play success 

probability factor captures the likelihood that at least some significant portion of the 

shale formation will provide oil and/or gas at attractive flow rates and become 

developed.  Certain shale oil formations, such as the Duvernay Shale in Alberta, 

Canada, are already under development and thus would have a play probability 

factor of 100%.  More speculative shale oil formations with limited geologic and 

reservoir data may only have a play success probability factor of 30% to 40%.  As 

exploration wells are drilled, tested and produced and information on the viability of 

the shale gas and shale oil play is established, the play success probability factor will 

change. 

 Prospective Area Success (Risk) Factor:  The prospective area success (risk) factor 

combines a series of concerns that could relegate a portion of the prospective area 

to be unsuccessful or unproductive for shale gas and shale oil production.  These 

concerns include areas with high structural complexity (e.g., deep faults, upthrust 

fault blocks); areas with lower thermal maturity (Ro between 0.7% to 0.8%); the outer 

edge areas of the prospective area with lower net organic thickness; and other 

information appropriate to include in the success (risk) factor. 

The prospective area success (risk) factor also captures the amount of available 

geologic/reservoir data and the extent of exploration that has occurred in the 

prospective area of the basin to determine what portion of the prospective area has 

been sufficiently “de-risked”.  As exploration and delineation proceed, providing a 

more rigorous definition of the prospective area, the prospective area success (risk) 

factor will change. 

These two success/risk factors are combined to derive a single composite success 

factor with which to risk the OIP and GIP for the prospective area.  
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The history of shale gas and shale oil exploration has shown that with time the 

success/risk factors improve, particularly the prospective area success factor.  As exploration 

wells are drilled and the favorable shale oil reservoir settings and prospective areas are more 

fully established, it is likely that the assessments of the size of the shale gas and shale oil in-

place will change.   

6. Estimating the Technically Recoverable Resource.    

The technically recoverable resource is established by multiplying the risked OIP and 

GIP by a shale oil and gas recovery efficiency factor, which incorporates a number of geological 

inputs and analogs appropriate to each shale gas and shale oil basin and formation.  The 

recovery efficiency factor uses information on the mineralogy of the shale to determine its 

favorability for applying hydraulic fracturing to “shatter” the shale matrix and also considers 

other information that would impact shale well productivity, such as: presence of favorable 

micro-scale natural fractures; the absence of unfavorable deep cutting faults; the state of stress 

(compressibility) for the shale formations in the prospective area; and the extent of reservoir 

overpressure as well as the pressure differential between the reservoir original rock pressure 

and the reservoir bubble point pressure.  

Three basic shale oil recovery efficiency factors, incorporating shale mineralogy, 

reservoir properties and geologic complexity, are used in the resource assessment. 

 Favorable Oil Recovery.  A 6% recovery efficiency factor of the oil in-place is used 

for shale oil basins and formations that have low clay content, low to moderate 

geologic complexity and favorable reservoir properties such as an over-pressured 

shale formation and high oil-filled porosity. 

 Average Oil Recovery.  A 4% to 5% recovery efficiency factor of the oil in-place is 

used for shale gas basins and formations that have a medium clay content, 

moderate geologic complexity and average reservoir pressure and other properties. 

 Less Favorable Gas Recovery.  A 3% recovery efficiency factor of the oil in-place is 

used for shale gas basins and formations that have medium to high clay content, 

moderate to high geologic complexity and below average reservoir pressure and 

other properties. 
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A recovery efficiency factor of up to 8% may be applied in a few exceptional cases for 

shale areas with reservoir properties or established high rates of well performance.  A recovery 

efficiency factor of 2% is applied in cases of severe under-pressure and reservoir complexity. 

Attachment A provides information on oil recovery efficiency factors assembled for a 

series of U.S. shale oil basins that provide input for the oil recovery factors presented above. 

Three basic shale gas recovery efficiency factors, incorporating shale mineralogy, 

reservoir properties and geologic complexity, are used in the resource assessment. 

 Favorable Gas Recovery.  A 25% recovery efficiency factor of the gas in-place is 

used for shale gas basins and formations that have low clay content, low to 

moderate geologic complexity and favorable reservoir properties such as an 

overpressured shale formation and high gas-filled porosity. 

 Average Gas Recovery.  A 20% recovery efficiency factor of the gas in-place is used 

for shale gas basins and formations that have a medium clay content, moderate 

geologic complexity and average reservoir pressure and properties. 

 Less Favorable Gas Recovery.  A 15% recovery efficiency factor of the gas in-place 

is used for shale gas basins and formations that have medium to high clay content, 

moderate to high geologic complexity and below average reservoir properties. 

A recovery efficiency factor of 30% may be applied in exceptional cases for shale areas 

with exceptional reservoir performance or established rates of well performance.  A recovery 

efficiency factor of 10% is applied in cases of severe under-pressure and reservoir complexity.  

The recovery efficiency factors for associated (solution) gas are scaled to the oil recovery 

factors, discussed above. 

a.  Two Key Oil Recovery Technologies.  Because the native permeability of the shale 

gas reservoir is extremely low, on the order of a few hundred nano-darcies (0.0001 md) to a few 

milli-darcies (0.001 md), efficient recovery of the oil held in the shale matrix requires two key 

well drilling and completion techniques, as illustrate by Figure 10: 
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Figure 10.  Lower Damage, More Effective Horizontal Well Completions Provide Higher Reserves Per Well 

(1,500 foot horizontal well with 5 stage frac)

Initial Barnett Shale Well Completions

Latest Barnett Shale Well Completions

JAF028263.PPT

(3,000 foot horizontal well with 12 stage frac)

 

 Long Horizontal Wells.  Long horizontal wells (laterals) are designed to place the oil 

production well in contact with as much of the shale matrix as technically and 

economically feasible. 

 Intensive Well Stimulation.  Large volume hydraulic stimulations, conducted in 

multiple, closely spaced stages (up to 20), are used to “shatter” the shale matrix and 

create a permeable reservoir.  This intensive set of induced and propped hydraulic 

fractures provides the critical flow paths from the shale matrix to the horizontal well.  

Existing, small scale natural fractures (micro-fractures) will, if open, contribute 

additional flow paths from the shale matrix to the wellbore. 

The efficiency of the hydraulic well stimulation depends greatly on the mineralogy of the 

shale, as further discussed below. 
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b. Importance of Mineralogy on Recoverable Resources.  The mineralogy of the 

shale, particularly its relative quartz, carbonate and clay content, significantly determines how 

efficiently the induced hydraulic fracture will stimulate the shale, as illustrated by Figure 11: 

 Shales with a high percentage of quartz and carbonate tend to be brittle and will 

“shatter”, leading to a vast array of small-scale induced fractures providing numerous 

flow paths from the matrix to the wellbore, when hydraulic pressure and energy are 

injected into the shale matrix, Figure 11A. 

 Shales with a high clay content tend to be ductile and to deform instead of shattering, 

leading to relatively few induced fractures (providing only limited flow paths from the 

matrix to the well) when hydraulic pressure and energy are injected into the shale 

matrix, Figure 11B. 

Figure 11.  The Properties of the Reservoir Rock Greatly Influence the Effectiveness of Hydraulic 
Stimulations.    
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c. Significance of Geologic Complexity.  A variety of complex geologic features can 

reduce the shale gas and shale oil recovery efficiency from a shale basin and formation: 

 Extensive Fault Systems.  Areas with extensive faults can hinder recovery by limiting 

the productive length of the horizontal well, as illustrated by Figure 12. 

 Deep Seated Fault System.  Vertically extensive faults that cut through organically 

rich shale intervals can introduce water into the shale matrix, reducing relative 

permeability and flow capacity. 

 Thrust Faults and Other High Stress Geological Features. Compressional tectonic 

features, such as thrust faults and up-thrusted fault blocks, are an indication of basin 

areas with high lateral reservoir stress, reducing the permeability of the shale matrix 

and its flow capacity. 

Figure 12.  3D Seismic Helps Design Extended vs. Limited Length Lateral Wells 

Source: Newfield Exploration Company
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SUMMARY 

The step-by-step application of the above shale gas and shale oil resource assessment 

methodology leads to three key assessment values for each major shale oil and gas formation: 

 Shale Gas and Shale Oil In-place Concentration, reported in terms of billion cubic 

feet of shale gas per square mile or millions of barrels of shale oil per square mile.  

This key resource assessment value defines the richness of the shale gas and shale 

oil resource and its relative attractiveness compared to other gas and oil  

development options. 

 Risked Shale Gas and Shale Oil In-Place, reported in trillion cubic feet (Tcf) of shale 

gas and billion barrels (Bbbl) of shale oil for each major shale formation. 

 Risked Recoverable Gas and Oil, reported in trillion cubic feet (Tcf) of shale gas and 

billion barrels (Bbbl) of shale oil for each major shale formation. 

The risked recoverable shale gas and shale oil provide the important “bottom line” value 

that helps the reader understand how large is the prospective shale gas and shale oil resource 

and what impact this resource may have on the gas and oil options available in each region and 

country.   

Tables 1 and 2, for the Neuquen Basin and its Vaca Muerta Shale formation, provides a 

summary of the resource assessment conducted for one basin and one shale formation in 

Argentina including the risked, technically recoverable shale gas and shale oil, as follows: 

 308 Tcf of risked, technically recoverable shale gas resource, including 194 Tcf of 

dry gas, 91 Tcf of wet gas and 23 Tcf of associated gas, Table 1. 

 16.2 billion barrels of technically recoverable shale oil resource, including 2.6 billion 

barrels of condensate and 13.6 billion barrels of volatile/black oil, Table 2. 
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Table 1. Shale Gas Reservoir Properties and Resources of Argentina 

4,840 3,270 3,550
Organically Rich 500 500 500
Net 325 325 325
Interval 3,000 - 9,000 4,500 - 9,000 5,500 - 10,000
Average 5,000 6,500 8,000

Highly 
Overpress.

Highly 
Overpress.

Highly 
Overpress.

5.0% 5.0% 5.0%
0.85% 1.15% 1.50%

Low/Medium Low/Medium Low/Medium

Assoc. Gas Wet Gas Dry Gas

66.1 185.9 302.9

192.0 364.8 645.1

23.0 91.2 193.5
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Table-2. Shale Oil Reservoir Properties and Resources of Argentina 

4,840 3,270

Organically Rich 500 500
Net 325 325
Interval 3,000 - 9,000 4,500 - 9,000
Average 5,000 6,500

Highly 
Overpress.

Highly 
Overpress.

5.0% 5.0%
0.85% 1.15%

Low/Medium Low/Medium

Oil Condensate

77.9 22.5

226.2 44.2

13.57 2.65
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ATTACHMENT A 

 

ESTABLISHING OIL RECOVERY EFFICIENCY FACTORS FOR THE 
INTERNATIONAL “TIGHT OIL” STUDY 

INTRODUCTION 

The information assembled in Attachment A provides support for the oil recovery 

efficiency factors to be used by the International “Tight Oil” Resource Study being conducted for 

the U.S. Energy Information Administration by Advanced Resources International, Inc. 

DATA BASE 

The Advanced Resources proprietary data base used to establish analog values for the 

oil recovery efficiency factor in the International “Tight Oil” Resource Study consists of 28 “tight 

oil” plays in seven U.S. shale and tight sand/lime basins. 

Table A-1 provides a listing of the 28 U.S. “tight oil” plays included in the analysis as well 

as key geological and reservoir properties that influence oil recovery efficiency, such as: (1) 

reservoir pressure; (2) thermal maturity; and (3) the formation volume factor. 

In addition, Table A-1 provides information on the geologic age of the “tight oil” formation 

which influences its depositional style.  In general, the 28 U.S. “tight oil” plays have deep marine 

depositions with low to moderate clay content. 

ANALYTIC RESULTS 

Table A-2 provides the oil recovery efficiency factor estimated for each of the 28 U.S. 

“tight oil” plays in the data base. 

 The oil in-place, shown in thousand barrels per square mile, is calculated from the 

data on Table A-1 as well as from data in Advanced Resources proprietary 

unconventional gas data base. 

 The oil recovery, also shown in thousand barrels per square mile, is from “type 

curves” based calculations of oil recovery per well times the number of wells 

expected to be drilled per square mile. 
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 The oil recovery efficiency, shown as a percent, is calculated by dividing oil recovery 

by oil in-place. 

FINDINGS AND OBSERVATIONS 

A closer look at the oil recovery efficiency data on Table A-2 leads to the following 

findings and observations: 

 The oil recovery efficiency values range from about 1% to 9%, with an un-weighted 

average of about 3.5%. 

 Taking out five of the extremely low oil recovery efficiency plays (which we would 

classify as non-productive) - - Mississippi Lime (Eastern Oklahoma Ext.), Mississippi 

Lime (Kansas Ext.), Delaware Wolfcamp (Texas Ext.),  D-J Niobrara (North Ext. #2), 

and D-J Niobrara (East Ext.), raises the average oil recovery efficiency to 4.1%. 

 Six of the U.S. “tight oil” plays have oil recovery factors that range from about 8% to 

about 9%. 

 Four of the U.S. “tight oil” plays have oil recovery factors that range from about 4% to 

about 6%. 

 Twelve of the U.S. “tight oil” plays have oil recovery factors that range from about 2% 

to about 3%. 

A number of actions could change these initial estimates of oil recovery efficiency in 

future years, including: (1) use of closer well spacing; (2) continued improvements in oil 

recovery technology, including use of longer laterals and more frac stages; (3) completion of 

more of the vertical net  pay encountered by the wellbore; and (4) development of the lower 

productivity portions of each play area. 
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Table A-1.  Tight Oil Data Base Used for Establishing Oil Recovery Efficiency Factors 

Basin Formation/Play Age Reservoir Pressure

Thermal 

Maturity 

(% Ro)

Formation 

Volume Factor 

(Boi)

Bakken ND Core Mississippian‐Devonian Overpressured 0.80% 1.35

Bakken ND Ext. Mississippian‐Devonian Overpressured 0.80% 1.58

Bakken MT Mississippian‐Devonian Overpressured 0.75% 1.26

Three Forks ND Devonian Overpressured 0.85% 1.47

Three Forks MT Devonian Overpressured 0.85% 1.27

Eagle Ford Play #3A Late Cretaceous Overpressured 0.90% 1.75

Eagle Ford Play #3B Late Cretaceous Overpressured 0.85% 2.01

Eagle Ford Play #4A Late Cretaceous Overpressured 0.75% 1.57

Eagle Ford Play #4B Late Cretaceous Overpressured 0.70% 1.33

Barnett Combo ‐ Core Mississippian Slightly Overpressured 0.90% 1.53

Barnett Combo ‐ Ext. Mississippian Slightly Overpressured 0.80% 1.41

Del. Avalon/BS (NM) Permian Slightly Overpressured 0.90% 1.70

Del. Avalon/BS (TX) Permian Slightly Overpressured 0.90% 1.74

Del. Wolfcamp (TX Core) Permian‐Pennsylvanian Slightly Overpressured 0.92% 1.96

Del. Wolfcamp (TX Ext.) Permian‐Pennsylvanian Slightly Overpressured 0.92% 1.79

Del. Wolfcamp (NM Ext.) Permian‐Pennsylvanian Slightly Overpressured 0.92% 1.85

Midl. Wolfcamp Core Permian‐Pennsylvanian Overpressured 0.90% 1.67

Midl. Wolfcamp Ext. Permian‐Pennsylvanian Overpressured 0.90% 1.66

Midl. Cline Shale Pennsylvanian Overpressured 0.90% 1.82

Cana Woodford ‐ Oil Upper Devonian Overpressured 0.80% 1.76

Miss. Lime ‐ Central OK Core Mississippian Normal 0.90% 1.29

Miss. Lime ‐ Eastern OK Ext. Mississippian Normal 0.90% 1.20

Miss. Lime ‐ KS Ext. Mississippian Normal 0.90% 1.29

Appalachian Utica Shale ‐ Oil Ordovician Slightly Overpressured 0.80% 1.46

D‐J Niobrara Core Late Cretaceous Normal 1.00% 1.57

D‐J Niobrara East Ext. Late Cretaceous Normal 0.70% 1.26

D‐J Niobrara North Ext. #1 Late Cretaceous Normal 0.70% 1.37

D‐J Niobrara North Ext. #2 Late Cretaceous Normal 0.65% 1.28

D‐J

Williston

Maverick

Ft. Worth

Permian

Anadarko
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Table A-2.  Oil Recovery Efficiency for 28 U.S. Tight Oil Plays 

(Black Oil, Volatile Oil and Condensates) 

Basin Formation/Play Age
Oil In‐Place

(MBbls/Mi2)

Oil

Recovery

(MBbls/Mi2)

Oil 

Recovery 

Efficiency

(%)

Bakken ND Core Mississippian‐Devonian 12,245 1,025 8.4%

Bakken ND Ext. Mississippian‐Devonian 9,599 736 7.7%

Bakken MT Mississippian‐Devonian 10,958 422 3.9%

Three Forks ND Devonian 9,859 810 8.2%

Three Forks MT Devonian 10,415 376 3.6%

Eagle Ford Play #3A Late Cretaceous 22,455 1,827 8.1%

Eagle Ford Play #3B Late Cretaceous 25,738 2,328 9.0%

Eagle Ford Play #4A Late Cretaceous 45,350 1,895 4.2%

Eagle Ford Play #4B Late Cretaceous 34,505 2,007 5.8%

Barnett Combo ‐ Core Mississippian 25,262 377 1.5%

Barnett Combo ‐ Ext. Mississippian 13,750 251 1.8%

Del. Avalon/BS (NM) Permian 34,976 648 1.9%

Del. Avalon/BS (TX) Permian 27,354 580 2.1%

Del. Wolfcamp (TX Core) Permian‐Pennsylvanian 35,390 1,193 3.4%

Del. Wolfcamp (TX Ext.) Permian‐Pennsylvanian 27,683 372 1.3%

Del. Wolfcamp (NM Ext.) Permian‐Pennsylvanian 21,485 506 2.4%

Midl. Wolfcamp Core Permian‐Pennsylvanian 53,304 1,012 1.9%

Midl. Wolfcamp Ext. Permian‐Pennsylvanian 46,767 756 1.6%

Midl. Cline Shale Pennsylvanian 32,148 892 2.8%

Cana Woodford ‐ Oil Upper Devonian 11,413 964 8.4%

Miss. Lime ‐ Central OK Core Mississippian 28,364 885 3.1%

Miss. Lime ‐ Eastern OK Ext. Mississippian 30,441 189 0.6%

Miss. Lime ‐ KS Ext. Mississippian 21,881 294 1.3%

Appalachian Utica Shale ‐ Oil Ordovician 42,408 906 2.1%

D‐J Niobrara Core Late Cretaceous 33,061 703 2.1%

D‐J Niobrara East Ext. Late Cretaceous 30,676 363 1.2%

D‐J Niobrara North Ext. #1 Late Cretaceous 28,722 1,326 4.6%

D‐J Niobrara North Ext. #2 Late Cretaceous 16,469 143 0.9%

D‐J

Williston

Maverick

Ft. Worth

Permian

Anadarko
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II. MEXICO 

SUMMARY 

Mexico has excellent potential for developing its shale gas and oil resources stored in 

marine-deposited, source-rock shales distributed along the onshore Gulf of Mexico region.   

Figure II-1.  Onshore Shale Gas  and Shale Oil Basins of Eastern Mexico’s Gulf of Mexico Basins. 

 

Source: ARI, 2013. 
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Technically recoverable shale resources, estimated at 545 Tcf of natural gas and 13.1 

billion barrels of oil and condensate, are potentially larger than the country’s proven 

conventional reserves, Table II-1.  The best documented play is the Eagle Ford Shale of the 

Burgos Basin, where oil- and gas-prone windows extending south from Texas into northern 

Mexico have an estimated 343 Tcf and 6.3 billion barrels of risked, technically recoverable shale 

gas and shale oil resource potential, Table II-2.   

Further to the south and east within Mexico, the shale geology of the onshore Gulf of 

Mexico Basin becomes structurally more complex and the shale development potential is less 

certain.  The Sabinas Basin has an estimated 124 Tcf of risked, technically recoverable shale 

gas resources within the Eagle Ford and La Casita shales, but the basin is faulted and folded.  

The structurally more favorable Tampico, Tuxpan, and Veracruz basins add another 28 Tcf and 

6.8 billion barrels of risked, technically recoverable shale gas and shale oil potential from 

Cretaceous and Jurassic marine shales.  These shales are prolific source rocks for Mexico’s 

conventional onshore and offshore fields in this area.  Shale drilling has not yet occurred in 

these southern basins. 

PEMEX envisions commercial shale gas production being initiated in 2015 and 

increasing to around 2 Bcfd by 2025, with the company potentially investing $1 billion to drill 750 

wells.  However, PEMEX’s initial shale exploration wells have been costly ($20 to $25 million 

per well) and have provided only modest initial gas flow rates (~3 million ft3/d per well with steep 

decline).  Mexico’s potential development of its shale gas and shale oil resources could be 

constrained by several factors, including potential limits on upstream investment, the nascent 

capabilities of the local shale service sector, and public security concerns in many shale areas.  
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Table II-1.  Shale Gas Reservoir Properties and Resources of Mexico 

Tithonian Shales Eagle Ford Shale Tithonian La Casita
U. Jurassic M. - U. Cretaceous U. Jurassic

Marine Marine Marine

600 10,000 6,700 6,700 9,500 9,500

Organically Rich 200 200 300 500 500 800
Net 160 160 210 200 400 240
Interval 3,300 - 4,000 4,000 - 16,400 6,500 - 16,400 7,500 - 16,400 5,000 - 12,500 9,800 - 13,100
Average 3,500 7,500 10,500 11,500 9,000 11,500

Highly 
Overpress.

Highly 
Overpress.

Highly 
Overpress.

Highly Overpress. Underpress. Underpress.

5.0% 5.0% 5.0% 3.0% 4.0% 2.0%
0.85% 1.15% 1.60% 1.70% 1.50% 2.50%
Low Low Low Low Low Low

Assoc. Gas Wet Gas Dry Gas Dry Gas Dry Gas Dry Gas

21.7 74.4 190.9 100.3 131.9 69.1

7.8 446.4 767.5 201.6 501.0 118.1

0.9 111.6 230.2 50.4 100.2 23.6

R
es
er
vo

ir
 

P
ro
p
e
rt
ie
s Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

Burgos

(24,200 mi2)

Eagle Ford Shale
M. - U. Cretaceous

Marine

P
h
y
si
ca
l 
Ex
te
n
t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

Depositional Environment

B
as
ic
 D
a
ta Basin/Gross Area

Shale Formation
Geologic Age

R
e
so
u
rc
e

Gas Phase

GIP Concentration (Bcf/mi2)

Risked GIP (Tcf)

Risked Recoverable (Tcf)

Sabinas

(35,700 mi2)

 

 

Tamaulipas Pimienta
L. - M. Cretaceous Jurassic

Marine Marine

9,000 3,050 1,550 1,000 1,000 560 400

Organically Rich 500 500 500 300 500 300 300
Net 200 200 200 210 200 150 150
Interval 3,300 - 8,500 4,000 - 8,500 7,000 - 9,000 6,000 - 9,500 6,600 - 10,000 9,800 - 12,000 10,000 - 12,500
Average 5,500 6,200 8,000 7,900 8,500 11,000 11,500

Normal Normal Normal Normal Normal Normal Normal

3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0%
0.85% 1.15% 1.40% 0.85% 0.90% 0.85% 1.40%
Low Low Low Low Low Low/Medium Low/Medium

Assoc. Gas Wet Gas Dry Gas Assoc. Gas Assoc. Gas Assoc. Gas Dry Gas

18.6 44.7 83.0 25.5 27.2 22.4 70.0

58.5 47.7 45.0 8.9 9.5 6.6 14.7

4.7 9.5 9.0 0.7 0.8 0.5 2.9

R
es
er
vo

ir
 

P
ro
p
er
ti
e
s Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

P
h
y
si
ca
l E
xt
en

t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

Depositional Environment

B
as
ic
 D
at
a Basin/Gross Area

Shale Formation
Geologic Age

R
e
so
u
rc
e

Gas Phase

GIP Concentration (Bcf/mi2)

Risked GIP (Tcf)

Risked Recoverable (Tcf)

Marine

Tampico

(26,900 mi2)

Tuxpan

(2,810 mi2)

Veracruz

(9,030 mi2)

Pimienta
Jurassic

Maltrata
U. Cretaceous

Marine
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Table II-2.  Shale Oil Reservoir Properties and Resources of Mexico 

Veracruz

(9,030 mi2)

Tamaulipas Pimienta Maltrata
L. - M. Cretaceous Jurassic U. Cretaceous

Marine Marine Marine

600 10,000 9,000 3,050 1,000 1,000 560

Organically Rich 200 200 500 500 300 500 300
Net 160 160 200 200 210 200 150
Interval 3,300 - 4,000 4,000 - 16,400 3,300 - 8,500 4,000 - 8,500 6,000 - 9,500 6,600 - 10,000 9,800 - 12,000
Average 3,500 7,500 5,500 6,200 7,900 8,500 11,000

Highly Overpress. Highly Overpress. Normal Normal Normal Normal Normal

5.0% 5.0% 3.0% 3.0% 3.0% 3.0% 3.0%
0.85% 1.15% 0.85% 1.15% 0.85% 0.90% 0.85%
Low Low Low Low Low Low Low/Medium

Oil Condensate Oil Condensate Oil Oil Oil

43.9 15.0 37.9 17.3 36.4 33.0 23.5

15.8 89.8 119.4 18.5 12.7 11.5 6.9

0.95 5.39 4.78 0.74 0.51 0.46 0.28

R
e
se
rv
o
ir
 

P
ro
p
er
ti
e
s Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

Burgos

(24,200 mi2)

Eagle Ford Shale
M. - U. Cretaceous

Marine

P
h
y
si
ca
l 
E
xt
en

t

Prospective Area (mi2)

Thickness (ft)

Depth (ft)

Depositional Environment

B
as
ic
 D
a
ta Basin/Gross Area

Shale Formation
Geologic Age

R
es
o
u
rc
e Oil Phase

OIP Concentration (MMbbl/mi2)

Risked OIP (B bbl)

Risked Recoverable (B bbl)

Tampico

(26,900 mi2)

Pimienta
Jurassic
Marine

Tuxpan

(2,810 mi2)

 

 

INTRODUCTION 

Mexico has large, geologically prospective shale gas and shale oil resources in the 

northeastern part of the country within the onshore portion of the greater Gulf of Mexico Basin, 

Figure II-1.  These thick, organic-rich shales of marine origin correlate with productive Jurassic 

and Cretaceous shale deposits in the southern United States, notably the Eagle Ford and 

Haynesville shales, Figure II-2.1  To date, Mexico’s national oil company PEMEX has drilled at 

least six shale gas/oil exploration wells with modest results.  The company plans to accelerate 

shale activity during the next few years, budgeting 6.8 billion pesos (575 million USD) in 2014. 

Whereas Mexico’s marine-deposited shales appear to have good rock quality, the 

geologic structure of its sedimentary basins often is considerably more complex than in the 

USA.  Compared with the broad and gently dipping shale belts of Texas and Louisiana, 

Mexico’s coastal shale zone is narrower, less continuous and structurally more disrupted.  

Regional compression and thrust faulting related to the formation of the Sierra Madre Ranges 

have squeezed Mexico’s coastal plain, creating a series of discontinuous sub-basins.2  Many of 

Mexico’s largest conventional oil and gas fields also occur in this area, producing from 

conventional sandstone reservoirs of Miocene and Pliocene age that were sourced by deep, 

organic-rich and thermally mature Jurassic and Cretaceous-age shales.  These deep source 

rocks are the principal targets for shale gas/oil exploration in Mexico. 
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Figure II-2.  Cross-Section of Shale Targets in Eastern Mexico. 

 

Source: Escalera Alcocer, 2012. 

Improved geologic data coverage collected since ARI’s initial 2011 estimate indicates 

that Mexico’s prospective areas for shale gas -- particularly in the structurally more complex 

basins – are slightly smaller than previously mapped.  Furthermore, several of the previously 

mapped dry gas areas are now known to be within the wet gas to oil thermal maturity windows.  

On the other hand, geologic risk factors have been reduced due to the demonstration of the 

presence of productive hydrocarbons and improved geologic control.  On an overall energy-

equivalent basis, our updated estimate of Mexico’s shale resources is about 10% lower than our 

earlier 2011 estimate (624 Tcfe in this study vs 681 Tcf previously). 

PEMEX has identified some 200 shale gas resource opportunities in five geologic 

provinces in eastern Mexico, Figure II-3.  According to the company, prospective regions 

include 1) Paleozoic shale gas in Chihuahua region; 2) Cretaceous shale gas in the Sabinas-

Burro-Picachos region; 3) Cretaceous shale gas in the Burgos Basin; 4) Jurassic shale gas in 

Tampico-Misantla; and 5) unspecified shale gas potential in Veracruz.  
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Figure II-3.  PEMEX Map Identifying Mexico’s Shale Gas Potential (November 2012) 

 

Source: PEMEX, 2012b. 

PEMEX’s initial internal evaluation estimated 150 Tcf (P90) to 459 Tcf (P10) of 

recoverable shale gas resources, with a median estimate of 297 Tcf.  In 2012 PEMEX updated 

its shale gas and shale oil resource assessment to 141.5 Tcf of shale gas (comprising 104.7 Tcf 

dry and 36.8 Tcf wet) and 31.9 billion barrels of shale oil and condensate. 

Initial shale gas and shale oil exploration began in Mexico in late 2011.  PEMEX has 

drilled at least six wells in the Eagle Ford Shale play in northern Mexico to date, but the 

southern shale basins have not yet been tested.  Despite some areas with favorable shale 

geology, Mexico faces significant obstacles to shale development.  The country’s upstream oil 

industry is largely closed to foreign investment.  None of the shale-discovering independent 

E&P’s, which unlocked the North American shale plays, are active in Mexico.  And, well services 

for shale development are costlier than in the U.S. and Canada.   
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Onshore eastern Mexico contains a series of medium-sized basins and structural highs 

(platforms) within the larger western Gulf of Mexico Basin.3   These structural features contain 

organic-rich marine shales of Jurassic and Cretaceous age that appear to be the most 

prospective for shale gas and oil development.  The arcuate coastal shale belt includes the 

Burgos, Sabinas, Tampico, Tuxpan Platform, and Veracruz basins and uplifts.  Because 

detailed geologic maps of these areas generally are not readily available, ARI constructed the 

general pattern of shale depth and thickness from a wide range of published local-scale maps 

and structural cross-sections. 

Many of Mexico’s shale basins are too deep in their center for shale gas and shale oil 

development (>5 km), while their western portions tend to be overthrusted and structurally 

complex.  However, the less deformed eastern portions of these basins and adjacent shallower 

platforms are structurally more simple.  Here, the most prospective areas for shale gas and 

shale oil development are buried at suitable depths of 1 km to 5 km over large areas. 

Pyrolysis geochemistry, carbon isotope studies, and biomarker analysis of oil and gas 

fields identify three major Mesozoic hydrocarbon source rocks in Mexico’s Gulf Coast Basin: the 

Upper Cretaceous (Turonian to Santorian), Lower-Mid Cretaceous (Albian-Cenomanian), and -- 

most importantly – Upper Jurassic (Tithonian), the latter having sourced an estimated 80% of 

the conventional oil and gas discovered in this region.4  These targets, particularly the Tithonian, 

also appear to have the greatest potential for shale gas development, Figure II-4. 

The following sections discuss the shale gas and shale oil geology of the individual sub-

basins and platforms along eastern Mexico’s onshore Gulf of Mexico Basin.  The basins 

discussed start in northern Mexico near the Texas border moving to the south and southeastern 

regions close to the Yucatan Peninsula.  
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Figure II-4.  Stratigraphy of Jurassic and Cretaceous rocks in the Gulf of Mexico Basin, Mexico and USA.   

Shale gas targets are highlighted. 

 

Modified from Salvador and Quezada-Muneton, 1989.
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1. BURGOS BASIN (Eagle Ford and Tithonian Shales)   

1.1   Geologic Setting 

Located in northeastern Mexico’s Coahuila state, directly south of the Rio Grande River, 

the Burgos Basin covers an onshore area of approximately 24,200 mi2, excluding its extension 

onto the continental shelf of the Gulf of Mexico, Figure II-5. The Burgos Basin is the southern 

extension of the Maverick Basin in Texas, the latter hosting the productive Eagle Ford and 

Pearsall shale plays.   

The Burgos Basin expanded during the Early Jurassic and developed into a restricted 

carbonate platform, with thick salt accumulations that later formed a regional structural 

detachment as well as isolated diapirs.  Structural deformation took place during the late 

Cretaceous Laramide Orogeny, resulting in some degree of faulting and tilting within the Burgos 

Basin.  However, this tectonic event was focused more on the Sabinas Basin and Sierra Madre 

Oriental, while the Burgos remains structurally relatively simple and favorable for shale 

development.5  Thick Tertiary-age clastic non-marine deposits overlie the Jurassic and 

Carbonate marine sequences, reflecting later alternating transgressions and regressions of sea 

level in northeastern Mexico.6 

The two most prospective shale targets in Mexico are present in the Burgos Basin: the 

Cretaceous (mainly Turonian) Eagle Ford Shale play and the Jurassic (mainly Tithonian) La 

Casita and Pimienta formations, Figure II-6.  The Eagle Ford Shale in Mexico is the direct 

extension of its commercially productive Texas equivalent, whereas the La Casita and Pimienta 

formations correlate with the productive Haynesville Shale of the East Texas Basin.  The La 

Casita is believed to be the main source rock for conventional Tertiary clastic reservoirs 

(Oligocene Frio and Vicksburg) in the southeastern Burgos Basin, with oil transported via deep-

seated normal faults.7 

1.2   Reservoir Properties (Prospective Area) 

Eagle Ford Shale.  Based on analogy with the Eagle Ford Shale in Texas, industry and 

ARI considers the Eagle Ford Shale in the Burgos Basin to be Mexico’s top-ranked shale 

prospect.  The Eagle Ford Shale is continuous across the western margin of the Burgos Basin, 

where the overall formation interval ranges from 100 to 300 m thick (average 200 m).8  

Recognizing the sparse regional depth and thickness control on the Eagle Ford Shale in the 
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Burgos Basin,9 we relied on a recent PEMEX shale map to estimate a prospective area of 

17,300 mi2, slightly less than our previous estimate of 18,100 mi2, comprising three distinct 

areas where the shale lies within the 1 km to 5 km depth window, Figure II-5.  The eastern 

onshore portion of the Burgos Basin is excluded as the shale is deeper than 5 km.   

Figure II-5.  Burgos Basin Outline and Shale Gas and Shale Oil Prospective Areas. 

 

Source: ARI, 2013. 
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Figure II-6.  Stratigraphic Cross-Section Along the Western Margin of the Burgos Basin.   

Section is flattened on top Cretaceous. 
The Eagle Ford Shale (EF) here ranges from about 100 to 300 m thick (average 200 m). 

          A                                                                                  A’ 

 

Modified from Horbury et al., 2003.

Net organically-rich shale thickness within the prospective area ranges from 200 to 300 

ft.  Total organic content (TOC) is estimated to average 5%.  Vitrinite reflectance (Ro) ranges 

from 0.85% to 1.6% depending on depth.  Over-pressured reservoir conditions are common in 

this basin and a pressure gradient of 0.65 psi/ft was assumed.  The surface temperature in this 

region averages approximately 20°C, while the geothermal gradient typically is 23°C/km.  

Porosity is not known but assumed to be comparable to the Texas Eagle Ford Shale play at 

about 10%. 

La Casita and Pimienta (Tithonian) Shales.  Several thousand feet deeper than the 

Eagle Ford Shale, the La Casita and Pimienta shales (Upper Jurassic Tithonian) are considered 

the principal source rocks in the western Burgos Basin.  Extrapolating from the structure of the 

younger Eagle Ford, the average depth of the Tithonian Shale is 11,500 ft, with a prospective 

range of 5,000 to 16,400 ft.  Gross formation thicknesses can be up to 1,400 ft, with an 

organically rich net pay of about 200 ft.  TOC of 2.6% to 4.0%, averaging 3.0%, consists mainly 

of Type II kerogen that appears to be entirely within the dry gas window (1.30% Ro) with little to 

no liquids potential.10  Reservoir pressure and temperature conditions are similar to those in the 

Eagle Ford Shale play. 
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1.3   Resource Assessment 

Eagle Ford Shale.  Within its 17,300-mi2 prospective area, the Eagle Ford Shale 

exhibits a high resource concentration of up to 191 Bcf/mi2.  Risked shale gas in-place (OGIP) 

totals 1,222 Tcf with risked shale oil in-place (OOIP) of 106 billion barrels.  Risked, technically 

recoverable resources are estimated to be 343 Tcf of shale gas and 6.3 billion barrels of shale 

oil and condensate. 

Tithonian Shale.  Within the high-graded prospective area of 6,700 mi2, the Tithonian 

La Casita and Pimienta shales are estimated to have approximately 50 Tcf of risked, technically 

recoverable dry gas resources from 202 Tcf of risked gas in-place.  Resource concentration is 

about 100 Bcf/mi2. 

1.4   Recent Activity 

PEMEX initiated conventional exploration in the Burgos Basin in 1942, discovering some 

227 mostly natural gas fields in this basin to date.  Currently, there are about 3,500 active 

natural gas wells producing in the Burgos Basin.  These conventional reservoirs typically have 

low permeability with rapidly declining gas production.  Due to restrictions on upstream oil and 

gas investment in Mexico, PEMEX is the only company that has conducted shale exploration 

activity in the Burgos Basin to date.   

PEMEX made its first shale discovery in the Burgos Basin during late 2010 and early 

2011, drilling the Emergente-1 shale gas well located a few kilometers south at the 

Texas/Coahuila border on a continuation of the Eagle Ford Shale trend from Texas.  This initial 

horizontal well was drilled to a vertical depth of about 2,500 m and employed a 2,550-m lateral 

(although another source reported 1,364-m).  Following a 17-stage fracture stimulation, the $20-

25 million well tested at a modest initial rate of 2.8 million ft3/day (time interval not reported), 

which would not be economic at current gas prices.11 

As of its last report (November 2012), PEMEX had drilled four shale gas exploration 

wells in the Eagle Ford play of the Burgos Basin with one shale exploration well in the Sabinas 

basin, reporting initial production for three wells.  These wells include the Nómada-1 well 

situated in the oil window, the Habano-1 well (IP 2.771 million ft3/day gas with 27 bbl/day crude) 

and the Montañés-1 well in the wet gas window of the Burgos Basin.  The dry gas window in the 

Burgos Basin was tested by the Emergente-1.  The Percutor-1 (IP 2.17 million ft3/day) tested the 
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dry gas window in the Sabinas Basin.  PEMEX has announced also drilled and produced gas 

from the Arbolero-1 well (3.2 million ft3/day), the first test of the Jurassic shale in this basin.12  

PEMEX plans to drill up to 75 shale exploration wells in the Burgos Basin through 2015.   

2. SABINAS BASIN (Eagle Ford and Tithonian Shales)   

2.1   Geologic Setting 

The Sabinas is one of Mexico’s largest onshore marine shale basins, extending over a 

total area of 35,700 mi2 in the northeast part of the country, Figure II-7.  The basin initially 

expanded during Jurassic time with a northeast-southwest trending structural fabric and was 

later strongly affected by the Late Cretaceous Laramide Orogeny.  Structurally complex, the 

Sabinas Basin has been deformed into a series of tight, NW-SE trending, evaporate-cored folds 

of Laramide origin called the Sabinas Foldbelt.  Dissolution of Lower Jurassic salt during early 

Tertiary time introduced a further overprint of complex salt-withdrawal tectonics.13  Much of the 

Sabinas Basin is too structurally deformed for shale gas development, but a small area on the 

northeast side of the basin is more gently folded and may be prospective. 

Petroleum source rocks in the Sabinas Basin include the Cretaceous Olmos 

(Maastrichtian) and Eagle Ford Shale (Turonian) formations and the Late Jurassic (Tithonian) 

La Casita Formation.  The latter two units contain marine shales with good petrophysical 

characteristics for shale development.14  In contrast, the Olmos Formation is primarily a non-

marine coaly unit that, while a good source rock for natural gas15 as well as a coalbed methane 

exploration target in its own right,16 appears to be too ductile for shale development. 

2.2   Reservoir Properties (Prospective Area) 

Eagle Ford Shale.  The Eagle Ford Shale is distributed across the NW, NE, and central 

portions of the Sabinas Basin.  The target is the 300-m thick sequence of black shales 

rhythmically interbedded with sandy limestone and carbonate-cemented sandstone.  We 

estimated a 500-ft thick organic-rich interval with 400 feet of net pay.  We considered the Eagle 

Ford Shale in the Maverick Basin of South Texas as the analog for reservoir properties, using a 

TOC of 4% and a thermal maturity of 1.50% (Ro).  Our estimate of porosity was increased to 5% 

based on the rock fabric and correlation with the Texas Eagle Ford Shale analog.  The average 

depth for the prospective Eagle Ford is approximately 9,000 feet.  Based on reported data, 

mostly from coal mining areas, we use a slightly under-pressured gradient of 0.35 psi/ft for the 

Sabinas Basin. 
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Figure II-7.  Sabinas Basin Outline and Shale Gas Prospective Area. 

 

Source: ARI, 2013. 
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La Casita Formation.  This Tithonian-age unit, regarded as the primary hydrocarbon 

source rock in the Sabinas Basin, consists of organic-rich shales deposited in a deepwater 

marine environment.  The La Popa sub-basin is one of numerous sub-basins within the Sabinas 

Basin, Figure II-8.17,18  The La Popa is a rifted pull-apart basin that contains thick source rock 

shales.  Up to 370 m of black carbonaceous limestone is present overlying several km of 

evaporitic gypsum and halite.  Total shale thickness in the La Casita ranges from 60 m to 800 

m.  Thick (300 m) and prospective La Casita Fm shales have been mapped at depths of 2,000 

to 3,000 m in the central Sabinas Basin.  Nearby, a thicker sequence (400-700 m) was mapped 

at greater depth (3,000 to 4,000 m). 

The high-graded prospective area for the La Casita Formation averages 11,500 ft deep, 

about 2,500 ft deeper than the Eagle Ford Shale.  The La Casita Formation averages about 240 

ft of net pay thickness within an 800-ft thick organic-rich interval and has 2.0% average TOC 

that is gas prone (2.5% Ro).  Our estimate of porosity in the La Casita was increased to 5% 

based on the rock fabric and correlation with the deep Texas and Louisiana Haynesville Shale 

analog. 

2.3   Resource Assessment 

Eagle Ford Shale.  The Eagle Ford Shale unit is the larger shale gas target in the 

Sabinas Basin, with an estimated 100 Tcf of technically recoverable shale gas resource out of 

501 Tcf of risked shale gas in-place within the 9,500-mi2 prospective area.  The average 

resource concentration is high at 132 Bcf/mi2. 

La Casita Formation.  The secondary target in the Sabinas Basin, the underlying La 

Casita Formation, has an estimated 24 Tcf of technically recoverable shale gas out of 118 Tcf of 

risked shale gas in-place.  Its resource concentration is estimated at 69 Bcf/mi2. 

2.4   Recent Activity 

PEMEX has drilled one shale gas exploration well in the Sabinas Basin, confirming the 

continuation of the Eagle Ford Shale play.  The Percutor-1 horizontal well, completed in March 

2012, produced dry gas from a sub-surface depth of 3,330-3,390 m.  The well’s initial production 

rate was a modest 2.17 million ft3/day (measurement time interval not specified), with production  

reportedly declining rapidly. 
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Figure II-8.  Geologic Map of the La Popa Sub-Basin, Southeastern Portion of the Sabinas Basin.   

Note the numerous detachment and salt-controlled folds. 

 

Source: Hudson and Hanson, 2010. 
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3. TAMPICO BASIN (Pimienta Shale)   

3.1   Geologic Setting 

Bounded on the west by the fold-and-thrust belt of the Sierra Madre Oriental (Laramide) 

and on the east by the Tuxpan platform, the Tampico-Mizatlan Basin extends north from the 

Santa Ana uplift to the Tamaulipas arch north of Tampico, Figure II-9.  At the northern margin of 

the basin is an arch, limited by a series of faults extending south from the Tamaulipas arch. 

Figure II-9.  Prospective Pimienta Formation (Tithonian) Shale, Tampico Basin. 

 

Source: ARI, 2013. 
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The principal source rock in the Tampico Basin is the Upper Jurassic (Tithonian) 

Pimienta Shale, Figure II-10.  Although quite deep over much of the basin, the Pimienta reaches 

shale-prospective depths of 1,400 to 3,000 m in the south where three uplifted structures occur.  

The 40-km long, NE-SW trending Piedra de Cal anticline in the southwest Bejuco area has 

Pimienta Shale cresting at 1,600-m depth.  The 20-km long, SW-NE trending Jabonera syncline 

in southeast Bejuco has maximum shale depth of 3,000 m in the east and minimum depth of 

about 2,400 m in the west.  A system of faults defines the Bejuco field in the center of the area.  

Two large areas (Llano de Bustos and La Aguada) lack upper Tithonian shale deposits. 

Figure II-10.  Structural Cross-Section of the Tampico Basin 

 

Source: Escalera Alcocer, 2012. 

3.2   Reservoir Properties 

Near the city of Tampico, some 50 conventional wells have penetrated organic-rich 

shales of the Pimienta Formation at depths of about 1,000 to 3,000 m.  Three distinct thermal 

maturity windows (dry gas, wet gas, and oil) occur from west to east, reflecting the gentle 

structural dip angle in this basin.  Average shale depth ranges from 5,500 to 8,000 ft.  Excluding 

the paleo highs, the prospective area of the Pimienta Shale totals approximately 13,600 mi2.  

Detailed shale thickness data are not available, but the Pimienta Fm here generally ranges from 

200 m thick to as little as 10 m thick on paleo highs.  We estimate an average net shale 

thickness of about 200 ft, out of the total organically rich interval of 500 ft within the prospective 

area.  Average net shale TOC is estimated at 3%, with average thermal maturity ranging from 

0.85% to 1.4% Ro. 
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3.3   Resource Assessment 

The Pimienta Shale in the Tampico Basin holds an estimated 23 Tcf and 5.5 billion 

barrels of risked, technically recoverable shale gas and shale oil resources, out of risked OOIP 

and OGIP of 151 Tcf and 138 billion barrels, respectively.  The shale gas resource 

concentration averages 19 to 83 Bcf/mi2 while the shale oil concentration averages 17 to 38 

million bbl/mi2.  

3.4   Recent Activity 

PEMEX reported that it is evaluating the shale geology of the Tampico Basin and plans 

to drill up to 80 shale exploration wells through 2015.19 

 

4. TUXPAN PLATFORM (Pimienta and Tamaulipas Shales) 

4.1   Geologic Setting 

The Tuxpan Platform, located southeast of the Tampico Basin, is a subtle basement 

high that is capped with a well-developed Early Cretaceous carbonate platform.20  A particularly 

prospective and relatively well defined shale gas deposit is located in the southern Tuxpan 

Platform.  Approximately 50 km south of the city of Tuxpan, near Poza Rica, a dozen or so 

conventional petroleum development wells in the La Mesa Syncline area penetrated thick 

organic-rich shales of the Pimienta (Tithonian) and Tamaulipus (Lower Cretaceous) 

Formations.21   

A detailed cross-section of the Tuxpan Platform shows thick Lower Cretaceous and 

Upper Jurassic source rocks dipping into the Gulf of Mexico Basin, Figure II-11.  These source 

rocks reach prospective depths of 2,500 m.  Thermal maturity ranges from oil- to gas-prone. 

4.2   Reservoir Properties (Prospective Area) 

Pimienta Fm.  The organically rich portion of the Jurassic Pimienta Shale averages 

about 500 ft thick in the high-graded area, with net thickness estimated at 200 ft.  However, 

southeast of Poza Rica some areas the shale is thin or absent, probably due to submarine 

erosion or lack of deposition, Figure 12.  The gamma ray log response in the organic-rich 

Pimienta Shale indicates moderate TOC of 3.0%, which is in the oil to wet gas window (average 

Ro of 0.9%).  Depth ranges from 6,600 to 10,000 ft, averaging about 8,500 ft. 
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Tamaulipas Fm.  The Lower Cretaceous Tamaulipas Fm spans a depth range of 6,000 

to 9,500, averaging about 7,900 ft.  The organic-rich interval averages 300 ft thick, with net pay 

estimated at about 210 ft.  TOC is estimated to be 3.0%.  The average thermal maturity is 

slightly lower than for the deeper Pimienta, at 0.85% Ro. 

Figure II-11.  Cross-Section of the Tuxpan Platform.   

B                                                                                                  B’ 

 

Modified from Salvador, 1991c. 

 

Modified from 
Salvador, 1991c 
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Figure II-12.  Potentially Prospective Shale Gas and Shale Oil Areas of the Tuxpan Platform. 

 

Source: ARI, 2013. 
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4.3   Resource Assessment 

Pimienta Fm.  In the Tuxpan Platform, the prospective area of the Pimienta Fm shale is 

estimated to be approximately 1,000 mi2.  Risked, technically recoverable resources are 

estimated to be about 1 Tcf of shale gas and 0.5 billion barrels of shale oil and condensate.  

Risked shale resource in-place is estimated at 10 Tcf and 12 billion barrels. 

Tamaulipas Fm.   Due to limited data on the younger Tamaulipas Fm the same 

prospective area of the Pimienta Shale was assumed (1,000 mi2).  The Tamaulipas Shale is 

estimated to have risked technically recoverable resources of about 1 Tcf of shale gas and 0.5 

billion barrels of shale oil and condensate, out of risked shale resources in-place of 9 Tcf and 13 

billion barrels. 

4.4   Recent Activity 

No shale gas or oil exploration activity has been reported on the Tuxpan Platform. 
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5. VERACRUZ BASIN (Maltrata Shale) 

5.1   Geologic Setting 

The Veracruz Basin extends over an onshore area of 9,030 mi2, near its namesake city.  

The basin’s western margin is defined by thrusted Mesozoic carbonates (early Tertiary 

Laramide Orogeny) of the Cordoba Platform and Sierra Madre Oriental, Figure II-13.  The basin 

is asymmetric in cross section, with gravity showing the deepest part along the western margin, 

Figure II-14.22  The basin comprises several major structural elements, from west to east: the 

Buried Tectonic Front, Homoclinal Trend, Loma Bonita Anticline, Tlacotalpan Syncline, Anton 

Lizardo Trend, and the highly deformed Coatzacoalcos Reentrant in the south.23 

A recent shale exploration map released by PEMEX indicates the prospective area of 

the Veracruz Basin is much smaller than previously assumed in the 2011 EIA/ARI study.  This is 

because the shale is shown to be dipping at a steeper angle than previously mapped.  In 

addition, both shale gas and oil thermal maturity windows are present. 

5.2   Reservoir Properties (Prospective Area) 

Maltrata Fm. The Upper Cretaceous (Turonian) Maltrata Formation is a significant 

source rock in the Veracruz Basin, containing an estimated 300 ft of organic-rich, shaly marine 

limestone.  TOC ranges from 0.5% to 8%, averaging approximately 3%, and consists of Type II 

kerogen.  Thermal maturity ranges from oil-prone (Ro averaging 0.85%) within the oil window at 

depths of less than 11,000 ft, to gas-prone (Ro averaging 1.4%) within the gas window at 

average depths below 11,500 ft. 

5.3   Resource Assessment   

Maltrata Fm.  Whereas we previously had assumed that 90% of the Veracruz Basin 

(8,150 mi2) is in a favorable depth range, based on available cross-sectional data, the new 

PEMEX map indicates that the true prospective area in the Veracruz Basin could be much 

smaller, perhaps only 960 mi2.  This yields a reduced estimate of 3 Tcf and 0.3 billion barrels of 

risked technically recoverable shale gas and shale oil resources for the Maltrata Formation in 

the Veracruz Basin, out of 21 Tcf and 7 billion barrels of risked shale gas and shale oil in-place. 
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5.4   Recent Activity   

PEMEX plans to drill up to 10 shale exploration wells in the Veracruz Basin in the next 

three years.  

Figure II-13.  Veracruz Basin Outline and Shale Gas and Shale Oil Prospective Area. 

 

Source: ARI, 2013. 

Figure II-14.  Veracruz Basin Cross Section Showing the Maltrata Shale  

 

Source: Escalera Alcocer, 2012. 
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IV. NORTHERN SOUTH AMERICA   

SUMMARY 

Northern South America has prospective shale gas and shale oil potential within marine-

deposited Cretaceous shale formations in three main basins: the Middle Magdalena Valley and 

Llanos basins of Colombia, and the Maracaibo/Catatumbo basins of Venezuela and Colombia, 

Figure IV-1.   The organic-rich Cretaceous shales (La Luna, Capacho, and Gacheta) sourced 

much of the conventional gas and oil produced in Colombia and western Venezuela, and are 

similar in age to the Eagle Ford and Niobrara shale plays in the USA.  Ecopetrol, 

ConocoPhillips, ExxonMobil, Shell, and others have initiated shale exploration in Colombia.  

Colombia’s petroleum fiscal regime is considered attractive to foreign investment. 

Figure IV-1: Prospective Shale Basins of Northern South America 

Source: ARI 2013 
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For the current EIA/ARI assessment, the Maracaibo-Catatumbo Basin was re-evaluated 

while new shale resource assessments were undertaken on the Middle Magdalena Valley and 

Llanos basins.  Technically recoverable resources (TRR) of shale gas and shale oil in northern 

South America are estimated at approximately 222 Tcf and 20.2 billion bbl, Tables IV-1 and IV-

2.  Colombia accounts for 6.8 billion barrels and 55 Tcf of risked TRR, while western Venezuela 

has 13.4 billion barrels and 167 Tcf.  Eastern Venezuela may have additional potential but was 

not assessed due to lack of data. 

Colombia’s first publicly disclosed shale well logged 230 ft of over-pressured La Luna 

shale with average 14% porosity.  More typically, the black shales within the La Luna and 

Capacho formations total about 500 ft thick, 10,000 ft deep, calcareous, and average 2-5% 

TOC.  Thermal maturity comprises oil, wet-gas, and dry-gas windows (Ro 0.7-1.5%).  Shale 

formations in the Llanos and Maracaibo/Catatumbo basins have not yet been tested but also 

have good shale oil and gas potential.   

INTRODUCTION 

As first highlighted in EIA/ARI’s 2011 assessment, Colombia and Venezuela both have 

excellent potential for shale oil and gas..  In particular, Colombia’s shale potential appears 

considerably brighter today based on the results of initial shale drilling as well as the entry of 

major oil companies (ConocoPhillips, ExxonMobil, and Shell) as well as several smaller 

companies. 

Colombia’s Agencia Nacional de Hidrocarburos (ANH) regulates oil and gas exploration 

and development.  The country’s model contract for unconventional gas includes 8-year 

exploration and 24-year production terms.  Preferential terms are in place for shale gas 

investment, including a 40% reduction in royalties and higher oil prices.  In 2011 the National 

University of Colombia conducted a shale gas resource evaluation for ANH, estimating a total 

33 Tcf of potential in the Eastern Cordillera, Eastern Llanos and Caguan-Putumayo regions.  

The study and methodology have not been disclosed; apparently shale oil resources were not 

assessed.  ANH conducted Colombia’s first auction of shale gas blocks in 2012.    
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Table IV-1: Northern South America Shale Gas Reservoir Properties and Resources. 

Llanos

(84,000 mi2)

Gacheta
U. Cretaceous

Marine

2,390 200 1,820 7,280 4,290 5,840

Organically Rich 1,000 1,000 600 1,000 1,000 1,000
Net 300 300 210 500 500 500
Interval 3,300 - 16,400 3,300 - 10,000 13,000 - 16,400 5,000 - 15,000 5,500 - 15,000 6,000 - 15,000
Average 10,000 8,000 14,500 10,000 11,000 12,000

Highly 
Overpress.

Highly 
Overpress.

Mod. Overpress. Normal Normal Normal

5.0% 5.0% 2.0% 5.0% 5.0% 5.0%
0.85% 1.15% 0.85% 0.85% 1.15% 1.60%
Low Low Low Low Low Low

Assoc. Gas Wet Gas Assoc. Gas Assoc. Gas Wet Gas Dry Gas

88.0 150.3 40.4 71.8 176.1 255.7

117.8 16.8 18.2 183.0 264.4 522.6

14.1 4.2 1.8 18.3 52.9 130.7

Middle Magdalena Valley

(13,000 mi2)

Maracaibo/Catatumbo

(23,000 mi2)

La Luna/Tablazo
U. Cretaceous

Marine

La Luna/Capacho
U. Cretaceous

Marine

R
e
se
rv
o
ir
 

P
ro
p
e
rt
ie
s Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

R
e
so
u
rc
e

Gas Phase

GIP Concentration (Bcf/mi2)

Risked GIP (Tcf)

Risked Recoverable (Tcf)

P
h
ys
ic
a
l 
Ex
te
n
t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

B
as
ic
 D
a
ta Basin/Gross Area

Shale Formation
Geologic Age

Depositional Environment

 
 

Table IV-2: Northern South America Shale Oil Reservoir Properties and Resources. 

Llanos

(84,000 mi2)

Gacheta
U. Cretaceous

Marine

2,390 200 1,820 7,280 4,290

Organically Rich 1,000 1,000 600 1,000 1,000
Net 300 300 210 500 500
Interval 3,300 - 16,400 3,300 - 10,000 13,000 - 16,400 5,000 - 15,000 5,500 - 15,000
Average 10,000 8,000 14,500 10,000 11,000

Highly 
Overpress.

Highly 
Overpress.

Mod. Overpress. Normal Normal

5.0% 5.0% 2.0% 5.0% 5.0%
0.85% 1.15% 0.85% 0.85% 1.15%
Low Low Low Low Low

Oil Condensate Oil Oil Condensate

57.0 26.1 28.0 92.3 41.0

76.3 2.9 12.6 235.1 61.6

4.58 0.18 0.63 11.75 3.08

Maracaibo/Catatumbo

(23,000 mi2)

La Luna/Capacho
U. Cretaceous

Marine

Middle Magdalena Valley

(13,000 mi2)

La Luna/Tablazo
U. Cretaceous

Marine

R
es
er
v
o
ir
 

P
ro
p
er
ti
es Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

R
es
o
u
rc
e

Oil Phase

OIP Concentration (MMbbl/mi2)

Risked OIP (B bbl)

Risked Recoverable (B bbl)

P
h
y
si
ca
l E
xt
en

t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

B
as
ic
 D
at
a Basin/Gross Area

Shale Formation
Geologic Age

Depositional Environment
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Venezuela’s government and oil companies have not disclosed shale oil or shale gas 

exploration activities, although the potential in western Venezuela appears to be large and of 

high quality.  Overall, three main basins are present in northern South America that contain 

prospective marine-deposited shales and were assessed in this report, Figure IV-2.  These 

basins include: 

 Middle Magdalena Valley Basin (Colombia): The focus of shale exploration leasing 

and drilling activity in the region thus far, the MMVB near Bogota also is Colombia’s 

main conventional onshore production area.  It contains thick deposits of the organic-rich 

Cretaceous La Luna Formation, mostly in the oil to wet gas windows. 

 Llanos Basin (Colombia): This large basin in eastern Colombia has prospective 

Gacheta Formation source rock shales of Cretaceous age that are equivalent to the La 

Luna Fm.  TOC and Ro generally appear low, but the western foothills region may be 

richer and more thermally mature. 

 Maracaibo/Catatumbo Basin (Venezuela and Colombia): One of South America’s 

richest petroleum basins, the Maracaibo (Venezuela) and Catatumbo (Colombia) basins 

have extensive oil and gas potential in thick, widespread Cretaceous La Luna Shale.  

 A fourth basin, the Putamayo Basin in southern Colombia, also may contain shale 

potential but was not assessed due to lack of data.  The Putamayo contains organic-rich 

Cretaceous shales in the Macarena Group.1  While relatively shallow (3,000 ft) in this up-

thrusted basin-edge location, the Macarena shales deepen towards the center of the 

basin where they may become less faulted.  Hydraulic fracturing already is being used in 

the Putamayo Basin for conventional reservoirs.2   
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Figure IV-2: Stratigraphic Chart Showing Source Rocks And Conventional Reservoirs In Northern 

South America. 
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1. MIDDLE MAGDALENA VALLEY BASIN (COLOMBIA) 

1.1 Introduction and Geologic Setting 

The 13,000-mi2 Middle Magdalena Valley Basin (MMVB) is a north-south trending inter-

montane basin in central Colombia, situated between the Eastern and Central cordilleras and 

located 150 miles north of Bogota, Figure IV-3.  The MMVB is Colombia’s most explored 

conventional oil and gas producing basin, with over 40 discovered oil fields that produce mainly 

from Tertiary sandstone reservoirs.  Although within the Andes Mountains region, with its 

complex tectonics including numerous thrust and extensional faults, the interior of the MMVB 

has simpler structure with relatively flat surface topography, Figure IV-4.3  The western side of 

the basin is structurally more complex and overthrusted, Figure IV-5.4 

Figure IV-3: Middle Magdalena Valley Basin, Shale-Prospective Areas and Shale Exploration 

 
Source: ARI 2013 
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Figure IV-4: Schematic Cross-Section of the Middle Magdalena Valley Basin Showing U. Cretaceous Umir 

and La Luna And L. Cretaceous Simiti Shales Totaling 750-1,000 Ft Thick (Correlate With Eagle Ford Shale). 

Source: Sintana Energy, Q3 2012 
 

Figure IV-5: Schematic Cross-Section of Western Margin of the Middle Magdalena Valley Basin in Central 
Colombia, Showing Thrusted Fault Blocks with La Luna Shale. 

Source: Platino Energy, 2013 
 

The Cretaceous La Luna Formation is the principal source rock in the MMVB.  A marine-

deposited black shale, the organic-rich La Luna was formed in a widespread epicontinental sea 

and is time-equivalent (Santonian) with the Niobrara Shale in the USA.5  However, 

sedimentation and facies distribution of the La Luna Fm were strongly controlled by the paleo-

topography, while post-depositional tectonics caused erosional events that truncated its 

thickness in places.  For example, much of the Campanian and lower Maastrichtian sections 

were eroded in the southern Upper Magdalena Valley and Putumayo Basins.6 

The La Luna Formation comprises three members: the Salada, Pujamana, and 

Galembo.7  The most organic-rich (3-12% TOC) is the 150-m thick Salada Member, which 

consists of hard, black, thinly bedded and finely laminated limy shales (40% CaCO3), along with 

thin interbeds of black fine-grained limestone.  Pyrite veins and concretions are common, as are 
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planktonic (but not benthonic) foraminifera and radiolaria.  The lower-TOC Pujamana Member 

consists of gray to black, thinly bedded and calcareous shale (43% CaCO3).  The 220-m thick 

Galembo Member has moderate TOC (1-4%) and also consists of black, thinly bedded, 

calcareous shale, but with only thin argillaceous limestone interbeds.  The Galembo also has 

abundant blue to black chert beds.8   The underlying Cretaceous Tablazo/Rosablanca Fm, 

about 480-920 ft thick, also contains high TOC (2-8%) that is in the oil to wet gas windows (Ro 

0.6% to 1.2%).   

1.2 Reservoir Properties (Prospective Area) 

The 1,000-ft thick Cretaceous La Luna Formation ranges from 3,000 ft to slightly over 

15,000 ft deep across the Middle Magdalena Valley Basin.  However, the La Luna is truncated 

in places by an erosional unconformity, which juxtaposes Paleogene La Paz Fm on top, Figure 

IV-6.  The La Luna shale is organic rich (average 5%) with mainly Type II kerogen.9  We 

mapped a larger (2,390-mi2) oil-prone prospective window for the La Luna shale, with a much 

smaller (200 mi2) wet gas window to the south (Ro 0.7% to 1.2%). 

Calgary-based Canacol Energy Ltd. has noted that the La Luna and Tablazo/ 

Rosablanca shales are 4,000 to 12,000 ft deep across its blocks in the MMVB .  The La Luna 

ranges from 1,200 to 1,800 ft thick while the underlying Tablazo/Rosablanca is 480 to 920 ft 

thick.  TOC of the two units ranges from 2% to 8% and is mostly at oil-prone thermal maturity 

(Ro 0.6% to 1.2%).  Shale porosity is estimated by Canacol to be 3% to 14%.10  In 2012 Canacol 

drilled the Mono Arana-1 well on its VMM 2 block, where it is partnered with ExxonMobil.  The 

well tested shallow conventional targets as well as deeper shale and carbonate potential in the 

La Luna and Tablazo oil source rocks.  Heavy mud, up to 16.5 pounds per gallon, was required 

to safely drill across these over-pressured shales, indicating they are at nearly twice the normal 

hydrostatic pressure.  The well encountered the top of the La Luna Formation at a depth of 

9,180 ft and penetrated 760 ft into the formation, logging oil and gas shows across the entire 

shale interval.  Logs run across the La Luna reportedly indicated 230 ft of potential high-quality 

net oil pay with 14% average porosity. 



IV. Northern South America  EIA/ARI World Shale Gas and Shale Oil Resource Assessment 

 

 
June, 2013 IV-9   

 
Figure IV-6: Seismic Line in the Middle Magdalena Valley Basin Showing Cretaceous La Luna and Simiti 

Shales Truncated by Erosional Unconformity. 

Source: Sintana Energy, Q3 2012 
 

According to Texas-based Sintana Energy the La Luna Formation averages about 1,500 

ft thick (gross), has 950-1,900 ft of net pay, 5-10% TOC, 15% effective porosity, and favorably 

low 17% clay content (should be quite brittle) on the company’s blocks in the western MMVB.  

The underlying Tablazo Formation averages about 600 ft thick (gross), has 150-450 ft of net 

pay, 5.5-7.0% TOC, 8% effective porosity, and higher 30% clay content.  The La Luna in 

Sintana’s area is in the oil window (Ro 0.7-1.0%), while the Tablazo is in the oil to wet gas 

windows (Ro 1.1%).  The pressure gradient ranges from 0.55-0.80 psi/ft in the La Luna to 0.65 

psi/ft in the Tablazo.11 

1.3 Resource Assessment 

The risked, technically recoverable shale gas and shale oil resources in the combined 

Cretaceous La Luna and Tablazo shales of the Middle Magdalena Valley Basin are estimated to 

be 18 Tcf and 4.6 billion barrels, out of risked shale gas and shale oil in-place of 135 Tcf and 79 

billion barrels.  By comparison Ecopetrol has estimated the MMV Basin has 29 Tcf of shale gas 

potential (methodology not disclosed, nor was oil potential noted). 
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1.4 Recent Activity 

A number of companies -- including Ecopetrol, ConocoPhillips, ExxonMobil, Nexen, and 

Shell -- have initiated shale oil and gas exploration programs at existing conventional oil and 

gas lease positions in Colombia during the past two years.  Activity has been concentrated in 

the Middle Magdalena Valley Basin, close to the Bogota market.  More than 12 vertical and 

horizontal shale exploration wells were planned for 2012, including several re-entries.   

State-owned Ecopetrol S.A., which controls about one-third of the oil and gas licenses in 

Colombia, first announced its shale exploration program in early 2011 and drilled the La Luna-1 

stratigraphic test in the MMVB later that year (results not disclosed).  Ecopetrol already has 

been drilling horizontal wells in the MMVB for non-shale targets during the past several years, 

providing a good foundation for future horizontal shale development in the basin.12  

Canacol holds three conventional exploration licenses in Colombia, which the company 

estimates have a total 260,000 gross acres with shale oil potential.  The company has disclosed 

a Mean Estimate of 2.9 billion barrels of recoverable resource potential within their lease 

position.  In recent months Canacol has signed separate joint-venture agreements with 

ConocoPhillips, ExxonMobil, and Shell to conduct shale exploration within Canacol’s acreage.  

These companies plan to drill a total of 19 shale exploration wells at an estimated cost of $123 

million.  ConocoPhillips expects to drill its first exploration well to test the La Luna Shale in the 

second quarter of 2013.13  Canacol continues to review the shale potential of two of its other 

blocks. 

Nexen was one of the first companies to report exploring for shale gas in Colombia.  The 

company reports it holds several shale blocks in Colombia for a total 1.5 million acres with shale 

gas potential.14  In late 2011 Nexen began drilling the first of four planned shale gas wells.  

These wells, located in Sueva and Chiquinquira blocks in the Sabana de Bogota high savannah 

plateau of the Eastern Cordillera mountain range, reportedly target the La Luna Formation.  No 

further details are available. 

Sintana Energy has reported that its third-party consultant estimated 210 million bbl of 

prospective recoverable resources in shale formations at the company’s VMM-37 block in the 

MMVB, which cover 44,000 acres (Mean Estimate).  Sintana estimated initial horizontal well 

costs at about $13 million. 
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2. LLANOS BASIN (COLOMBIA) 

2.1 Introduction and Geologic Setting 

The large (84,000-mi2) Llanos Basin, located in eastern Colombia, has only recently 

become a focus of shale exploration and thus is less well understood than the Middle 

Magdalena Valley Basin, Figure IV-7.  The Gacheta Fm shale source rocks are equivalent to 

the La Luna Fm in the MMV and Maracaibo/Catatumbo basins.  The northeast-trending Llanos 

Basin represents the northern extent of the Sub-Andean Mountain Belt.  Figure IV-8 shows the 

generally simple geologic structure in the interior of the Llanos Basin, as well as the 

overthrusting on the western margin. 

Figure IV-7: Llanos Basin Showing Shale-Prospective Area. 

 
Source: ARI 2013 



IV. Northern South America  EIA/ARI World Shale Gas and Shale Oil Resource Assessment 

 

 
June, 2013 IV-12   

 
Figure IV-8: Schematic Cross Section of the Llanos Basin in Colombia 

Source : ANH, 2007 
 

Up to 30,000 ft of Cambrian to Ordovician strata are unconformably overlain by thick 

Cretaceous marine shale deposits.  These in turn were partially eroded by uplift during the early 

Tertiary.  Other potential source rocks in the Llanos Basin include the Cretaceous Los Cuervos 

Fm and Tertiary shales (Carbonera and Leon formations).15  Conventional reservoirs are found 

in the Paleogene Carbonera and Mirador sandstones as well as Cretaceous sandstones. 

2.2 Reservoir Properties (Prospective Area) 

The Cretaceous Gacheta Fm, time-equivalent to the La Luna Fm and averaging 600 ft 

thick, is the principal source rock in the Llanos Basin.  The Gacheta reaches a depth of more 

than 15,000 ft along the basin’s western margin, shoaling to only 2,000 feet in the east.  The 

central axis has the Gacheta shale ranging from 4,000 to over 10,000 ft deep.   

The 1,820-mi2 depth-prospective area is entirely in the oil window.  The effective source 

rock thickness of the Gacheta shale ranges from 150 to 300 ft (average 210 ft net), with TOC of 

1% to 3% consisting of Type II and III kerogen.16  Thermal maturity of the Gacheta ranges from 

the oil to wet gas windows, with Ro ranging from 0.3% in the shallow east to 1.1% in the deeper 

western foothills region where the shale oil potential is greatest.17  Porosity is uncertain but 

assumed to be relatively high (7%) based on initial data on the correlative La Luna Shale in the 

MMVB.  The basin is slightly over-pressured, averaging about 0.5 psi/ft gradient. 
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2.3 Resource Assessment 

Risked, technically recoverable shale gas and shale oil resources in the Llanos Basin 

are estimated to be 2 Tcf of associated shale gas and 0.6 billion barrels of shale oil and 

condensate, out of risked shale gas and shale oil in-place of about 18 Tcf and 13 billion barrels, 

Tables IV-1 and IV-2.  Within the prospective area, the play has a moderate resource 

concentrations of about 40 Bcf/mi2 and 28 million bbl/mi2. 

2.4 Recent Activity 

No shale exploration leasing or drilling has been reported in the Llanos Basin.  Sintana 

Energy previously mentioned the shale potential of its leases in the Llanos Basin in the 

company’s 2011 investor presentation. 

3. MARACAIBO-CATATUMBO BASIN (VENEZUELA, COLOMBIA) 

3.1 Introduction and Geologic Setting 

The Maracaibo Basin extends over 23,000 mi2 in western Venezuela and eastern 

Colombia, the latter area known locally as the Catatumbo Sub-basin, Figure IV-9.18  The 

Maracaibo/Catatumbo Basin contains a rich sequence of organic-rich marine-deposited 

Cretaceous shales that are the principal source rocks for prolific conventional fields.19  These 

Cretaceous shales, especially the La Luna and Gapacho, appear to be prospective targets for 

shale oil and gas exploration.  

Depth to the Precambrian-Jurassic basement in the Maracaibo Basin reaches over 

20,000 feet in southern Lake Maracaibo and its onshore eastern edge, Figure IV-10.  On the 

west side of the basin, basement and Cretaceous shale deposits become shallower again, 

Figure IV-11. Depth to the La Luna Fm ranges from less than 5,000 to over 15,000 feet, 

generally deepening from northeast to southwest. The eastern edge of the shale play is limited 

by maximum 15,000-ft depth, inferred from the structure of the Late Jurassic basement.20   

The Catatumbo Sub-basin, located on the rugged east flank of the Andes in eastern 

Colombia, has similar shale targets but is structurally more complex than the rest of the 

Maracaibo Basin, with thrust faulting in the west and less severe wrench-faulting in the east, 

Figure IV-12.21  Much like the northern Maracaibo Basin, the Catatumbo Sub-basin has 

numerous conventional oil fields. 
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Figure IV-9: Prospective Area for Shale Exploration in the Maracaibo/Catatumbo Basin. 

 
Source : ARI, 2013 
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Figure IV-10: Seismic Time Section of the Maracaibo Basin in Western Venezuela. 

Modified from Escalona and Mann, 2006 

Source : ARI, 2013 
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Figure IV-10: Schematic Cross-Section Showing Depth to Cretaceous Source Rocks in the Maracaibo Basin, 

Western Venezuela. 

Modified from Escalona and Mann, 2006 
 

 

 
 
 

Figure IV-12: Schematic Cross-Section of the Catatumbo Sub-Basin in Eastern Colombia. 

Modified from Yurewicz et al., 1998 
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La Luna Formation.  The Maracaibo-Catatumbo Basin hosts some of the world’s 

richest source rocks and conventional oil and gas reservoirs.  The Late Cretaceous 

(Cenomanian-Santonian) shale of the La Luna Formation, the primary source rock in the basin22 

and time-equivalent with the Eagle Ford Shale in Texas, appears to be the most prospective 

target for shale oil and gas exploration.  The black calcareous La Luna Shale ranges from 100 

to over 400 feet thick across the basin, thinning towards the south and east. 23,24 

Total organic carbon (TOC) varies across the basin, with values ranging from 3.7% to 

5.7% in the northwest to 1.7% to 2% in the south and east.  Maximum TOC values can reach 

16.7%.  A large portion of this shale-gas-prospective area includes part of Lake Maracaibo itself.  

ARI chose to include this submerged area because water depths are shallow (less than 100 

feet) and there are numerous conventional production platforms that could provide access to 

shale drilling and development.  

Thermal maturity of the La Luna Fm increases with burial depth from west to east across 

the Maracaibo Basin, from less than 0.7% Ro to over 1.7% Ro southeast of Lake Maracaibo.25  

Vitrinite reflectance data indicate the unit is mainly in the oil generation window, with a narrow 

sliver of dry-gas maturity in the east.  Note that no significant free gas accumulations have been 

discovered in the Maracaibo Basin; all natural gas production has been associated gas.  

In the much smaller Catatumbo Sub-Basin of Colombia, the La Luna Fm is about 200 ft 

thick, comprising dark-gray, laminated, limey mudstones and shales with high TOC averaging 

4.5% (maximum 11%), mainly Type II with some Type III kerogen.26  Total organic carbon in 

core samples reaches a maximum of 11.2% in the La Luna, but more typically averages a still 

rich 4 to 5% TOC.  Figure IV-13 shows a slight increase in TOC concentration towards the base 

of the La Luna Fm in the Cerrito 1 well, southeastern Catatumbo Sub-basin.   

The La Luna is at relatively shallow depth in the Catatumbo Sub-basin, ranging from 

6,000 to 7,600 feet.27   Based on available vitrinite samples, thermal maturity ranges from 0.85 

to 1.21% Ro, with generally higher reflectance in the central and northern areas of the basin.  

Samples from the Cerro Gordo 3 well in the southeast portion of the Catatumbo Sub-basin 

averaged 0.85% Ro, indicating that this area is oil prone. 
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Figure IV-13: Calculated TOC Profile from Well Log in the Catatumbo Sub-Basin. 

Modified from Yurewicz et al., 1998 
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Capacho Formation.  The Capacho Formation (Cenomanian-Coniacian) is a distinct 

unit from the overlying La Luna, although its upper portion is fairly similar.  In the Maracaibo 

basin the Capacho Fm consists of dark-gray to black shales and limestones and is much thicker 

than the La Luna, ranging from 590 to nearly 1,400 feet in total thickness.  However, less data 

are available on the Capacho.  Thus, for this assessment we combined the 200-ft thick, TOC-

rich upper portion of the Capacho with the stratigraphically adjacent La Luna for analysis. 

Depth to the Capacho ranges from 6,500 feet to 8,500 feet in the Catatumbo Sub-basin, 

with greater measured depth in the north and east at 8,275 feet in the Socuavo 1 well.  TOC 

reaches 5% in the Socuavo 1 well, northeastern Catatumbo Sub-basin, but more typically is 

about 1.5%.  Kerogen is Type II and III.  Vitrinite reflectance ranges from 0.96% Ro in the 

northern Rio de Oro 14 well to 1.22-1.24% Ro in southeastern well samples.     

3.2 Reservoir Properties (Prospective Area) 

Three thermal maturity windows were mapped in the Maracaibo/ Catatumbo Basin: dry-

gas, wet-gas, and oil.  Geologic modeling shows that the present-day temperature gradient in 

the area ranges from 1.7 and 2.0° F per 100 feet of depth. 

Dry Gas Window.  Within the 5,840-mi2 depth-screened, dry-gas thermal maturity 

window (average 1.6% Ro) of the Maracaibo/Catatumbo Basin, the Cretaceous La Luna Fm and 

the adjoining upper portion of the Capacho Fm averages about 500 ft thick net, about 12,000 ft 

deep, and is estimated to have average 5% TOC.   Reservoir pressure is uncertain thus 

assumed to be normal (hydrostatic).  

Wet Gas Window.  Within the 4,290-mi2 depth-screened, wet-gas thermal maturity 

window (average 1.15% Ro), the La Luna and upper Capacho formations average about 11,000 

ft deep.  Other parameters are similar to the dry gas window. 

Oil Window.  The La Luna and upper Capacho shales in the thermally less mature 

portion of the Maracaibo/Catatumbo basin are oil-prone, with average 0.85% Ro. The oil window 

extends over an area of about 7,280 mi2 and averages about 10,000 ft deep.  
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3.3 Resource Assessment 

Total risked, technically recoverable shale gas and shale oil resources in the La Luna 

and Capacho formations of the Maracaibo and Catatumbo basins are estimated to be 202 Tcf 

and 14.8 billion barrels, out of risked shale gas and shale oil in-place of 970 Tcf and 297 billion 

barrels, Tables IV-1 and IV-2.  The play has high a resource concentration of up to 256 Bcf/mi2 

within the dry gas prospective area. 

Dry Gas Window.  Risked, technically recoverable shale gas resources in the dry-gas 

window of the Maracaibo/Catatumbo Basin are estimated at 131 Tcf, from a risked shale gas in-

place of 523 Tcf.  Resource concentration is high (average 256 Bcf/mi2) due in part to favorable 

shale thickness and porosity.  

Wet Gas Window.  The slightly shallower and less thermally mature wet gas window of 

the Maracaibo/Catatumbo Basin has risked, technically recoverable resources of approximately 

53 Tcf of shale gas and 3.1 billion barrels of shale condensate.  Risked in-place resources are 

estimated at 264 Tcf of wet shale gas and 62 billion barrels of shale condensate.   

Oil Window.  The still shallower and oil-prone window of the La Luna formation and 

upper Capacho formation in the Maracaibo/Catatumbo basins has an estimated risked, 

technically recoverable resource of 11.8 billion barrels of shale oil and 18 Tcf of associated 

shale gas.  Risked in-place shale resources are about 235 billion barrels of shale oil and 183 Tcf 

of shale gas.  

3.4 Recent Activity  

Junior Canadian E&P Alange Energy Corporation is evaluating the prospectivity of the 

eastern area of the Catatumbo Sub-basin.  However, this exploration activity appears to be 

focused on conventional reservoirs within the La Luna Shale interval.  No shale exploration 

leasing or drilling has been reported in the Maracaibo Basin. 
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VII. OTHER SOUTH AMERICA   

SUMMARY 

Four other countries in South America (Bolivia, Chile, Paraguay, and Uruguay) have 

prospective shale gas and shale oil potential within marine-deposited Cretaceous and Devonian 

shale formations in three large basins: the Paraná Basin of Paraguay and Uruguay; the Chaco 

Basin of Bolivia and Paraguay; and the Magallanes Basin of Chile, Figure VII-1.   (Extensions of 

these basins within neighboring Argentina and Brazil were assessed in separate chapters.) 

Figure VII-1: Prospective Shale Gas and Shale Oil Resources in Bolivia, Chile, Paraguay, and Uruguay. 

 
Source: ARI, 2013 
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Risked, technically recoverable shale gas and shale oil resources in these four other 

South American countries are estimated at 162 Tcf and 7.2 billion barrels, Tables VII-1 and VII-

2.  The geologic setting of this region generally is favorably simple, with mostly gentle structural 

dip and relatively few faults or igneous intrusions (apart from surface basalt flows).  Technically 

recoverable shale resources by country are: Bolivia (36 Tcf; 0.6 billion barrels); Chile (49 Tcf; 

2.4 billion barrels); Paraguay (75 Tcf; 3.7 billion barrels); and Uruguay (2 Tcf; 0.6 billion barrels).  

Initial shale-related leasing and evaluation has been reported in Paraguay and Uruguay within 

existing conventional petroleum license areas. 

 

Table VII-1A.  Shale Gas Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay. 

3,830 3,260 2,350 2,690 1,230

Organically Rich 800 800 800 800 800
Net 240 240 240 240 240
Interval 10,000 - 11,000 11,000 - 12,000 12,000 - 13,000 3,300 - 5,000 5,000 - 7,000
Average 10,500 11,500 12,500 4,000 6,000

Normal Normal Normal Normal Normal

2.0% 2.0% 2.0% 3.6% 3.6%
0.85% 1.15% 1.50% 0.85% 1.15%

Low/Medium Low/Medium Low/Medium Low/Medium Low/Medium

Assoc. Gas Wet Gas Dry Gas Assoc. Gas Wet Gas

19.9 44.1 71.2 9.7 46.3

9.1 17.3 20.1 4.2 9.1

0.7 3.5 4.0 0.3 1.8
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R
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Table VII-1B.  Shale Gas Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay. 

6,870 9,890 14,210 1,580 1,920 1,500

Organically Rich 1,500 1,500 1,500 800 800 800
Net 450 450 450 400 400 400
Interval 3,300 - 9,000 7,000 - 12,000 10,000 - 16,400 6,600 - 10,000 10,000 - 14,500 11,500 - 16,400
Average 7,000 10,000 13,000 8,000 12,000 13,500

Normal Normal Normal
Slightly 

Overpress.
Slightly 

Overpress.
Slightly 

Overpress.
2.5% 2.5% 2.5% 3.5% 3.5% 3.5%

0.85% 1.15% 1.50% 0.85% 1.15% 1.60%
Low Low Low Low/Medium Low/Medium Low/Medium

Assoc. Gas Wet Gas Dry Gas Assoc. Gas Wet Gas Dry Gas

27.8 86.8 140.5 32.5 114.8 155.9

28.7 128.7 299.5 23.1 99.2 105.2

2.9 25.7 74.9 2.3 19.8 26.3
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Table VII-2A.  Shale Oil Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay. 

3,830 3,260 2,690 1,230

Organically Rich 800 800 800 800
Net 240 240 240 240
Interval 10,000 - 11,000 11,000 - 12,000 3,300 - 5,000 5,000 - 7,000
Average 10,500 11,500 4,000 6,000

Normal Normal Normal Normal

2.0% 2.0% 3.6% 3.6%
0.85% 1.15% 0.85% 1.15%

Low/Medium Low/Medium Low/Medium Low/Medium

Oil Condensate Oil Condensate

21.8 9.3 27.7 12.0

10.0 3.6 11.9 2.4

0.40 0.15 0.48 0.09
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Risked Recoverable (B bbl)  
 

Table VII-2B.  Shale Oil Reservoir Properties and Resources of Bolivia, Chile, Paraguay, and Uruguay. 

6,870 9,890 1,580 1,920

Organically Rich 1,500 1,500 800 800
Net 450 450 400 400
Interval 3,300 - 9,000 7,000 - 12,000 6,600 - 10,000 10,000 - 14,500
Average 7,000 10,000 8,000 12,000

Normal Normal
Slightly 

Overpress.
Slightly 

Overpress.
2.5% 2.5% 3.5% 3.5%
0.85% 1.15% 0.85% 1.15%
Low Low Low/Medium Low/Medium

Oil Condensate Oil Condensate

46.0 18.7 48.4 14.5

47.4 27.7 34.4 12.6
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INTRODUCTION 

This chapter discusses the shale potential of the other countries in South America 

(Argentina, Brazil, and Colombia-Venezuela are assessed in separate chapters).  As first 

highlighted in EIA/ARI’s 2011 assessment, these other South American countries (Bolivia, Chile, 

Paraguay, and Uruguay) have significant shale gas and oil resource potential in favorable 

structural settings.  Exploration shale drilling has not yet begun in the region although initial 

shale leasing and evaluation are underway. 

Bolivia.  A significant natural gas exporter to Argentina and Brazil, Bolivia produces 

natural gas from conventional reservoirs, mainly in the Chaco Basin in the southeast part of the 

country.  Following 2006 nationalization, YPFB administers investment and production in 

Bolivia's oil and gas sector, while the Ministry of Hydrocarbons and Energy (MHE) and the 

National Hydrocarbons Agency establish overall policy.  Shale exploration or leasing have not 

been reported in Bolivia. 

Chile.  ENAP, the national oil company of Chile, produces about 5,000 bbl/day mainly 

from conventional reservoirs in the Magallanes basin.1  In March 2011 ENAP announced that it 

will require companies bidding for conventional oil and gas exploration blocks to also explore for 

shale gas.  While exploration is underway for tight gas sandstone reservoirs in the basin, no 

shale-specific exploration has been reported in Chile.  

Paraguay.  Paraguay does not produce oil and gas, although extensions of its 

sedimentary basins are productive in both Argentina and Bolivia.  Only two conventional 

petroleum wells have been drilled in Paraguay during the past 25 years.  Shale drilling has not 

occurred in the country but President Energy is investigating the shale potential at its 

conventional petroleum licenses in the Chaco Basin. 

 Uruguay.  Uruguay also does not produce oil and gas, although extensions of its 

sedimentary basins are productive in neighboring Brazil and Argentina.  ANCAP (Administración 

Nacional de Combustibles, Alcoholes y Portland), the state-owned oil company in Uruguay, 

administers the country’s petroleum licensing.  TOTAL, YPF, and others hold leases in the 

onshore Paraná Basin and are evaluating the shale potential. 



VII.  Other South America   EIA/ARI World Shale Gas and Shale Oil Resource Assessment 

 

 
June, 2013  VII-5   

Three major sedimentary basins with prospective organic-rich and marine-deposited 

black shales are present in Bolivia, Chile, Paraguay, and Uruguay, Figure VII-1.  These basins, 

which were assessed in this chapter, are: 

 Paraná Basin (Paraguay, Uruguay): The Paraná Basin contains black shale within the 

Devonian Ponta Grossa Formation.  The structural setting is simple but the basin is 

partly obscured at surface by flood basalts, although this igneous cap is less prevalent 

here than in the Brazil portion of the basin. 

 Chaco Basin (Paraguay, Bolivia): Black shale in the Devonian Los Monos Formation is 

present within a relatively simple structural setting in northwest Paraguay.  The shale 

becomes increasingly deep and thrust faulted in southeast Bolivia, where they source 

that country’s prolific conventional reservoirs. 

 Magallanes Basin (Chile): Known as the Austral Basin in Argentina, the Magallanes 

Basin of southern Chile contains marine-deposited black shale in the Lower Cretaceous 

Estratos con Favrella Formation, considered a major source rock in the basin. 

 

1 PARANÁ BASIN (PARAGUAY, URUGUAY) 

1.1 Introduction and Geologic Setting 

The Paraná Basin is a large depositional feature in south-central South America.  Most 

of the basin is located in southern Brazil, but there are significant extensions into Paraguay, 

Uruguay, and northern Argentina, Figure VII-2.  This section focuses on the Paraguay and 

Uruguay portions of the basin.  The Paraná Basin contains up to 5 km (locally 7 km) of 

Paleozoic and Mesozoic sedimentary rocks that range from Late Ordovician to Cretaceous.  Its 

western border is defined by the Asuncion Arch, related to Andean thrusting, while the east is 

truncated by the South Atlantic tectonic margin.2  Much of the Brazilian portion of the basin is 

covered by flood basalts, partly obscuring the underlying geology from seismic and increasing 

the cost of drilling, but the Paraguay portion is largely free of basalt. 

The main petroleum source rock in the Paraná Basin is the Devonian (Emsian/Frasnian) 

black shale of the Ponta Grossa Formation.  The entire formation ranges up to 600 m thick in 

the center of the basin, averaging about 300 m thick.  TOC of the Ponta Grossa Fm reaches up 

to 4.6% but more typically is 1.5% to 2.5%.  The mostly Type II kerogen sourced natural gas 

that migrated into conventional sandstone reservoirs.3 
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Figure VII-2: Prospective Shale Gas and Shale Oil Areas in the Paraná Basin of Paraguay and Uruguay 

 
 

Figure VII-3, a cross-section of the Paraná Basin, illustrates the thick and gently dipping 

Devonian source rocks that pass through the oil window into the gas window.4  Figure VII-4, a 

conventional well log in the Paraguay portion of the basin, shows Devonian source rocks and 

interbedded sandstones with oil and gas shows.5  In outcrop, the Devonian Cordobes Formation 

ranges up to 160 m thick, including up to 60 m of organic-rich shale.  TOC ranges from 0.7 to 

3.6%, consisting mainly of Type II marine kerogen.  Based on the low thermal maturity at 

outcrop (Ro 0.6%), ANCAP has estimated the boundary between dry and wet gas to occur at a 

depth of about 3,200 m.6 
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Figure VII-3: Cross-Section of the Paraná Basin of Paraguay, Showing Thick and Gently Dipping Devonian 

Source Rocks Passing Through the Oil and Gas Windows. 

Source: Chaco Resources PLC, 2004 
 
Figure VII-4: Asuncion-1 Well Log from the Paraná Basin of Paraguay, Showing Devonian Source Rocks and 

Interbedded Sandstones with Oil and Gas Shows. 

Source: Guapex S.A., 2012 
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The Paraná Basin has remained at moderate burial depth throughout its history.  

Consequently, the bulk of thermal maturation took place during the late Jurassic to early 

Cretaceous igneous episode.  Most of the basin remains thermally immature (Ro <0.5%), but 

there are sizeable concentric windows of oil-, wet-gas-, and dry-gas maturity in the deep central 

portion of the basin. 

1.2 Reservoir Properties (Prospective Area) 

Depth and thermal maturity of the Devonian Ponta Grossa Formation are relatively well 

constrained in the Paraguay portion of the Paraná Basin.  The prospective area in Paraguay is 

estimated at 9,440 mi2, of which 3,830 mi2 is in the oil window; 3,260 mi2 is in the wet 

gas/condensate thermal maturity window; and 2,350 mi2 is in the dry gas window.   

However, Devonian depth and thermal maturity are much less certain in Uruguay.  

Uruguay’s shale-prospective area is estimated at 3,920 mi2, of which 2,690 mi2 is in the oil 

window and 1,230 mi2 is in the wet gas/condensate thermal maturity window (no evidence the 

Devonian attains dry-gas thermal maturity in Uruguay).  The Ponta Grossa shale averages 

about 240 m thick (net), 10,500 to 12,500 ft deep in Paraguay but only 4,000 to 6,000 ft deep in 

Uruguay, and averages 2.0% to 3.6% TOC. 

Thermal maturity (Ro) ranges from 0.85% to 1.5% depending mainly on depth.  For 

example, Amerisur reported that the Devonian Lima Fm has good (2-3%) TOC and is oil-prone 

(Ro 0.87%) at their conventional exploration block.  Porosity is estimated at about 4% and the 

pressure gradient is assumed to be hydrostatic. 

1.3 Resource Assessment 

Risked, technically recoverable shale gas and oil resources from the Devonian Ponta 

Grossa Shale in the Paraguay portion of the Paraná Basin are estimated at 8 Tcf of shale gas 

and 0.6 billion barrels of shale oil and condensate, Tables VII-1 and VII-2.  Uruguay has further 

estimated resources of 2 Tcf of shale gas and 0.6 billion barrels of shale oil and condensate in 

this play.  Risked shale gas and shale oil in-place in Paraguay and Uruguay are estimated at 60 

Tcf and 28 billion barrels.  The play has low-moderate net resource concentrations of 10 to 71 

Bcf/mi2 for shale gas and 9 to 28 million bbl/mi2 for shale oil, depending on thermal maturity 

window. 
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The USGS recently estimated that Uruguay’s portion of the Paraná Basin (Norte Basin) 

has 13.4 Tcf of shale gas and 0.5 billion barrels of shale oil resources in the Devonian Cordobes 

Formation.  They noted that the sub-basalt extent of inferred deep grabens for their study was 

imaged by ANCAP using geophysical methods, with no well control.7  Petrel Energy recently 

noted that new data indicates the Devonian is less thermally mature than mapped by the 

USGS.8  The EIA/ARI thermal windows were adjusted accordingly. 

1.4 Recent Activity 

TOTAL, YPF, and small Australia-based Petrel Energy hold large exploration licenses 

with Devonian shale potential in the Uruguay portion of the Paraná Basin (Norte Basin).  No 

shale-focused drilling has occurred in Uruguay, nor has shale leasing or drilling activity been 

reported in the Paraguay portion of the Paraná Basin. 

 

2 CHACO BASIN (BOLIVIA, PARAGUAY) 

2.1 Introduction and Geologic Setting 

The large (157,000-mi2) Chaco Basin is an intra-cratonic foreland basin broadly similar in 

origin to the Neuquen and other South American basins east of the Andes Mountains, Figure 

VII-5.  The Chaco Basin extends across southeast Bolivia and northwest Paraguay, as well as 

southern Brazil and northern Argentina (please see separate chapters for these countries).  

Structural highs (Ascuncion Arch) separate the Chaco Basin from the Parana Basin to the 

southeast.  Structure is relatively simple, with scattered mainly vertical normal faults and none of 

the thrusting typical of Andean tectonics further to the west. 

Sub-basins include the Pirity, Carandayty, and Curupayty troughs.  Oil and gas 

production occurs in Bolivia and Argentina but not in Paraguay, which has experienced much 

less drilling.  Fewer than 10 petroleum wells have been drilled in the Pirity Sub-basin of 

Paraguay, all pre-1987, where no commercial production has occurred.  However, the Argentina 

portion of the Basin (Olmedo Sub-basin) has produced over 110 million bbls of oil from the 

Upper Cretaceous Yacoraite and Palmer Largo formations and that basin continues to be 

productive.9  Apart from the international border, no geologic discontinuity separates the two 

sub-basins. 
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Figure VII-5: Prospective Area of the Devonian Los Monos Formation, Chaco Basin, Paraguay and Bolivia 

 
 

The main source rocks include the Silurian Kirusillas Formation and the Devonian Los 

Monos and Icla formations.10  The Devonian, considered the main source rock for the world-

class conventional gas fields in the Tarija Basin foothills of southeast Bolivia, appears to have 

shale gas potential in northwest Paraguay where structure is considerably simpler, Figure VII-6.  

The gas window in this basin reportedly is at about 2 km depth. 

Significant shale gas potential exists within the 8,000- to 12,000-foot thick Devonian Los 

Monos Formation in the Carandaity and Curupaity sub-basins of Paraguay.  The Devonian is 

exceptionally thick in southern Bolivia but consists mainly of coarse-grained sandstones there.  

The Devonian is also deeper and structurally more complex in much of Bolivia, Figure VII-7.  

Within the Los Monos, the San Alfredo Shales appear to be most prospective, comprising a 

lower sandy unit and an upper thick, monotonous black shale that formed under shallow marine 

conditions.11 The thickest Devonian section (8,339 feet) penetrated in the Chaco Basin was in 

the Pure Oil Co. Mendoza-1 well.  The Los Monos marine shale accounted for about 8,200 feet 

of this section.12 
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Figure VII-6: Regional Seismic Time Section Across the Chaco Basin of Bolivia and Paraguay, Showing  
Thick and Mostly Flat-Lying Silurian and Devonian Source Rocks. 

 

Source: Wade, 2009 
 

Figure VII-7: Regional Cross-Section Across the Chaco Basin of Bolivia and Paraguay, Showing  Thick and 
Mostly Flat-Lying Silurian and Devonian Source Rocks. 

Source: CDS Oil and Gas Group, PLC, 2006 

Scarce geochemical data suggest 2.5% overall average TOC for the entire Los Monos, 

but richer zones are likely to be present within this thick and poorly documented unit.  An 

exploration well in the Curupaity sub-basin measured up to 2.1% TOC in the Los Monos.  

Independent E&P Amerisur reports TOC of 1.44% to 1.86% in the Devonian Los Monos Fm in 

the Curupaity sub-basin.13  Depth to the Los Monos Shale can exceed 10,000 feet (3,000 m) in 

deep synclines such as the San Pedro Trough.14,15  Structural uplifts within the Chaco Basin 

have high geothermal gradients and are gas-prone. 

Another potential source rock is the Puesto Guardian Member in the lower portion of the  

U. Cretaceous Yacoraite Formation.  The Puesto Guardian reportedly contains about 78 m of 

black shale within a 6,000-km2 area of the Pirity Sub-basin of the Cretaceous Basin.16  TOC is 

up to 12%, consisting of Type II / III amorphous and algal kerogen that was deposited in 
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lacustrine to restricted marine environments.  Peak hydrocarbon maturation and charge is 

estimated to have occurred 34-40 million years ago, with current maturity in the oil window.  

However, the potential of the Cretaceous shale was not assessed due to insufficient geologic 

control.  

2.2 Reservoir Properties (Prospective Area) 

The Devonian Los Monos Formation is exceptionally thick (as much as 12,000 feet) in 

the Chaco Basin, of which 2,000 feet (San Alfredo Shales) was conservatively assumed to be 

organic-rich.  Faulting is not extensive, thus relatively little area is sterilized due to structural 

complexity.   

The shale matrix reportedly consists primarily of brittle minerals such as calcite, 

dolomite, albite feldspar, ankerite, quartz as well as significant rutile and pyrite. Some clay is 

present -- mainly illite, kaolinite and chlorite – but is considered “less common.”17  Temperature 

gradients range from elevated 1.9°F/100 feet on structural highs to 1.0°F/100 feet in the 

Carandaity sub-basin. 

Depth and thermal maturity of the Devonian Los Monos Formation are relatively well 

constrained in the Paraguay portion of the Chaco Basin.  The prospective area in Paraguay is 

estimated at 22,210 mi2, of which 6,200 mi2 is in the oil window; 7,450 mi2 is in the wet 

gas/condensate thermal maturity window; and 8,560 mi2 is in the dry gas window.  An additional 

8,760 mi2 is prospective in Bolivia, of which 670 mi2 is in the oil window; 2,440 mi2 is in the wet 

gas/condensate thermal maturity window; and 5,650 mi2 is in the dry gas window.   

2.3 Resource Assessment 

Risked, technically recoverable shale gas and shale oil resources from the Devonian Los 

Monos black shale in the Paraguay portion of the Chaco Basin are estimated at 67 Tcf of shale 

gas and 3.2 billion barrels of shale oil and condensate, Tables VII-1 and VII-2.  Bolivia has 

further estimated resources of 37 Tcf of shale gas and 0.6 billion barrels of shale oil and 

condensate.  Risked shale gas and shale oil in-place are estimated at 457 Tcf of shale gas and 

75 billion barrels of shale oil for the two countries.  The play has moderate to high net resource 

concentrations of 28 to 141 Bcf/mi2 for shale gas and 19 to 46 million bbl/mi2 for shale oil, 

depending on thermal maturity window. 
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2.4 Recent Activity 

Initial shale evaluation is occurring on existing conventional petroleum exploration leases 

in the Chaco Basin, but no shale-specific drilling or testing has occurred yet.  President Energy 

PLC (UK) holds eight conventional petroleum exploration licenses which it considers to have 

shale gas/oil potential. 

 

3 MAGALLANES BASIN (CHILE) 

3.1 Introduction and Geologic Setting 

Located in southern Patagonia, the 65,000-mi2 Austral-Magallanes Basin has promising 

but untested shale gas potential, Figure VII-8.  While most of the basin is in Argentina, where it 

is called the Austral Basin, a portion of the basin is located in Chile’s Tierra del Fuego region, 

where it is referred to as the Magallanes Basin.  The Chile portion of the basin, which started 

producing conventional natural gas over 60 years ago, currently accounts for most of that 

country’s oil and gas output, produced primarily from deltaic to fluvial sandstones in the Early 

Cretaceous Springhill Formation at depths of about 6,000 feet.   

The Magallanes Basin comprises two main structural regions: a normal faulted eastern 

region and a thrust faulted western area.  The basin contains a thick sequence of Upper 

Cretaceous and Tertiary sedimentary and volcaniclastic rocks which unconformably overlie 

deformed metamorphic basement of Paleozoic age.  Total sediment thickness ranges from 

3,000 to 6,000 feet along the eastern coast to a maximum 25,000 feet along the basin axis.  

Jurassic and Lower Cretaceous petroleum source rocks are present at moderate depths of 

6,000 to 10,000 feet across large areas.18  The overlying Cretaceous section comprises mainly 

deepwater turbidite clastic deposits up to 4 km thick, which appear to lack shale gas and oil 

potential.19 
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Figure VII-8: Prospective Area of the L. Cretaceous Estratos con Favrella Formation, Magallanes Basin, Chile  
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The organic-rich shales of Jurassic and Early Cretaceous age formed under anoxic 

marine conditions within a Neocomian sag on the edge of the Andes margin, Figure VII-9.  The 

basal sequence consists of Jurassic source rocks that accumulated under restricted lacustrine 

conditions within small half-grabens.  Interbedded shale and sandstone of the Zapata and Punta 

Barrosa formations were deposited in a shallow-water marine environment.20  The mid-lower 

Jurassic Tobifera Formation contains 1% to 3% TOC (maximum 10% in coaly shales), 

consisting of Types I to III kerogen.  However, this unit is mainly coaly and probably 

insufficiently brittle for shale exploration. 

 
Figure VII-9: Stratigraphy of the Austral-Magallanes Basin, Argentina and Chile 

MARGAS 
VERDES FM

LOWER 
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Source: Rossello et al., 2008 
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Overlying the Tobifera Fm are more prospective shales within the Early Cretaceous 

Estratos con Favrella Formation (or Lower Inoceramus or Palermo Aike in Argentina), deposited 

under shallow water marine conditions.  The Lower Inoceramus Formation is 50 to 400 m thick.  

In the Argentina portion of the basin, the total shale thickness (including the Magnas Verdes 

Formation) ranges from 800 feet thick in the north to 4,000 feet thick in the south, representing 

neritic facies deposited in a low-energy and anoxic environment.21   Total organic content of 

these two main source rocks have been reported to range from 1.0% to 2.0%, with hydrogen 

index of 150 to 550 mg/g.22  More recent analysis conducted by Chesapeake Energy of the 

Lower Cretaceous Estratos con Favrella Formation in Chile indicates this unit contains marine-

deposited shale with consistently good to excellent (up to 6%) TOC, particularly near its base.23   

Figure VII-10, a seismic time section across the basin, shows the 180-m thick Estratos 

con Favrella Formation dipping gently west in a relatively simple structural setting.  Net organic-

rich shale thickness was estimated by ENAP to be only 40 to 120 ft, although this appears 

conservative and we assumed 280 net ft.  ENAP also estimated porosity of 6% to 12%, but we 

assumed a more conservative estimate of 6%.  Thermal maturity increases gradually with depth 

in a half-moon pattern, ranging from oil-prone (Ro 0.8%) to dry gas prone (Ro 2.0%).  The 

transition from wet to dry gas (Ro 1.3%) occurs at a depth of about 3,600 m in this basin.24 

3.2 Reservoir Properties (Prospective Area) 

Chile’s portion of the Magallanes Basin has an estimated 5,000-mi2 prospective area 

with organic-rich shale in the Estratos con Favrella and adjoining Lower Cretaceous formations.  

Of this total prospective area, about 1,580 mi2 is in the oil window; 1,920 mi2 is in the wet 

gas/condensate thermal maturity window; and 1,500 mi2 is in the dry gas window.  The Estratos 

con Favrella and adjoining shales average about 800 ft thick (organic-rich), 8,000 to 13,500 ft 

deep, and have estimated 3.5% average TOC.  Thermal maturity (Ro) ranges from 0.7% to 2.0% 

depending mainly on depth.  Porosity is estimated at about 5%. The Estancia Los Lagunas gas 

condensate field in southeast Argentina measured a 0.46 psi/ft pressure gradient with elevated 

temperature gradients in the Serie Tobifera Fm, immediately underlying the Lower Inoceramus 

equivalent.25 
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Figure VII- 10: Seismic Time Section Across the Magallanes Basin, Showing Marine Source Rock Shales in 

the 180-m Thick L. Cretaceous Estratos con Favrella Formation within a Relatively Simple Structural Setting. 

Source: Methanex, September 27, 2012 
 

3.3 Resource Assessment 

Risked, technically recoverable shale gas and oil resources from the Estratos con 

Favrella and adjoining Lower Cretaceous formations in the Chile portion of the Magallanes 

Basin are estimated at 48 Tcf of shale gas and 2.4 billion barrels of shale oil and condensate, 

Tables VII-1 and VII-2.  Risked shale gas and shale oil in-place are estimated at 228 Tcf and 47 

billion barrels, respectively.  The play has moderate to high net resource concentrations of 33 to 

156 Bcf/mi2 for shale gas and 15 to 48 million bbl/mi2 for shale oil, depending on thermal 

maturity window. 

3.4 Recent Activity 

 No shale leasing or exploration activity has been reported in the Magallanes Basin.  

Methanex operates a methanol manufacturing plant in the basin which is running at about 10% 

of its 2 million t/year capacity due to local shortages of natural gas supply.26  During 2011-2, 

Methanex had partnered with ENAP on conventional oil and gas exploration in the Magallanes 

Basin and also had expressed interest in shale gas exploration.  However, recently the 

company decided to relocate about half of its methanol production capacity in Chile to 

Louisiana, USA.27 
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UK-based GeoPark holds conventional petroleum leases in the Magallanes Basin of 

Chile, which the company notes contains shales in the Estratos con Favrella Formation which 

previously have produced oil.  In 2012 GeoPark conducted diagnostic fracture injection tests on 

eight wells on the Fell Block to determine reservoir properties of the shale.28 

REFERENCES 

                                                 
1 ENAP (Empresa Nacional del Petróleo), 4Q 2012 Results, April 2013, Santiago, Chile, 28 p. 
2 Milani, E.J. and Zalán, P.V., 1999.  “An Outline of the Geology and Petroleum Systems of the Paleozoic 

Interior Basins of South America.”  Episodes, vol. 22, p. 199-205. 
3 Vesely, F.F., Rostirolla, S.P., Appi, C.J., Kraft, E.P., 2007.  ”Late Paleozoic Glacially Related Sandstone 

Reservoirs in the Parana Basin, Brazil.  American Association of Petroleum Geologists, Bulletin, vol. 91, 
p. 151-160. 

4 Chaco Resources PLC, 2004.  “Proposed Acquisition of Amerisur S.A. and Bohemia S.A., Notice of 
Extraordinary General Meeting.”  83 p. 

5 Guapex S.A., 2012.  “Unconventional Gas in Paraguay.”  21 p. 
6 US Geological Survey, 2011.  “Assessment of Potential Shale Gas and Shale Oil Resources of the 

Norte Basin, Uruguay, 2011.”  2 p. 
7 US Geological Survey, 2011.  “Assessment of Potential Shale Gas and Shale Oil Resources of the 

Norte Basin, Uruguay, 2011.”  2 p. 
8 Petrel Energy Limited, Investor Presentation, November 2012, 22 p. 
9 President Energy PLC, Resource Evaluation prepared by DeGoyler and MacNaughton, December 15, 

2012, 27 p. 
10 Wade, J., 2009.  “Nonproducing Paraguay’s Potential Conventional and Unconventional.”  Oil and Gas 

Journal, April 6, p. 39-42. 
11 Petzet, A., 1997.  “Nonproducing Paraguay to get Rare Wildcats.”  Oil and Gas Journal, April 21. 
12 Wiens, F., 1995.  “Phanerozoic Tectonics and Sedimentation in the Chaco Basin of Paraguay, with 

Comments on Hydrocarbon Potential.”  ln A. J. Tankard, R. Suarez S., and H. J. Welsink, eds., 
Petroleum Basins of South America.  American Association of Petroleum Geologists Memoir 62, p. 185-
205. 

13 Amerisur Resources PLC, 2009.  Interim Results Presentation, December, 36 p. 
14 Kuhn, C.A.C., 1991.  “The Geological Evolution of the Paraguayan Chaco.”  Ph.D. dissertation, Texas 

Tech. 
15 Grupo Montecristo, 2012.  “Unconventional Gas in Paraguay.”  21 p. 
16 President Energy PLC, Investor Presentation, January 2013, 32 p. 
17 Kern, M., Machado, G., Franco, N., Mexias, A., Vargas T., Costa, J., and Kalkreuth, W. 2004.  “Source 

Rock Characterization of Paraná Basin, Brazil: Sem and XRD Study of Irati and Ponta Grossa 
Formations Samples.” 3° Congresso Brasileiro de P&D em Petróleo e Gás, 2 a 5 de outubro de 2005, 
Salvador, Brasil. 

18 Rodriquez, J. and Cagnolatti, M.J., 2008.  “Source Rocks and Paleogeography, Austral Basin, 
Argentina.”  American Association of Petroleum Geologists, Search and Discovery Article #10173, 24 p. 



VII.  Other South America   EIA/ARI World Shale Gas and Shale Oil Resource Assessment 

 

 
June, 2013  VII-19   

                                                                                                                                                             
19 Romans, B.W., Fildani, A., Hubbard, S.M., Covault, J.A., Fosdick, J.C., and Graham, S.A., 2011.  

“Evolution of Deep-water Stratigraphic Architecture, Magallanes Basin, Chile.”  Marine and Petroleum 
Geology, vol. 28, p. 612-628. 

20 Fildani, A. and Hessler, A.M., 2005.   “Stratigraphic Record Across a Retroarc Basin Inversion: Rocas 
Verdes–Magallanes Basin, Patagonian Andes, Chile.”  Geological Society of America, vol. 117, p. 
1596-1614. 

21 Ramos, V.A., 1989.  “Andean Foothills Structures in Northern Magallanes Basin, Argentina.”  American 
Association of Petroleum Geologists, Bulletin, vol. 73, no. 7, p. 887-903. 

22 Pittion, J.L. and Arbe, H.A., 1999.  “Sistemes Petroleros de la Cuenca Austral.”  IV Congreso 
Exploracion y Desarrollo de Hidrocarburos, Mar del Plata, Argentina, Actas I, p. 239-262. 

23 Methanex, Investor Presentation, September 27, 2012, 129 p.  
24 Legarreta, L. and Villar, H.J., 2011.  “Geological and Geochemical Keys of the Potential Shale 

Resources, Argentina Basins.”  American Association of Petroleum Geologists, Search and Discovery 
Article, Adapted from AAPG Geoscience Technology Workshop, “Unconventional Resources: Basics, 
Challenges, and Opportunities for New Frontier Plays,” Buenos Aires, Argentina, June 26-28, 2011. 

25 Venara, L., Chambi, G.B., Cremonini, A., Limeres, M., and Dos Lagunas, E., 2009.  “Producing Gas 
And Condensate From a Volcanic Rock In The Argentinean Austral Basin.”  24th World Gas Congress, 
5-9 October, Buenos Aires, Argentina. 

26 Methanex, Investor Presentation, March 2013, 37 p. 
27 Methanex, news release, April 2013. 
28 GeoPark Holdings Limited, “Second Quarter 2012 Operations Update,” July 23, 2012, 6 p. 



VIII. Poland

 

 
  
June, 2013 
 
 
 

VIII. P

SUMMA

P

developm

relatively

structura

area, the

coaly sha

Source

  

 

POLAN

ARY 

Poland has s

ment.  The B

y simple stru

lly complex,

e Fore-Sude

ale potential

e:  Modified from

D (INCLU

some of Euro

Baltic Basin 

uctural settin

 with closely

etic Monoclin

 similar to A

Figure VIII-1

m San Leon Ener

VI

UDING LIT

ope’s most f

in northern 

ng.  The Pod

y spaced fau

ne in southw

Australia’s Co

: Location of 

rgy, 2012 

 EIA/ARI W

II-1 

THUANIA A

favorable inf

Poland rem

dlasie and L

ults which m

west Poland

ooper Basin.

 Assessed Sh

World Shale Ga

AND KAL

frastructure 

mains the mo

Lublin basins

ay limit horiz

, is less rec

. 

ale Basins in 

s and Shale Oil 

LININGRA

and public 

ost prospect

s also have 

zontal shale

cognized but

 Poland. 

 Resource Asses

 

D)  

support for s

tive region w

potential bu

 drilling.  A f

t has non-m

ssment 

shale 

with a 

ut are 

fourth 

marine 



VIII. Poland

 

 
  
June, 2013 
 
 
 

P

shale ga

Lithuania

shale oil

technical

confirme

challengi

assessm

an energ

Source:  ARI, 2

D

P
h
y
si
ca
l 
Ex
te
n
t Pros

Thic

Dept

B
a
si
c 
D
a
ta

R
e
so
u
rc
e

Gas 

GIP 

Risk

Risk

R
e
se
rv
o
ir
 

P
ro
p
e
rt
ie
s Rese

Aver

Ther

Clay

  

 

Poland’s risk

s and 1.8 b

a adds 0.4 T

 resources, 

lly recoverab

d the shale

ing than orig

ment resulted

gy-equivalen

Tab

2013 

Organica

Net 

Interval

Average

Depositional Environ

spective Area (mi2)

ckness (ft)

th (ft)

Basin/Gross Are

Shale Formation
Geologic Age

 Phase

 Concentration (Bcf/m

ked GIP (Tcf)

ked Recoverable (Tcf

ervoir Pressure

rage TOC (wt. %)

rmal Maturity (% Ro)

y Content

ked, technica

billion barrels

Tcf and 0.3 

Table VIII-

ble shale ga

e resource 

ginally antici

d in a 20% r

t basis. 

le VIII-1: Shale

830
ally Rich 820

451
6,500 - 9,8

8,200
Mod. 

Overpres
3.9%

0.85%
Medium

Assoc. Ga

36.6

12.1

1.2

nment

a
Ba

n
L. S

mi2)

f)

)

VI

ally recover

s of shale o

billion barre

3.  Kalining

as and shale

potential b

pated by ind

reduction in 

e Gas Reservo

2,070 5
820 8
451 4

800 7 - 13,000 9 - 
10,000 12

ss.
Mod. 

Overpress
M

Ove
3.9% 3

1.15% 1
m Medium Me

as Wet Gas Dr

131.0 1

108.5 4

21.7 8

Marine

altic/Warsaw Trough

(16,200 mi2)

Llandovery
il - Ord. - U. Cambrian

 EIA/ARI W

II-2 

rable shale 

il in four ass

els of risked

grad adds 2

e oil resourc

but suggest

dustry.  New

EIA/ARI’s e

oir Properties 

Lubl

(4,980 

Llando
L.Sil-Ord-U.C

Marin

5,680 2,39
820 415
451 228
16,000 7,000 - 1
2,500 11,00
Mod. 
erpress.

Slightly Ove

3.9% 3.0%
.80% 1.35
edium Mediu

ry Gas Dry G

81.1 91.2

411.5 45.8

82.3 9.2

n

World Shale Ga

resources a

sessed basi

d, technically

.0 Tcf and 

ces, Table V

ts that rese

w data collec

estimate of P

 and Resourc

in

mi2)

overy
Cambrian
ne

90 1,000
5 540
8 297
16,000 6 - 9,000
00 7,500

erpress.
Slightly 

Overpres
% 3.0%

5% 0.85%
um Medium

Gas Assoc. Ga

2 27.4

8 6.6

2 0.7

L. 

s and Shale Oil 

are estimate

ins, Tables 

y recoverabl

1.2 billion b

VIII-3.  Initia

ervoir cond

cted since ou

Poland’s sha

ces of Poland. 

1,100
540
297

0 6,500 - 11,500 1
9,500

 
s.

Slightly 
Overpress. O

3.0%
1.15%

m Medium

as Wet Gas

82.3

21.7

4.3

Sil - Ord. - U. Cambri
Marine

Podlasie

(6,600 mi2)

Llandovery

 Resource Asses

 

ed at 146 T

VIII-1 and V

le shale gas

barrels of ris

al exploration

ditions are 

ur 2011 reso

ale resource

 

Fore S

(19,70

Carbon
Carbon

Lacus

860 9,0
540 33
297 18

0- 16,000 8 - 16
12,500 12,0
Slightly 

Overpress
Slig

Overp
3.0% 3.0

1.80% 1.6
Medium Med

Dry Gas Dry 

122.4 67

25.3 106

5.1 21

ian

ssment 

Tcf of 

VIII-2.  

s and 

sked, 

n has 

more 

ource 

es, on 

 

Sudetic

00 mi2)

niferous
niferous
strine

070
30
82
6,000
000
htly 

press.
0%
0%

dium

Gas

7.2

6.7

.3



VIII. Poland

 

 
  
June, 2013 
 
 
 

Tabl

 

P

vertical e

been dril

Last yea

  

 

Tab

Source:  ARI, 2

e VIII-3: Shale

Poland’s sha

exploration w

lled to date.

r, ExxonMo

P
h
y
si
ca
l 
Ex
te
n
t Pr

Th

De

B
as
ic
 D
a
ta

R
e
so
u
rc
e

Oi

OI

Ri

Ri

R
e
se
rv
o
ir
 

P
ro
p
er
ti
es Re

Av
Th
Cl

ble VIII-2: Shal

2013. 

e Gas and Sha

le industry i

wells and a h

.  However, 

bil abandon

Orga
Net 
Inte
Ave

rospective Area (m

hickness (ft)

epth (ft)

Basin/Gross

Shale Form
Geologic A

Depositional Env

il Phase

IP Concentration 

isked OIP (B bbl)

isked Recoverable

eservoir Pressure

verage TOC (wt. %
hermal Maturity (%
lay Content

VI

le Oil Reservo

ale Oil Reservo

s still at an 

half-dozen v

early result

ed the fault

anically Rich

rval 6,5
rage

O

mi2)

s Area

mation
Age
vironment

(MMbbl/mi2)

e (B bbl)

%)
% Ro)

L

 EIA/ARI W

II-3 

oir Properties 

 

oir Properties 

early explor

vertical and t

ts have not 

-prone Lubl

830

820
451

500 - 9,800 7,000
8,200 1
Mod. 

Overpress. Ove
3.9%

0.85% 1
Medium M

Oil Con

42.2

14.0

0.70

Baltic/Warsaw Tr

(16,200 mi2)

Llandovery
L. Sil - Ord. - U. Ca

Marine

World Shale Ga

and Resource

 and Resourc

ratory, pre-c

two horizont

met industr

in and Podl

2,070 1,

820 5
451 2

0 - 13,000 6,000
10,000 7,
Mod. 
erpress.

Sli
Over

3.9% 3.
1.15% 0.8

Medium Me

ndensate O

12.8 3

10.6 8

0.53 0

rough

)

y
ambrian L. S

s and Shale Oil 

es of Poland. 

ces of Lithuan

commercial p

tal productio

ry’s high init

asie basins 

,000 1,10

540 54
297 29
0 - 9,000 6,500 - 
,500 9,50
ghtly 
rpress.

Sligh
Overp

.0% 3.0
85% 1.15

edium Med

Oil Conde

36.2 11.

8.7 2.9

0.43 0.1

Podlasie

(6,600 mi2)

Llandovery
Sil - Ord. - U. Camb

Marine

 Resource Asses

 

 

ia/Kaliningrad

phase.  Abo

on test wells 

tial expectat

after drilling

00

40
97
11,500
00
htly 
ress.

0%
5%
ium

ensate

.1

9

15

brian

ssment 

d  

 

out 30 

have 

tions.  

g two 



VIII. Poland

 

 
  
June, 2013 
 
 
 

vertical t

initial tes

favorable

with rese

Meanwh

introduci

Y

North Am

requires 

over 100

largest s

well and 

a key ch

achieving

fold highe

INTROD

W

recent ex

developin

2007 wh

developm

T

block siz

back-in r

contract 

30-year p

licenses 

country’s

 

  

 

test wells.  

st wells in t

e Baltic Basi

ervoir qualit

ile, the gove

ng higher ta

Yet, it is too s

merica typic

many hundr

0 geologically

hale lease p

recently dril

allenge, inc

g better exe

er well cost 

DUCTION 

With an esta

xperience w

ng a viable 

hen the Min

ment, includi

The current i

ze, minimal 

rights, and r

comprises a

production p

have been 

s area. 

ConocoPhil

the Baltic a

n, Marathon

ty and bein

ernment deb

xes and ma

soon to dism

ally requires

reds more.  

y diverse lic

position, rep

lled a horizo

luding locati

ecution of hy

differential c

ablished ons

ith coalbed 

shale gas/o

istry of Env

ng a simple 

nvestment te

signature f

educed prod

an initial 5-y

period.  Indus

awarded, c

 

VI

lips and Ch

nd Lublin b

n and Talism

ng “not part

bates rolling

ndating gove

miss Poland’s

s drilling ab

E&P compa

censes.  Sta

ported test g

ontal offset w

ing the best

ydraulic frac

compared w

shore conve

methane ex

il industry.  

vironment im

tax and roy

erms for sha

fees of 50 E

duction roya

year explora

stry’s respon

covering mo

 EIA/ARI W

II-4 

hevron are 

basins, respe

man recently 

ticularly ent

g back some

ernment bac

s extensive 

out 100 we

anies continu

te oil compa

gas productio

well.  Determ

t completion

ture stimula

ith North Am

entional oil a

xploration, P

Shale leasin

mplemented 

alty fiscal sy

ale gas deve

Euros/block,

alties of $0.0

ation period,

nse has bee

ore than 35,

World Shale Ga

moving cau

ectively.  A

exited after 

thused by r

e favorable 

ck-in rights.

shale poten

lls, while ac

ue to explor

any PGNiG, 

on from its f

mining best-p

n zones with

ations, and r

merica. 

and gas pro

oland offers

ng and deve

highly favo

ystem. 

elopment inc

, freedom f

06/Mcf and $

, which can 

en strong: ov

000 km2, n

s and Shale Oil 

utiously towa

And even in 

expressing 

results we'v

shale inves

tial.  Deriski

chieving eco

re Poland’s s

which contr

first stimulat

practices op

in the thick 

reducing the

oduction ind

s Europe’s b

elopment in 

orable policie

clude a 1,20

from manda

$1.60/bbl.  T

be extende

ver 100 shale

o less than 

 Resource Asses

 

ards drilling 

the geolog

“disappointm

ve had to d

stment term

ng shale pla

onomies of 

shale potent

rols the cou

ted vertical s

perations rem

shale seque

e current sev

dustry as we

best prospec

Poland beg

es for shale

00-km2 maxi

atory govern

The typical s

ed, followed 

e gas explor

 one-third o

ssment 

their 

gically 

ment” 

date.”  

ms, by 

ays in 

scale 

tial in 

ntry’s 

shale 

mains 

ence, 

veral-

ell as 

cts for 

gan in 

e gas 

imum 

nment 

shale 

by a 

ration 

of the 



VIII. Poland

 

 
  
June, 2013 
 
 
 

H

terms w

establish

developm

investme

T

successf

with one

fracturing

as explo

service c

stimulatio

GEOLO

P

activity is

Baltic Ba

Basin in 

Carpathia

shales, b

T

shale de

to 5,000 

areas oc

kerogen.

to extens

and gas 

H

combinat

understo

porosity. 

  

 

However, mo

hich may i

hing a gove

ment project

ent in shale e

The initial res

ful than hope

e operator te

g operations

ration contin

companies a

on technolog

OGIC OVER

Poland has f

s taking plac

asin and Wa

east Polan

an Foreland

but this area 

The Paleozo

posits which

m.  Most ar

ccurring in t

  Abundant 

sive study a

fields.  Basic

However, th

tion of high

ood.  Severa

 And where

ore recently 

ncrease pro

ernment-ow

ts.  These 

exploration a

sults from so

ed.  Product

esting ~4% 

s to stimulate

nues, opera

are likely to

gy.  

RVIEW 

four main ba

ce, Figure V

arsaw Troug

d, and the 

d belt of sou

is structural

oic sedimen

h in places a

reas are in t

the north a

geologic dat

as they are c

c shale expl

he distributi

h porosity a

al of the ea

eas quartz c

VI

the governm

ofit taxes o

ned entity 

changes, if

at a time of d

ome 30 vert

tion rates an

porosity an

e production

ators may su

o improve th

asins where

VIII-1.  Discu

gh in northe

Fore-Sudeti

utheastern P

lly complex a

tary sequen

are thick, org

the gas-pron

nd east.  O

ta exists on 

considered t

oration map

on of favo

and brittle m

arly shale e

ontent in se

 EIA/ARI W

II-5 

ment is disc

on shale ga

to gain a 

f implement

disillusionme

tical and two

nd reservoir 

nd ~40% cla

n from the sh

uccessfully i

heir impleme

e Paleozoic 

ussed separ

rn Poland, t

c Monocline

Poland, cou

and has not 

nce in Pola

ganic-rich an

ne thermal m

Organic mat

these Paleo

the main so

ps can be ac

orable shal

mineralogy w

exploration 

elected areas

World Shale Ga

cussing mod

as productio

 minority e

ted, could s

ent with early

o horizontal

quality have

ay content 

hale also ha

identify the 

entation of 

shales are 

rately in Sec

the Podlasie

e in the sou

ld be prosp

yet been ta

and contain

nd buried at 

maturity wind

tter general

ozoic shales

ource rocks f

curately con

e rock pro

with low cla

wells have 

s can be fav

s and Shale Oil 

difications to

on to 40% 

equity stake

significantly 

y well result

l shale wells

e been lowe

in several w

ave been su

geologic sw

North Amer

prospective

ctions 1-4, t

e Depressio

uthwest.1  A

pective for o

rgeted for sh

ns several m

 prospective

dow, with sm

lly is domin

s.  They have

for Poland’s

nstructed in m

operties -- 

ay content 

tested low

vorably high

 Resource Asses

 

o the shale 

or more, 

e in shale 

reduce ind

ts. 

s have been

er than expe

wells.  Hyd

b-par.  How

weet spots, 

rican drilling

e and explor

these includ

on and the L

A fifth region

oil-prone Jur

hale leasing

marine-depo

e depths of 1

maller liquids

nated by Ty

e been subje

s convention

most regions

particularly

-- is still p

er-than-expe

 (40-80%), s

ssment 

fiscal 

while 

gas 

dustry 

n less 

ected, 

raulic 

wever, 

while 

g and 

ration 

e the 

Lublin 

n, the 

rassic 

.   

osited 

1,000 

s-rich 

ype II 

ected 

nal oil 

s. 

y the 

poorly 

ected 

some 



VIII. Poland

 

 
  
June, 2013 
 
 
 

recent sh

fracture s

the exten

completio

needed t

T

Silurian 

Cambria

also have

 L
ex
th
b
re
of
u
g
P
a

 O

d
D
d

 C
C
ex
C
th
w
te

T
th

se
o
q

  

 

hale drilling 

stimulation. 

nt and precis

on.  Conse

to define pot

The main str

and Ordovi

n shale is e

e potential. 

Lower Silur
xploration ta

housand me
ottom of the
esistivity, hig
f dark gray 
sually filled
enerally ave

Podlasie Bas
s well.  The 

Ordovician. 

eposit exte
Dictyonema 

eposits. 

Cambrian.  
Cambrian al

xploration.  
Cambrian.  U
hin shales n

which repres
errigenous s

The Lower C
he relatively

equence co
nly in the no
uite thin (sev

has tested h

 In addition,

se location o

equently, co

tential sweet

ratigraphic t

cian marine

merging as 

rian (Llando
arget in Pola
eters of sha
e section.  T
gh-TOC sec
to black, de
 with calcit

erages 1.5%
sin averages
Wenlock is 

 Marine-dep

nding from 
Shale, whic

Although n
so contains
PGNiG an

Up to 700 m 
near the top
sent the tran
edimentary 

Cambrian is d
y thin Mid-C

ntaining hig
orthern part 
veral to 50 m

VI

high clay co

, the local st

of problema

onsiderable 

t spots. 

targets for s

e-deposited 

a secondar

overy-Wenlo
and.  The Si
ale and silts
The most p

ction in the L
ense siltston
te, although

% to 2.5% TO
s 6% TOC a
richest in the

posited grap

Scandinav
ch comprise

ot evaluate
s organic-ric
nd Lane En

of Cambrian
.  Cambrian
nsition from 
environmen

dominated b
Cambrian A

h TOC.3  Th
of the Baltic

m). 

 EIA/ARI W

II-6 

ntent (30-40

tructural geo

atic faults wh

exploration 

shale gas/o

shales.  T

ry objective, 

ock) graptol
lurian sectio
stone, with 
rospective p
Llandovery, 
nes and sha
h the matrix
OC but is ric
and TOC ca
e eastern Ba

ptolitic black 

via to Russ
es fine-grai

d in the pr
ch shale th
ergy have 
n section is 

n units includ
continental 
ts.   

by quartz sa
Alum Shale

he Upper C
c Basin, con

World Shale Ga

0%), which i

ology often i

hich may int

drilling an

oil exploratio

The thinner 

while non-m

itic black s
on comprises
TOC gener

portion is ap
Wenlock an
les.  Natura
x is non-ca
cher in the c
an be high in
altic and sou

shales in P

sia.2  These
ned, non-m

revious 201
hat increas
reported te
present, mo
de the Zarn
alluvial fan

ndstones in
e is a trans

Cambrian to 
ntains high a

s and Shale Oil 

s less cond

is poorly kno

erfere with s

d seismic s

on in Poland

but therma

marine Carb

shale is the
s several hu
rally increas
pproximately
nd lowest Lu
al fractures a
alcareous.  
central Baltic
n the northw
utheastern L

Poland are p

e include E
metamorphos

1 EIA/ARI 
ingly is be

est gas prod
ostly tight sa
nowiec and 
 deposits to

terbedded w
sgressive, s

Tremadocia
average TOC

 Resource Asses

 

ucive to effe

own, in part

shale drilling

surveys are

d are the L

ally more m

boniferous s

e primary s
undred to se
sing towards
y 500 m of 
udlow, cons
are common
The Llando

c Basin, whil
west Lublin B
Lublin basins

part of a reg

Early Ordov
sed, organic

assessment
ing targeted
duction from
andstone but
Upper Vend
o shallow m

with shales, 
sediment-sta

an shale, pre
C of 3-12% b

ssment 

ective 

icular 

g and 

e still 

Lower 

mature 

hales 

shale 
everal 
s the 
high-
isting 

n and 
overy 
le the 
Basin 
s.  

gional 

vician 
c-rich 

t, the 
d for 

m the 
t with 

dians, 
marine 

while 
arved 

esent 
but is 



VIII. Poland

 

 
  
June, 2013 
 
 
 

 C

se
u
d
m
b
C
te

In

organic-r

apparent

 U
P
se
b

d
H
o
p
K

 M
o

n
M
h
a
T
Ju

co
p
co

 

 

  

 

Carboniferou

equences o
nits, such a
eposits.  Alt

methane exp
rittle enough

Cooper Basi
esting the Ca

n addition t

rich shale c

tly less prosp

Upper Perm
Permian Ro
equence, th
asins as we

eposited un
However, the

ccur in high 
roduction.  

Kupferschiefe

Mesozoic an
ccur in the 

on-marine a
Miocene Men

igh-quality s
ddition, up t

TOC is prese
urassic orga

onsidered w
resent in the
omplex to be

us Coaly S

of Carbonife
s the Anthra
though cons

ploration targ
h for effectiv
n of Austra
arboniferous

to these fou

candidates e

pective shal

mian Kupfer
tliegendes 
e Kupfershie

ell as in othe

nder anoxic
e economica

concentrati
None of 

er. 

nd Tertiary 
Carpathian 

and mostly 
nilite black s
source rock f
to 200 m of

ent in the Jur
anic-rich Mik

world-class s
e subthrust o
e prospectiv

 

VI

Shales.  Non

rous age a
acosia Shale
sidered goo
gets in their
ve shale de

alia recently 
s shales in s

ur main str

exist in Po

es include:

rschiefer S
tight sands
efer Shale is
r areas of P

c marine co
ally importan
ons in this s
the Poland

Shales.  Nu
Foredeep B

thermally i
shale, with 4
for conventio
f organic-ric
rassic (Bath
kulov marls

source rocks
of the Polish

ve for shale d

 EIA/ARI W

II-7 

n-marine, la

re widely p
es, are asso
d source ro
r own right, 
evelopment. 

have produ
outhwest Po

ratigraphic t

land but we

hale.  Strat
stone and 
s present in
oland.  The 

onditions, ty
nt metal sulf
shale may in
d shale op

umerous you
Basin of sou

mmature.6  
4-8% TOC (m
onal oil and 
h sandy mu
onian-Aalen
, about 140

s in the near
h Carpathian
developmen

World Shale Ga

acustrine-de

present in P
ociated with 
ocks for natu

these coal-
 However, 

uced shale 
oland’s Fore

targets that 

ere exclude

tigraphically
the U. Pe

n the Fore-S
Kupferschie

ypically con
fides (pyrite
nterfere with 
perators ha

unger, organ
utheast Pola

For examp
mainly Type
gas fields in

udstone and
nia) foreland
00-m thick w

rby Vienna B
ns but appea
nt. 

s and Shale Oil 

posited carb

Poland.4  Th
economical

ural gas, as
shale packa
comparable
gas.  San 

e-Sudetic Mo

were asse

ed from this

y positioned 
ermian Zec
Sudetic Mono
efer is a blac

ntaining 7%
, spalerite, g
 fracture stim

ave reporte

nically rich b
and, but the

ple, the Oli
e II kerogen)
n the Carpat
d claystone w
 platform.  F

with 0.2% to

Basin.7  The
ars too deep

 Resource Asses

 

bonaceous s

hese organic
lly important
 well as coa

ages may n
e deposits i

Leon Ener
onocline. 

essed, addit

s study.  T

between th
hstein evap
ocline and L
ck shale tha

 to 16% T
galena) that
mulation and

ed targeting

black shales
ese generally

igocene to 
), is conside
thian fold be
with average
Finally, the U
o 10% TOC

e Mikulov ma
p and struct

ssment 

shale 

c-rich 
t coal 
albed 
ot be 
n the 
rgy is 

tional 

These 

he L. 
porite 
Lublin 
t was 

TOC.5  
t also 
d gas 
g the 

s also 
y are 

early 
red a 

elt.  In 
e 4% 

Upper 
C, are 

ay be 
urally 



VIII. Poland

 

 
  
June, 2013 
 
 
 

PGI AND

In

collabora

released 

oil resou

PGI stud

and colle

gas logs,

measure

P

Podlasie

1.956 bil

estimate 

PGI’s est

T

current e

Tables V

while PG

gas drilli

research

differenc

 M
a

s
th
s
E
m

E
p
A

  

 

D USGS A

n 2012 the 

ated on a pr

separate in

rces within L

dy drew heav

eagues at P

, core, and s

d from shale

PGI estimate

-Lublin regio

lion barrels 

was about 

timate.10 

The PGI and

estimate of 

VIII-1 and VI

GI and USGS

ng and gas

ers followe

es among th

Methodology
ssessing sh

hale produc
here are no 
hale plays a

EURs “on the
methodology 

EIA/ARI follo
lace and th

American sha

SSESSME

Polish Geol

reliminary sh

dependent a

Lower Paleo

vily on earlie

GI.8  Both th

seismic data

e industry ex

ed technica

on to be 230

of oil (their “

1.345 Tcf 

d USGS re

146 Tcf and

II-2.  Part o

S both exclu

s production

d a differe

he PGI, USG

y.  PGI and
hale gas an

ction data ar
empirical sh
as analogs f
e lower end
for its Polan

wed a diffe
hen estimatin
ale plays. 

VI

NTS OF PO

ogical Instit

hale gas and

assessment

ozoic format

er detailed s

he PGI and 

a collected d

xploration pr

ally recovera

0.5 to 619.4

“higher prob

and 0.168 

esource esti

d 1.8 billion 

f the differe

ded the For

 are underw

nt methodo

GS, and EIA/

d the USGS
d shale oil 

re analyzed 
hale producti
for Poland, 

d” of 26 sha
nd assessme

rent (volume
ng likely rec

 EIA/ARI W

II-8 

OLAND SH

ute (PGI) a

d shale oil a

s of the tech

tions in the B

shale mappi

USGS stud

uring the 19

rograms in P

able shale 

4 billion m3 (

bability range

billion barre

mates both

barrels for 

nce arises b

re-Sudetic M

way.  But m

ology and u

/ARI studies

S followed th
resources i

to estimate 
ion data.  PG
instead sele

ale gas play
ent has not b

etric) approa
covery facto

World Shale Ga

HALE GAS

nd the U.S.

assessment 

hnically reco

Baltic, Podla

ing and ana

dies were ba

970-80’s.  Ne

Poland.   

gas resour

(8 to 22 Tcf)

e” estimate)

els (mean e

 are consid

Paleozoic s

because PG

Monocline, tw

most of the 

used differe

s are as follo

he methodo
in the Unite

per-well rec
GI considere
ecting for its

ys evaluated
been publish

ach: calcula
ors based o

s and Shale Oil 

S RESOURC

. Geological

t of Poland. 

overable sha

asie, and Lu

alysis conduc

ased on con

either study 

rces in the 

), with an ad

.9  The corre

stimate), or

derably less

shale gas a

GI excluded 

wo large reg

difference is

ent assumpt

ows: 

ology used b
ed States, w

coveries.11  
ed but reject
s mean esti

d by the US
hed but appe

ating the pro
on multiple 

 Resource Asses

 

CES 

l Survey (US

 PGI and U

ale gas and s

ublin basins. 

cted by Pop

nventional oi

cited recent

onshore B

dditional 1.5

esponding U

r roughly 10

s than EIA/A

nd oil in Po

the Lublin B

ions where s

s because t

tions.  The

by the USG
wherein emp

In Poland’s 
ted individua
imate a ran
GS.  The U
ears similar.

ospective ga
analogous N

ssment 

SGS) 

USGS 

shale 

 The 

prawa 

il and 

t data 

Baltic-

569 to 

USGS 

0% of 

ARI’s 

oland, 

Basin, 

shale 

these 

e key 

GS for 
pirical 

case 
al US 
ge of 

USGS 
. 

as in-
North 



VIII. Poland

 

 
  
June, 2013 
 
 
 

 P
b
P
3
fo
of

H
s
m
w
n

U
2

w
re
th

H
co
b
b

p
in
fo

T
e
re
B
is
p
s

 B
L
o
re
U
cu
in

 

  

 

Per-Well Rec
e lower tha

Poland, the U
4,000 bbl/w

or Poland on
f 0.04 Bcf/w

However, imp
hale plays in

much better t
wells have no

ew developm

Using produc
011 USGS 

within their m
ecovery on t
he Marcellus

However, M
ompletion te
etween 5 an
y 10 large M

lay, has rise
n per-well re
or continuou

The EIA/ARI 
stimate rec
ecoveries of 

Bcf/well.  This
s still in the
otential, bas
hale resourc

Basins Asse
ublin Basin 
ther compan
ecently drille

USGS Poland
urrent EIA/A

ncludes the F

covery.  PG
n those cal
USGS estim
ell on 160-a

n implied 150
ell. 

proved techn
n recent yea
than the wel
ot been emp
ment has be

ction data av
Marcellus st

main Interior 
the tighter 1
s today. 

Marcellus op
echnology h
nd 11 Bcf/w
Marcellus op

en to 7.1 Bcf
ecovery in re
s appraisal o

study does 
covery effici

10% to 20%
s has not ye
e early expl
sed in part 
ce estimate i

essed.  The 
was exclude
nies are con
ed the first h
d map indica
ARI assessm
Fore-Sudetic

VI

GI and USGS
culated by 

mated avera
acre spacing
0-acre well s

nology has s
ars.  For exa
ls initially dr

ployed for M
een entirely b

vailable at th
tudy estimat

Marcellus p
07-acre wel

perators rec
as steadily 

well at prese
perators, wh

f/well, Table 
ecent years d
of even prov

not explicit
iency.  Ass

%, our equiva
et been confi
loration pha
on more cu
is so much l

PGI assess
ed due to lo
ntinuing to ex
horizontal we
ates they as
ment covers
c Monocline

 EIA/ARI W

II-9 

S estimated
the USGS f
ge shale ga

g.  PGI estim
spacing, with

significantly 
ample, rece
rilled in this p

Marcellus dev
based on ho

e time, whic
ted a mean 

play.12  This 
l spacing (6 

cently are 
boosted the
nt.  Indeed, 
hich accoun

VIII-4.13  Ot
due to impro
ven shale pla

ly estimate 
suming 80-
alent per-we
irmed by we
ase.  Our a
rrent US da
arger than th

ment is limit
w TOC.  Ho
xplore for sh
ell there and
ssessed the 
s the Baltic
, where sha

World Shale Ga

that per-we
for many sh
as and oil E
mated an av
h maximum 

increased p
nt Marcellus
play during 2
velopment s
orizontal wel

ch included m
1.15 Bcf ga

 equates to 
 wells per m

reporting t
eir average 

the averag
nt for most o

her US shal
oved techno
ays. 

per-well rec
-acre spaci
ell recoveries
ell testing in P
assumption 
ata, is a ma
he PGI and 

ted to the Ba
owever, PGN
hale gas in t
d is preparin
Baltic, Podla
, Podlasie, 
le gas leasin

s and Shale Oil 

ll recoveries
hale plays i
EUR’s of 0.2
verage 0.4 B
of 1.0 Bcf/w

per-well reco
s Shale well
2007-10.  In

since about 2
ls.   

many early v
as recovery 

approximat
mi2) that is co

that improv
horizontal w
e per-well re
of the gas p

e plays have
ology, under

covery for Po
ng and rel
s in Poland r
Poland but t
of higher p

ajor reason w
USGS estim

altic and Pod
NiG, Chevro
the Lublin B
ng to fracture
asie, and Lu
and Lublin 

ng and drillin

 Resource Asses

 

s in Poland w
n the USA. 
245 Bcf/wel
Bcf/well reco

well and mini

overy in mos
ls are perfor
 addition, ve
2009, after w

vertical wells
per 149-acre

tely 0.82 Bc
ommonly us

ved drilling 
well recoveri
ecovery rep
production in

e seen incre
rscoring the 

oland, but w
latively low
range from 1
the industry
per-well reco
why the EIA

mates. 

dlasie basins
on, Marathon
asin.  PKN O
e stimulate. 

ublin basins.
basins but 

ng are under

ssment 

would 
 For 

l and 
overy 
imum 

st US 
rming 
ertical 
which 

s, the 
e cell 

cf/well 
sed in 

and 
es to 

ported 
n this 

eases 
need 

we do 
w gas 
1 to 4 
there 
overy 
A/ARI 

s; the 
n and 
Orlen 
 The 
  The 
 also 
rway. 



VIII. Poland

 

 
  
June, 2013 
 
 
 

T

 T
s
e
to
a
p

In

includes 

recent sh

considera

 

Ra

Con

Chev

Ta

U

A

C

Ch

Sout
Na

Ope

M

USGS 

Equiv

PG

Shal

USG

Shal

  

 

Table VIII-4 : C

TOC.  PGI s
ignificant sh
valuation pr

o 50-year-old
nd publishe
ortions of th

n summary, 

two addition

hale industry

ably less tha

Source

Chesapeake

ange Resources

Shell

Statoil

ExxonMobil

EQT Corp.

sol/Noble Energy

vron Atlas Relianc

alisman Energy

ltra Petroleum

Anadarko Corp.

abot Oil & Gas

hevron Chief Oil

BG Exco JV

thwestern Energy
ational Fuel Gas

erator Marcellus

Mean or Total

Interior Marcell

v 107‐Ac Mean E

GI Poland Mean  

le Gas 150‐Ac Est

GS Poland Mean

le Gas 160‐Ac Est

Comparison of

screened ou
ale layers th
ocess was “
d core and lo

ed source ro
e deep Lubl

the EIA/ARI

nal shale pla

y data, and 

an) actual M

 

Bcf/well

5.2

8.5

‐

‐

‐

7.3

y 5.9

ce ‐

5.0

6.0

8.0

11.0

‐

‐

y 8.0
6.0

 

7.1

us 

Est 0.82

     

t 0.40

 

t 0.25

Mean Estim

Recovery Bcf

VII

f Marcellus an

ut the Lublin
hicker than 1
“not easy an
og data.  EIA
ock studies,
in Basin still

I shale gas/o

ays (Podlas

assumes hi

arcellus Sha

Source

Chesapeake

Range

‐

‐

‐

EQT

Consol

‐

Talisman

Ultra

Anadarko

Cabot

‐

‐

Southwestern
NFG

Operators

USGS

PGI

USGS

mated Ultimate

f/107‐acre Well

 EIA/ARI W

I-10 

nd Poland Sha

 

n Basin bec
15 m with TO
nd straightfo
A/ARI, relyin
 developed 
l may have p

oil resource 

sie and Fore

gher recove

ale well perfo

Current Net

Production

Million ft3/d

800

600

295

451

‐

800

280

158

450

194

330

930

140

‐

300
194

5,922

‐

0

0

World Shale Ga

ale Gas Per-W

cause their 
OC above 2

orward” due 
ng on more r
 a more op
prospective 

estimate fo

e-Sudetic Mo

ery factors m

ormance. 

Tcf Sour

39.0 Chesap

30.0 Rang

24.1 ARI e

18.9 Stat

17.6 ARI e

15.0 EQT

14.8 Nob

13.0 Atla

8.0 Talism

7.4 Ultr

6.0 Anada

5.3 ARI e

5.0 Chevr

4.8 Exc

4.7 ARI e

4.1 ARI e

218

81.4

8 to 22

1.3

Proved Reserv

+ Risked Resour

s and Shale Oil 

Well Recovery 

log analysis
%.  Howeve
to the poor 
recent shale
ptimistic view
shale target

or Poland is 

onocline), in

more consist

Report

rce Date

peake 2/21/2013

ge 3/4/2013

est 5/28/2010

oil 2/28/2013

est 8/23/2012

QT 2/5/2013

ble 2/7/2013

as 5/6/2010

man 2/13/2013

ra 3/4/2013

arko 2/20/2013

est 2/28/2013

ron 5/4/2011

co 5/10/2010

est 3/1/2013

est 2/7/2013

11/23/2011

3/1/2012

7/1/2012

ves

rces

 Resource Asses

 

Estimates 

s did not ide
er, they note
quality of th

e exploration
w that shal
ts. 

larger becau

ncorporates 

tent with (bu

Location

in play

PA & WV

NE PA

PA & WV

PA & WV

PA & WV

PA & WV

PA & WV

SW PA

NE PA

NE PA

NE PA

NE PA

SW PA

Central PA

NE PA

Central PA

PA & WV

PA & WV

Baltic‐Podlasie

Baltic‐Podlasie

ssment 

 

entify 
ed the 
e 40- 

n data 
lower 

use it 

more 

ut still 



VIII. Poland

 

 
  
June, 2013 
 
 
 

1. B

1.1 In

T

Europe), 

Mesozoic

gas and 

unconfor

basin ext

F

principal 

window. 

Faulting 

dip gentl

appear to

most like

rapid dep

T

Paleozoi

boundary

a deform

extends t

 

  

 

BALTIC BA

ntroduction

The 16,200-m

relatively 

c deposits, i

oil develop

rmities relate

tends into Li

igure VIII-2 

targets for e

 The basin’

does occur 

y in this bas

o be intact a

ely related to

position duri

The Baltic B

c post-rift d

y is defined 

med fault zon

to the north 

ASIN 

n and Geo

mi2 Baltic Ba

tectonically 

ncluding Low

ment.14  The

ed to Caled

thuania and

illustrates t

exploration i

s structure 

but it is mo

sin, Figure V

and free of 

o uplift durin

ng the late P

Basin forme

downwarpin

by the north

ne, while the

into the Balt

VII

logic Setti

asin in north

quiescent 

wer Paleozo

ese mostly 

onian, Varis

d the Kalining

the depth to

in the Baltic 

is much sim

re widely sp

VIII-3. Detaile

faulting in p

ng the Devo

Paleozoic an

ed as a res

g of the E

hwest-southe

 Mazury-Be

tic Sea.   

 EIA/ARI W

I-11 

ng 

ern Poland, 

area that 

oic organic-r

marine-depo

scan, and A

grad Oblast.

o the Lower

Basin, high

mpler than m

paced and le

ed seismic s

places, Figur

onian (Caled

nd Mesozoic

sult of late 

East Europe

east trendin

larus High d

World Shale Ga

Lithuania a

contains a 

rich shales t

osited shale

Alpine tecton

. 

r Silurian Ll

hlighting the 

most other a

ess severe. 

sections iden

re VIII-4.  F

donian Orog

c.   

Precambria

ean Platform

g Trans-Eur

defines the e

s and Shale Oil 

and  Kalining

sequence 

hat are pros

es are separ

nics.  A sma

andovery S

1 to 5 km p

areas in Pola

 In addition

ntify fairly br

Faulting in th

geny), couple

an rifting fo

m.  The ba

ropean Sutu

eastern boun

 Resource Asses

 

grad is a rare

of Paleozo

spective for s

rated by reg

all portion o

Shale, one o

prospective d

and and Eu

, the shale s

road areas w

he Baltic Bas

ed with rela

ollowed by 

asin’s south

ure Zone (TE

ndary.  The 

ssment 

e (for 

oic to 

shale 

gional 

of the 

of the 

depth 

rope.  

strata 

which 

sin is 

atively 

early 

hwest 

ESZ), 

basin 



VIII. Poland

 

 
  
June, 2013 
 
 
 

Figure VII

Source:  Mo
 

  

 

Figure VIII

Source:  M

I-3: Structural

odified from San 

-2: Baltic Bas

Modified from Po

l Cross-Sectio

 Leon Energy, 2

VII

in Map Showi

olish Geological 

on in North Po
Widely

012 

 EIA/ARI W

I-12 

ng Depth To L

Institute, 2012 
 
 

oland Baltic Ba
y Spaced Fault

 

World Shale Ga

Lower Silurian

asin Showing
ts. 

s and Shale Oil 

n Llandovery 

g Relatively Sim

 Resource Asses

 

Shale. 

mple Structur

ssment 

re and 

 



VIII. Poland

 

 
  
June, 2013 
 
 
 

Source: LNG
 

O

in TOC, t

for shale

the Lowe

conventio

thick, wit

form a p

contain m

 C
Z
a

 O
ra
a
o

 S
so

  

 

Fig

G Energy Ltd. 

Organic-rich 

thermally ma

developme

er Silurian, O

onal well, n

th good corr

package of 

marine (type

Cambrian.  
Zarnowiec an

lluvial fan de

Ordovician. 
anging from 
re predomin
verlying Upp

Silurian.  Th
outhwest ne

gure VIII-4: De
Sho

shales of Pa

ature in the 

nt.  Figure V

Ordovician, 

orthern Balt

relation of ga

quite thick, 

 II/III) keroge

Up to 700 m
nd other Upp
eposits to sh

 Deposited 
80 to 200 m
nately marly
per and Midd

he overlying
ear the TESZ

VII

etailed Seismi
owing Simple 

aleozoic age

gas to oil w

VIII-5 exhibits

and Cambr

tic Basin, sh

amma ray lo

laterally ex

en.  The ma

m of Cambr
per Vendian 
hallow marin

under deep
m.  The Lowe
y limestone
dle Caradoc

g Silurian s
Z, but more

 EIA/ARI W

I-13 

 
c Section in N
 Structure and

e within the 

windows, and

s organic-ric

rian strata.  

hows severa

og and core 

tensive, dar

in shale targ

rian sandsto
units.  Thes
e terrigenou

 water mari
er Ordovicia

e interbedde
c Formation c

equence is 
 typically 1 

World Shale Ga

North Poland B
d Few Faults. 

Baltic Basin

d among the

ch shales tha

TOC distrib

al high TOC

 data.  Thes

rk grey to b

gets in the B

one and sha
se represent
us sedimenta

ne condition
an Arenig an
ed with clay
consists of g

extremely 
km thick in 

s and Shale Oil 

Baltic Basin  

n are relative

e most prosp

at are typica

bution in the

C zones tota

se Lower Pa

black organi

Baltic Basin i

ale is prese
t a transition
ary environm

ns, the Ordo
nd Lower Ca
ystone and
graptolite-ric

thick at up 
the shale e

 Resource Asses

 

ely flat lying,

pective in Eu

ally present w

e Zarnowiec 

aling about 

aleozoic dep

ic-rich rocks

nclude: 

ent, including
n from contin
ments. 

ovician is thi
aradoc forma
 siltstone. 

ch black shal

to 3 km in
exploration a

ssment 

, high 

urope 

within 

IG-1 

75 m 

posits 

s that 

g the 
nental 

inner, 
ations 
 The 
le. 

n the 
areas.  



VIII. Poland

 

 
  
June, 2013 
 
 
 

T
S
b

T

halite (sa

younger 

overlying

gravel.  A

Cretaceo

Mesozoic

depths o

Figure V
Shows Se

Source:  Po
 
 

  

 

The Silurian 
Silurian Wen

lack organic

The Ordovici

alt) of the P

overlying s

g Mesozoic s

Additional p

ous in the B

c shales loc

f 1.5 to 3.2 k

VIII-5: TOC Di
everal High TO

oprawy, 2010 

shale is lo
nlock and th
c shale that c

an and Silu

Permian Zec

section from

sandstones 

potential sou

Baltic Basin 

ally have TO

km.15 

stribution in L
OC Zones Tot

 

VII

cally interbe
hin Lower S
commonly ex

rian shales 

chstein Form

m the Paleoz

and claysto

urce rock sh

but were n

OC >1.5% b

L. Paleozoic, Z
taling About 7

C

 EIA/ARI W

I-14 

edded with 
ilurian Lland
xhibits stron

are overlain

mation, a we

zoic strata. 

one is cappe

hales are pr

not assesse

ut are therm

Zarnowiec IG-
75 m Thick.  No
Core Data. 

World Shale Ga

dolomitic lim
dovery form

ng gas show

n by more t

eak zone th

 Finally a 

ed by a thin 

resent in the

ed due to lo

mally immatu

1 Convention
ote Good Cor

s and Shale Oil 

mestone.  T
mations cont
ws in explorat

han 200 m 

hat frequent

1,200-m th

veneer of T

e Upper Jur

ow thermal 

ure (Ro 0.5%

al Well, North
rrelation of Ga

 Resource Asses

 

The thick m
tain dark gr
tion wells.  

of anhydrite

ly decouple

hick sequenc

Tertiary sand

rassic and L

maturity.  T

% to 0.7%) a

ern Baltic Bas
amma Ray Log

ssment 

middle 
ey to 

e and 

s the 

ce of 

d and 

Lower 

These 

t well 

sin, 
g and 



VIII. Poland

 

 
  
June, 2013 
 
 
 

1.2 R

T

totals fro

estimated

TOC ave

relatively

content (

T

depth in 

ranges fr

the oil w

slightly o

appear lo

Sour
 
 

  

 

Reservoir P

The combine

om 1,000 to 

d to averag

erages abou

y high (40-8

(33-44%) ha

Thermal mat

the basin a

rom 8,200 ft

indow.  Poro

over-pressure

ow in most o

Figure  VIII-6: 

rce:  Krzemiñski

Properties 

ed Lower S

3,500 feet t

ge 820 ft th

t 3.9%.  Sili

0%), Figure

s been repo

urity ranges

as illustrated

t in the oil w

osity is estim

ed with an e

of the basin. 

 Silica Conten
is Relatively H

ego & Poprawy,

 

VII

(Prospecti

ilurian, Ordo

hick.  The o

ick, of whic

ca content f

e VIII-6, indi

orted from tw

s from oil- to

d in the Gd

window, to 1

mated at 4%

estimated 0.5

nt in the Lowe
High (40-80%)

, 2006 in Popraw

 EIA/ARI W

I-15 

ive Area) 

ovician, and

organic-rich s

ch approxima

from two old

icating brittl

wo of BNK’s 

o gas-prone

ansk IG-1 w

0,000 ft in t

% based on 

50 psi/ft grad

r Paleozoic Fr
), Indicating B

wy, 2010 

World Shale Ga

d Cambrian 

shale interva

ately 55% i

der western 

e rock cond

recent shale

e, Figure VI

well, Figure 

he wet gas 

recent explo

dient.  Gas 

rom Two Wes
rittle Rock Co

s and Shale Oil 

section in 

al for the Lo

is considere

Baltic Basin

ditions.  How

e exploration

II-7, increas

VIII-8.  The

window are

oration resu

impurities su

stern Baltic Ba
onditions. 

 Resource Asses

 

the Baltic B

ower Paleoz

ed net thick

n wells meas

wever, high

n wells. 

sing steadily

e average d

ea, to 12,500

lts.  The ba

uch as CO2

asin Wells 

ssment 

Basin 

oic is 

ness.  

sured 

h clay 

y with 

depth 

0 ft in 

sin is 

or N2 



VIII. Poland

 

 
  
June, 2013 
 
 
 

Figure VI

Sour

  

 

II-7: Baltic Ba

rce:  Contours m

Figure VIII-
Central Ba

sin Map Show

modified from Sa

8: Thermal Ma
altic Basin, Re

Source:  Popra

VII

wing Thermal M
Llandove

an Leon Energy, 

aturity Increas
eaching Oil- a

awa, 2010 

 EIA/ARI W

I-16 

Maturity Wind
ery Shale, Pol

 2012 and Polish
 

ses Steadily w
and Then Gas-

World Shale Ga

dows and Pros
land 

h Geological Ins

with Depth in t
-Prone Maturit

s and Shale Oil 

spective Area 

stitute, 2012 

the Gdansk IG
ty in the Paleo

 

 Resource Asses

 

 for Lower Sil

 

G-1 Well 
ozoic. 

ssment 

urian 



VIII. Poland

 

 
  
June, 2013 
 
 
 

1.3 R

T

Basin an

oil and co

D

Baltic Ba

Ordovicia

Bcf/mi2.  

risked sh

W

technical

shale co

resource

O

area cov

0.7 billio

risked in-

1.4 E

P

seismic t

targeting

general 

Paleozoi

thick ove

acquired 

problema

S

in the Ba

recently 

these po

  

 

Resource A

Total risked, 

nd Warsaw T

ondensate.  

Dry Gas Win

asin is estim

an, and Ca

Risked, tec

hale gas in-p

Wet Gas Wi

lly recoverab

ndensate fro

es. 

Oil Window.

ers about 83

n barrels of

-place shale

Exploration

Poland, and 

to guide sh

 convention

information 

c shales ca

erlying Zech

by shale op

atic faults. 

Since 2010 th

altic Basin, in

large oil co

sitions or ac

Assessmen

technically 

Trough are e

  

ndow.  The

mated at 5,6

ambrian) ha

chnically rec

place of 412 

indow.  The

ble resource

om 109 Tcf 

 The much 

30 mi2.  Risk

f shale oil a

e oil and con

n Activity 

in particular

ale explorat

al oil and ga

on thicknes

an be difficu

stein salt.  

perators ove

he smaller i

ncluding Lan

mpanies (C

cquired their 

VII

nt 

recoverable 

estimated at 

 mapped pr

680 mi2.  L

as a favora

overable sh

Tcf. 

e wet gas p

es are estima

and 14 billio

smaller oil 

ked technica

and condens

densate res

r the Baltic B

tion.  Over 

as plays in 

ss, depth, T

lt to image 

Regional m

r their licens

ndependent

ne Energy, B

ConocoPhillip

own blocks

 EIA/ARI W

I-17 

shale resou

105 Tcf of s

rospective a

Lower Paleo

ble resourc

ale gas reso

prospective 

ated at 22 T

on barrels of

window with

ally recovera

sate and 1.2

ource of 14 

Basin, has a

200 petrole

Poland, pen

TOC and the

due to acou

odern 2D a

ses to aid in 

t E&P comp

BNK Petroleu

ps, Marathon

.  PGNiG is 

World Shale Ga

urces in the

shale gas an

area for Pola

ozoic shale 

ce concentra

ources are e

area covers

Tcf of shale

f risked, in-p

hin the north

able resource

2 Tcf of ass

billion barre

a large exist

eum explora

netrating sha

ermal matur

ustic interfe

nd localized

siting well lo

anies have 

um, San Leo

n, Talisman

active but h

s and Shale Oil 

e Poland por

nd 1.2 billion

and’s dry ga

(comprising

ation of ap

estimated at

s about 2,0

gas and 0.5

place shale g

hern Baltic B

es are estim

sociated sha

els. 

ing data set

tion wells h

ale formatio

rity.  Seism

rence cause

d 3D seismi

ocations, pa

pioneering s

on Energy, a

n) have farm

has focused 

 Resource Asses

 

rtion of the B

n barrels of s

as window i

g the L. Silu

pproximately

t 82 Tcf, out

70 mi2.  Ris

5 billion barre

gas and sha

Basin prospe

mated to be a

ale gas, out

t of well logs

have been d

ns and prov

ically, the L

ed by the 2

c data are b

rticularly to a

shale explor

and others.  

med into som

mainly outsi

ssment 

Baltic 

shale 

n the 

urian, 

y 181 

t of a 

sked, 

els of 

ale oil 

ective 

about 

t of a 

s and 

drilled 

viding 

Lower 

200-m 

being 

avoid 

ration 

More 

me of 

ide of 



VIII. Poland

 

 
  
June, 2013 
 
 
 

the Balti

modest g

which to

programs

A

limited pu

 P
lic
d
s
C
th
n

2

 C
R
g
re
th

L

L
tr
T
st
in
m

L
C
st

 M

w
“d
te

 

  

 

c Basin.  T

gas flow rat

o position t

s. 

A brief summ

ublic geolog

PGNiG, the 
censes.  La
evelopment 
hale gas ex

Cambrian in t
he Ordovicia
earby (Lubo

016.16 

ConocoPhill
Resources P

as rates (90
ecently beca
he north.  Th

E-1, in an ar

ane’s Lebie
reatment, pro

The well was
timulated w

nitial 2.2 MM
making it the 

ane’s Warb
Cambrian sh
tage gel frac

Marathon an

well in the Ba
disappointme
ests to deter

Thus far the

tes.  Key ch

the lateral, 

mary of opera

ic and reser

national oil 
ast year the

with severa
xploration we
two vertical 
an and L. S
ocino-2H) a

ips has fa
LC) shale b

0 and 500 M
ame the ope
he company 

rea with 3D 

en LE-2H w
oduced an a

s re-entered 
ith a large 

Mcfd, stabiliz
highest prod

blino LE-1H
ale.  The w
c, testing 18 

nd partner N

altic Basin.18

ent” with the
rmine whethe

 

VII

e Poland sh

hallenges se

as well as

ator activities

rvoir results 

and gas co
e company 
al Polish sta
ells to date 
wells from d

Silurian.  Th
nd targets c

armed into 
blocks in the

cfd) from tw
erator of thes

recently spu

seismic cov

well, a vert
average 27 
in 2011 and

13-stage fra
zing at abo
duction for a

 well enco
ell was re-d
to 90 Mcfd o

Nexen have 
8  Marathon’s
e reservoir q
er to procee

 EIA/ARI W

I-18 

hale test pro

eem to be 

s successfu

s in the Balt

released to d

ompany of P
reported pla
te-owned pa
in the Balt

depths of ab
he company
commercial 

three of 
western Ba

wo stimulated
se blocks, sh
ud its first Po

erage.17 

tical well s
Mcf from th
d a 1-km lat
ac treatmen
out 500 Mcfd
a shale well 

untered ho
drilled with a
on lift assist

acquired ne

s most rece
quality. Curr

ed with hydra

World Shale Ga

ograms hav

locating the

ully impleme

tic Basin is p

date: 

Poland, hold
ans to inve
artners.  PG
ic Basin, pr

bout 3,000 m
y recently d

production 

Lane Ener
altic Basin.  
d horizontal 
hifting focus
oland shale 

stimulated w
e Upper Ord
teral was dr
t.  This hor
d on nitroge
in Poland to

le instability
a 500-m late
. 

ew seismic a

ent remarks (
rently, Mara
aulic stimula

s and Shale Oil 

ve had limit

e best stratig

enting hydr

provided bel

ds 15 shale
est $0.5 billi
GNiG has dr
roducing sha

m, while logg
rilled its firs
in the Balt

rgy’s (subs
Lane Energ
shale wells

s to the liquid
well, the ve

with a singl
dovician dur
rilled into the
rizontal well
en lift durin

o date. 

y while dril
eral and stim

and drilled a

(May 2012) 
thon is cond
tion.   

 Resource Asses

 

ted success

graphic zon

raulic stimu

ow, includin

e gas explor
ion in shale
rilled at leas
ale gas from

ging gas sho
st horizontal
tic Basin sta

sidiary of 3
gy has tested
.  ConocoPh
ds-rich wind
rtical Strzes

le-stage fra
ring a 5-day
e Ordovician
 produced a
g a 17-day 

ling into th
mulated with

at least one s

on Poland n
ducting injec

ssment 

s with 

es in 

lation 

ng the 

ration 
e gas 
t four 

m the 
ows in 
l well 
arting 

3Legs 
d low 
hillips 
ow in 
zewo 

acture 
y test.  
n and 
at an 
test, 

he U. 
h a 7-

shale 

noted 
ctivity 



VIII. Poland

 

 
  
June, 2013 
 
 
 

 T
B
S
2
T

b

 B
P
co
to
(t
st

1.5 L

F

billion ba

(Figure V

risked, te

1.6 R

F

estimate 

prospect

gas as th

 

 

  

 

Talisman an
Basin, loggin
Silurian secti

Q-2013, wit
Talisman’s m

y results we

BNK Petrole
Porosity (3-4
ontent was f
o 135 Bcf/m
total 110 m t
timulation w

Lithuania 

or the north

arrels of sha

VIII-9), with 

echnically re

Russia (Kal

or the north

a risked 23 

ive area (Fig

he risked, tec

nd San Leo
g gas and s
on.  San Le
h a planned

most recent r

e've had to d

eum has dril
4%) was low
fairly high (3
i2, including 
thick).  The 
as unsucces

eastern exte

ale oil and 4

0.3 billion b

coverable sh

liningrad O

heastern ext

billion barre

gure VIII-9), 

chnically rec

 

VII

on Energy h
some liquids

eon reported
d 1,000+ m l
remarks (Oc

ate.  It's a di

led five verti
wer than ex
30-40%).  Th
86 Bcf/mi2 
Lebork S-1 
ssful due to 

ension of the

4 Tcf of ass

barrels of sh

hale resourc

Oblast) 

ension of th

els of shale o

with 1.2 bill

coverable sh

 EIA/ARI W

I-19 

have drilled 
s shows thro

d that it may
lateral comp
ctober 2012

ifficult thing.

ical shale we
xpected in o
he company
in the target
well flared g
high stress a

e Baltic Bas

sociated sha

hale oil and 

ces. 

he Baltic Bas

oil and 20 Tc

ion barrels o

hale resource

World Shale Ga

three vertic
roughout the
y drill its first
pleted with a
2) noted “we

”19  

ells in the B
over-pressur
y estimated t
t Ordovician
gas from sev
and inadequ

sin into Lithu

ale gas in-pl

0.4 Tcf of a

sin into Rus

cf of associa

of shale oil a

es.   

s and Shale Oil 

cal shale w
e Cambrian,
t horizontal s
a multi-stage
e're not parti

Baltic Basin (
red L. Paleo
total GIP co

n and L. Silu
veral interva
uate pump c

uania, we es

lace in the 

associated s

ssia’s Kalinin

ated shale ga

and 2 Tcf of 

 Resource Asses

 

wells in the B
 Ordovician
shale well d
e frac.  How
icularly enth

($12 million/
ozoic shale;
ncentration 

urian shale z
als, but a fra
capacity. 

stimate a risk

prospective 

shale gas a

ngrad Oblas

as in-place i

associated s

ssment 

Baltic 
, and 

during 
wever, 
hused 

/well).  
; clay 
of up 

zones 
acture 

ked 6 

area 

as the  

st, we 

in the 

shale 



VIII. Poland

 

 
  
June, 2013 
 
 
 

Figure V

  

 

VIII-9.  Baltic BBasin Map Sho

VII

owing Therma
Shale, Lithu

 EIA/ARI W

I-20 

al Maturity Win
uania and Kali

World Shale Ga

ndows and Pr
ningrad  

s and Shale Oil 

rospective Are

 Resource Asses

 

ea for Llandov

ssment 

very 



VIII. Poland

 

 
  
June, 2013 
 
 
 

2. L

2.1 In

T

Basin, w

However

sections 

while sha

A

somewha

shale we

planned 

F

Lower P

Devonian

basin inc

Holy Cro

S

such as 

Source r

the Devo

contains 

to the so

2.2 R

T

totals fro

estimated

the Lopie

with TOC

 

  

 

LUBLIN BA

ntroduction

The 5,000-m

with which it 

r, the Lublin

showing nu

ale TOC app

Although the 

at less prosp

ells have be

to be stimula

igure VIII-1

Paleozoic in 

n strata, inc

clude the no

ss faults.  C

Several smal

the Ciecier

rocks include

onian Bycha

significant c

utheast into 

Reservoir P

The combine

om 330 to 1

d to average

ennik IG-1 w

C of 0.2% to 

ASIN 

n and Geo

i2 Lublin Bas

shares gen

n Basin’s s

umerous clo

pears to be r

Lublin Basi

pective and w

een drilled, 

ated soon.  P

1 illustrates 

the Lublin 

cluding close

orthwest-sou

Clearly, the L

l convention

rzyn-Mełgiew

e Silurian an

awa Format

coal and coa

the Lvov-Vo

Properties 

ed Lower Si

,100 feet th

e 415 ft thick

well, Figure 

1.4%.24 

 

VII

logic Setti

sin may be 

nerally simil

tructural ge

osely spaced

relatively low

in is experie

was assesse

while the fi

PGNiG, Che

the extent 

Basin.20  

ely spaced f

theast trend

ublin Basin 

nal natural g

w Field whi

nd Ordovicia

ion are con

albed metha

olhynia Basi

(Prospecti

ilurian, Ordo

ick.  The or

k, of which a

VIII-13, sho

 EIA/ARI W

I-21 

ng 

considered 

ar shale str

eology is sig

d faults.  In

w.   

encing early-

ed separate

rst horizont

evron, Marat

of faulting a

Figure VIII-

faults and s

ding Kock, Iz

is structurall

gas fields ha

ch produce

an shales, b

nsidered mo

ane deposits

n of Ukraine

ive Area) 

ovician, and

rganic-rich s

about 55% is

owing about

World Shale Ga

the southea

ratigraphy a

gnificantly m

 addition, th

-stage shale

ely from the B

tal well was

thon, and ot

and sub-sal

12 shows h

steep dips.21

zbeca-Zamo

ly more com

ave been dis

s from Dev

but marine li

ore significan

s in Carbonif

e.23 

d Cambrian 

shale interva

s considered

t 150 m of g

s and Shale Oil 

astern exten

and lithology

more compl

he basin is 

e gas explor

Baltic Basin.

s drilled in l

her compan

lt tectonic d

hydrological

  Major fau

osc, Ursynow

mplex than th

scovered in 

vonian carbo

imestones a

nt.22  The L

ferous strata

section in 

al for the Lo

d net pay.  A 

gas-bearing 

 Resource Asses

 

sion of the B

y, Figure VI

ex, with se

mostly too 

ration, it app

.  Several ve

ate 2012 a

ies are activ

decoupling o

l flow within

lt systems i

w-Kazimierz

he Baltic Bas

the Lublin B

onate reserv

and clayston

Lublin Basin

a, which con

the Lublin B

ower Paleoz

good exam

Paleozoic s

ssment 

Baltic 

II-10.  

eismic 

deep 

pears 

ertical 

nd is 

ve. 

of the 

n the 

n the 

z, and 

sin. 

Basin, 

voirs.  

nes of 

 also 

ntinue 

Basin 

oic is 

ple is 

shale 



VIII. Poland

 

 
  
June, 2013 
 
 
 

Figu

Source:  Mo
 

Figure VII

Source:  Zyw
 

  

 

ure VIII-10: Lub

odified from Polis

I-11: Seismic 

wiecki and Lewi

blin and Podla

sh Geological In

Section in Lu
as Well as

s, 2011 

VII

asie Basin Ma

stitute, 2012 

blin Basin Sho
s Poor Image Q

 EIA/ARI W

I-22 

p Showing De

 

 

owing Relativ
Quality in Dee

World Shale Ga

epth to Lower 

vely Complex  
ep Lower Pale

s and Shale Oil 

r Silurian Lland

 Structure and
ozoic. 

 Resource Asses

 

dovery Shale.

 

d Numerous F

ssment 

. 

Faults, 



VIII. Poland

 

 
  
June, 2013 
 
 
 

 

  

 

Figu

Source:

Figure 
w

Source

ure VIII-12: Hy

 Zawisza, 2006 

 VIII-13: Well L
with TOC of 0

e:  Zywiecki and 

VII

drological Cro

 

Log Showing A
.2 to 1.4% in t

 Lewis, 2011 

 EIA/ARI W

I-23 

oss-Section in

 

Approximately
he Lopiennik 

 

World Shale Ga

n the Lublin B

y 150 m of Ga
 IG-1 Well, Lub

s and Shale Oil 

Basin, Poland. 

as-Bearing Sh
blin Basin 

 Resource Asses

 

   

 

ale 

 

ssment 



VIII. Poland

 

 
  
June, 2013 
 
 
 

H

averagin

window t

VIII-14.  

5%.  The

above th

2.3 R

T

thermal m

has a m

recovera

Fi

 

  

 

However, TO

g about 3% 

to overmatur

Depth to th

e pressure 

e hydrostatic

Resource A

The 2,390-mi

maturity win

moderate re

ble shale ga

igure VIII-14: T
in the Pol

Source:  Po

OC often is

in the Lublin

re, increasin

e shale ave

gradient in 

c gradient.25

Assessmen

i2 prospectiv

ndow.  The 

esource con

as is estimat

Thermal Matur
lik IG-1 Well, L

oprawy, 2010 

VII

s higher in 

n Basin.  Th

ng steadily w

erages appro

the Devonia

5  Gas impur

nt 

ve area map

Lower Paleo

centration o

ted at 9 Tcf, 

rity In The Pal
Lublin Basin, R

 EIA/ARI W

I-24 

core analy

he thermal m

with depth as

oximately 11

an section i

rities such as

pped in the L

ozoic shale 

of approxim

out of risked

leozoic Increa
Reaching Gas

 

World Shale Ga

yses than c

maturity of th

s illustrated 

1,000 ft.  Po

is slightly ov

s CO2 or N2

Lublin Basin 

(L. Silurian,

mately 91 B

d, shale gas

ases Abruptly 
s-Prone and T

s and Shale Oil 

calculated f

he Paleozoic

in the Polik 

orosity is es

ver-pressure

appear to b

is entirely w

, Ordovician

Bcf/mi2.  Ris

s in-place of 

 Below the Un
Then Over-Mat

 Resource Asses

 

from older 

c is in the dry

IG-1 well, F

stimated at a

ed, about 2

e negligible.

within the dry

n, and Camb

sked, techn

46 Tcf. 

nconformity 
turity. 

 

ssment 

logs, 

y gas 

Figure 

about 

-10% 

. 

y gas 

brian) 

nically 



VIII. Poland

 

 
  
June, 2013 
 
 
 

2.4 E

P

shale ga

Królews

using a 2

targets L

In

Poland.  

one well

efforts in 

In

Podlasie 

km2 (incl

the first h

In

totaling 4

a 12-mon

exploratio

Frampol 

M

acquired 

Lublin B

license d

“mixed” r

 

  

 

Exploration

PGNiG, Exxo

as exploratio

ka well in th

2000-HP Dri

Lower Paleoz

n 2009 Exxo

The compan

 in each ba

mid-2012 a

n late 2012 

Basin) to P

uding the tw

horizontal we

n 2009 Che

4,433 km2 in 

nth 2-D seis

on drilling c

licenses dur

Marathon Oil 

seismic da

asin and dr

during 2010.

results. 

n Activity 

onMobil, Ch

on in the Lub

he Tomaszów

illmec 2000 

zoic shales a

onMobil lea

ny drilled tw

asin.  Howe

after failing to

ExxonMobil

PKN Orlen. 

wo former Ex

ell in the Lub

evron acqui

the Lublin B

smic acquisi

campaign.  

ring Q1 2012

also holds s

ta but has n

rilled the ve

.  The well w

 

VII

hevron, Mar

blin basin.  

w Lubelski l

Walking Rig

at depths of 

ased six lice

o vertical sh

ever, Exxon

o demonstra

 sold two of

 PKN Orlen

xxonMobil b

blin Basin, w

red and cu

Basin of sou

ition program

The compa

2; results ha

shale explor

not reported

ertical Marko

was fracture

 EIA/ARI W

I-25 

rathon and 

In March 20

icense.  The

g, currently P

2,300 to 4,3

enses in the

hale gas test

Mobil termin

ate “sustaine

f the license

n holds 10 s

blocks).  In l

which it plans

rrently oper

theast Polan

m across th

any complete

ave not been

ration blocks

d testing res

owola-1 sh

e stimulated 

World Shale Ga

other comp

012 PGNiG

e vertical we

Poland’s mo

300 m.26 

e Lublin and

t wells (Krup

nated its Po

ed commerci

es (Wodynie

shale gas lic

ate October

s to hydrauli

rates four s

nd.  In Octob

e four licens

ed its first w

n disclosed.

s in the Lub

sults.  PGNiG

ale well in 

 by Hallibur

s and Shale Oil 

panies have

G began drill

ell is planned

ost advance

d Podlasie b

pe 1 and Sie

oland shale

ial hydrocarb

e-Lukow and

censes tota

r 2012, PKN

cally stimula

hale gas ex

ber 2011 Ch

ses to help 

wells in the

lin Basin.  T

G also hold

the in the 

rton and rep

 Resource Asses

 

e been purs

ing the Lub

d for 4,300-m

d drilling rig

basins of ea

nnica 1), loc

e gas explor

bon flow rate

d Wolomin i

ling nearly 9

N reported d

ate. 

xploration b

hevron comp

plan a mult

e Grabowiec

The company

s licenses i

Pionki-Kazim

portedly ach

ssment 

suing 

bycza 

m TD 

, and 

astern 

cating 

ration 

es.”27   

n the 

9,000 

rilling 

blocks 

pleted 

ti-well 

c and 

y has 

n the 

mierz 

ieved 



VIII. Poland

 

 
  
June, 2013 
 
 
 

3. P

3.1 In

L

southeas

stratigrap

the Baltic

key olde

IG 1 bor

shale de

have not

3.2 R

T

average 

thermal m

basin, to 

to 12,500

estimated

of the ba

3.3 R

D

Podlasie 

Cambria

recovera

W

Risked te

billion ba

barrels, r

 

  

 

PODLASIE 

ntroduction

ike the Lubl

stern extens

phy and litho

c Basin, it is 

r convention

rehole (TD 2

eposits.28  O

ed that fresh

Reservoir P

The combine

540 ft thick

maturity of t

wet gas an

0 ft.  Porosi

d 0.50 psi/ft

sin. 

Resource A

Dry Gas Win

Basin is es

n) has a m

ble shale ga

Wet Gas Wi

echnically re

arrels of sha

respectively.

BASIN 

n and Geo

in Basin, th

sion of the 

ology.  How

less comple

nal explorati

2388 m) wh

Organic matt

h shale core

Properties 

ed organic-r

k, of which a

he Lower Pa

d eventually

ty is estima

t gradient.  G

Assessmen

ndow.  The

stimated at 

moderate re

as is estimat

indow.  The

ecoverable 

le condensa

. 

 

VII

logic Setti

e 6,600-mi2

Baltic Bas

wever, where

ex than the L

on wells hav

ich penetrat

er measure

 samples yie

(Prospecti

rich shale in

about 55% i

aleozoic sha

y oil at shallo

ated at abou

Gas impuritie

nt 

e mapped p

860 mi2.  L

esource co

ted at 5 Tcf, 

e wet gas w

shale resou

ate from risk

 EIA/ARI W

I-26 

ng 

Podlasie D

sin, with wh

eas the Pod

Lublin Basin

ve been dril

ted organic-

ments in old

eld higher va

ive Area) 

nterval withi

is considere

ale ranges fr

ower levels. 

ut 5%.  The 

es such as C

prospective 

Lower Paleo

ncentration 

out of risked

window is p

urces are es

ked, in-place

World Shale Ga

Depression (

hich it sha

dlasie is stru

n and thus is

lled in the b

-rich Silurian

der core we

alues.  

n the Lowe

ed net.  TOC

rom dry gas

 Depth to sh

basin is slig

CO2 or N2 a

area within 

ozoic shale (

of 122 Bc

d shale gas 

rospective w

stimated at 

e resources o

s and Shale Oil 

Basin) may 

ares genera

ucturally mo

s separately 

asin, includi

n, Ordovician

ere low, but

er Paleozoic

C averages 

s in the deep

hale averag

ghtly over-p

appear to be

the dry ga

(L. Silurian, 

cf/mi2.  Ris

in-place of a

within an ar

4 Tcf of sh

of 22 Tcf an

 Resource Asses

 

be conside

lly similar s

ore complex 

assessed.  

ing the Wys

n, and Cam

t some oper

c is estimate

about 3%. 

per portion o

es about 7,5

ressured wi

e minimal in 

as window o

Ordovician

sked, techn

about 25 Tcf

rea of 1,100

hale gas and

nd nearly 3 b

ssment 

red a 

shale 

than 

Eight 

szków 

mbrian 

rators 

ed to 

 The 

of the 

500 ft 

th an 

most 

of the 

, and 

nically 

f. 

0 mi2.  

d 0.2 

billion 



VIII. Poland

 

 
  
June, 2013 
 
 
 

O

within an

estimated

shale gas

3.4 E

S

Marathon

 

  

 

Oil Window.

n area of app

d at 0.4 bill

s, from an in

Exploration

Several oper

n drilled one

.  The oil w

proximately 

ion barrels 

n-place riske

n Activity 

rators hold 

e vertical sha

 

VII

window, map

1,000 mi2.  

of shale oil

ed shale oil r

shale gas 

ale exploratio

 EIA/ARI W

I-27 

pped in the 

Risked, tech

 and conde

resource of n

exploration 

on well in the

World Shale Ga

eastern Po

hnically reco

ensate along

nearly 9 billio

 licenses in

e basin but h

s and Shale Oil 

odlasie Basi

overable sha

g with 0.7 T

on barrels. 

n the Podla

has not relea

 Resource Asses

 

n, is prospe

ale resource

Tcf of assoc

asie Depres

ased results

ssment 

ective 

es are 

ciated 

ssion.  

s. 



VIII. Poland

 

 
  
June, 2013 
 
 
 

4. F

4.1 In

U

being pu

marine-d

overlying

exploratio

PGNiG) 

T

the Mid-P

of about 

gas prod

southwes

although 

poor qua

recently a

Figu

  

 

FORE-SUDE

ntroduction

Unconvention

rsued in the

deposited Lo

g Carbonifer

on is less a

have reporte

The nearly 20

Polish Troug

2 to 5 km.2

duction in th

st-northeast 

additional f

ality seismic 

acquired fou

ure VIII-15: For

Source:

ETIC MON

n and Geo

nal gas plays

e Fore-Sudet

ower Paleoz

rous non-ma

ctive here th

ed leasing a

0,000-mi2 Fo

gh, where P

9  The Lowe

is province 

cross-secti

faults are like

available in 

ur 3D seismi

re-Sudetic Mo

  ARI, 2013. 

VII

OCLINE 

logic Setti

s, mainly tig

tic Monoclin

zoic shales 

arine shales

han in the B

nd drilling. 

ore-Sudetic 

Paleozoic an

er Permian 

for several 

on, indicate

ely to be pre

this region m

c surveys to

onocline of So

 EIA/ARI W

I-28 

ng 

ht sandston

e of southwe

are too dee

s may be p

Baltic Basin, 

Monocline i

nd younger s

Rotliegend s

decades, Fi

es that the 

esent.  Indee

masks the tr

otaling 650 k

uthwestern P
 

World Shale Ga

e but potent

estern Polan

ep to be pro

resent at de

 but at least

is considere

strata shoal 

sandstone h

igure VIII-16

structural g

ed, San Leo

rue geologic

km2 and over

oland, Showin

s and Shale Oil 

tially includin

nd, Figure V

ospective in

epths of 2 

t two compa

ed a souther

to shale-pro

has been de

6.  Figure V

geology is r

on Energy ha

c structure, th

r 1,000 km o

ng Shale Pros

 Resource Asses

 

ng shale gas

VIII-15.  Whil

n this region

to 5 km.  S

anies (San L

rn continuati

ospective de

eveloped for

VIII-17, a reg

relatively sim

as noted tha

hus the com

of 2D seismi

spective Area.

 

ssment 

s, are 

le the 

n, the 

Shale 

Leon, 

on of 

epths 

r tight 

gional 

mple, 

at the 

mpany 

c. 

. 



VIII. Poland

 

 
  
June, 2013 
 
 
 

 
 Figure V

 
 

Figure V
Sh

Source: San

  

 

VIII-16: Stratig

S

VIII-17: Structu
howing Relativ

n Leon Energy, N

graphy of the C

Source:  San Le

ural Cross-Sec
vely Simple S

November 2012 

VII

Carboniferous

eon Energy, 2012

ction In The F
Structure And W

 

 EIA/ARI W

I-29 

s and Younge

2 

Fore-Sudetic M
Widely Space

World Shale Ga

r Formations 

Monocline Of S
ed Faults (vert

s and Shale Oil 

 in the Fore-Su

 

Southwest Po
tical exaggera

 Resource Asses

 

udetic Monoc

oland Baltic Ba
ation = 10x). 

ssment 

line. 

asin 



VIII. Poland

 

 
  
June, 2013 
 
 
 

A

targets o

underlies

averages

the Carb

the Coop

Energy, 

scant dat

S

the Pre-S

that the 

setting a

Paleozoi

Carbonife

assessed

4.2 R

S

contains 

contains 

interval t

12,000 ft

Significa

composit

4.3 R

T

Monoclin

The Ca

approxim

of risked 

 

  

 

A thick non-

of tight sand

s the Rotlieg

s about 80%

oniferous ap

per Basin of 

FX Energy, 

ta have bee

San Leon En

Sudetic Mon

organic-rich

and are ass

c marine-de

erous in thi

d. 

Reservoir P

San Leon E

1% to 5% T

20% to 60%

to be 330 ft

t, ranging fro

nt levels o

tion of produ

Resource A

The large but

ne based on

arboniferous 

mately 67 Bc

shale gas in

-marine, co

dstone, deep

gend sandst

% methane a

ppears broad

Australia, w

PGNiG and

n released. 

nergy disclos

nocline, whic

h shales in 

sociated wit

eposited roc

is region, b

Properties 

nergy estim

TOC, is in t

% silica with

t thick, with

om 8,000 to

of nitrogen 

uced gas fro

Assessmen

t poorly cons

n depth appe

shale is 

f/mi2.  Riske

n-place of 10

 

VII

al-bearing C

p coal seam

one and sou

nd 20% carb

dly similar to

where initial 

d other comp

sed that it is 

ch reportedl

the Pre-Su

th coal dep

cks, similar 

but are likely

(Prospecti

mates the C

he dry gas t

 2% to 8% t

h about half 

 16,000 ft.  

contaminat

m the overly

nt 

strained 9,07

ears to be e

estimated 

ed technically

07 Tcf. 

 EIA/ARI W

I-30 

Carboniferou

ms, and car

urced it with

bon dioxide.

o that of the 

shale gas p

panies are a

evaluating t

y is structur

udetic Mono

posits, thus 

to those pr

y too deep 

ive Area) 

arboniferous

thermal mat

total porosit

considered

The basin is

tion (20%) 

ying Rotliege

70-mi2 prosp

entirely withi

to have 

y recoverab

World Shale Ga

us sequenc

rbonaceous 

h natural gas

.30  The over

REM shale-

roduction ha

actively expl

the Carboni

rally simple 

ocline were 

may be cla

resent in th

to be pros

s shale in t

turity window

ty.  ARI estim

d as net pay

s reported to

are expec

end sandsto

pective area

in the dry g

moderate 

le resources

s and Shale Oil 

ce is prese

shales.  Th

s, which FX 

rall stratigra

-sandstone-

as been rep

loring for sh

ferous shale

and over-pr

deposited 

ay-rich and 

e Baltic Ba

spective and

the Fore-Su

w (Ro of 1.3

mated the o

y (165 ft).  

o be slightly

cted, based 

ne.    

a mapped in 

as thermal 

resource c

s are estima

 Resource Asses

 

nt, with mu

he Carbonife

Energy rep

phic sequen

coal sequen

orted.  San 

hale gas her

e gas potent

ressured.31  

in a non-m

ductile.  L

sin, underlie

d thus were

udetic Mono

3% to 2.0%)

organic-rich s

Depth aver

y over-press

on the ty

the Fore-Su

maturity win

concentratio

ted at 21 Tc

ssment 

ultiple 

erous 

ported 

nce in 

nce in 

Leon 

re but 

tial of 

Note 

marine 

Lower 

e the 

e not 

ocline 

), and 

shale 

rages 

sured. 

ypical 

udetic 

ndow.  

on of 

cf, out 



VIII. Poland

 

 
  
June, 2013 
 
 
 

4.4 E

T

vertical w

continuo

intervals 

core.  Th

place at 

report, th

REFERE

               
1 Hadro, J.,

Assembly

2 Soesoo, A

3 Nielsen, A
Stratigrap

4 Nowak, G
Southwes

5 Oszczepa
599–613.

6 Kotarba, M
Carpathia
Resource

7 Golonka, J
and Wild
System, 
Potential.

8 Poprawa, 
Przeglad 

9 Polish Geo
Lublin Ba

10 U.S. Geo
Ukrainian

11 Coleman
2011.  “A
Province,

12 USGS M
Middle De
p. and Ap

  

 

Exploration

The only sha

well, which t

us gas sho

totaling 185

he quartz co

450 Bcf/mi2

he company 

ENCES 

                   

 2009.  “Shale-G
y 2009. 

A. and Hade, S., 

A.T. and Schov
phy and Palaeog

G.J., 2007.  “C
stern Poland.”  In

lski, S., 1999.  “
. 

M. J., and Koltu
an Province.” in 
es.  American As

J., Krobicki, M., 
harber, J., 2006
September 6-18
. 

P., 2010.  “Shal
 Geologiczny, vo

ological Institute
asin in Poland.”  

ological Survey, 
n Foredeep, Pola

, J.L., Milici, R.C
Assessment of U
, 2011.”  U.S. Ge

arcellus Shale A
evonian Shale o
ppendix 2. 

n Activity 

ale gas exp

tested the C

ows across 

5 m thick a

ontent of the 
2, of which 2

planned to f

               

Gas Potential in

2009.  “U-Rich G

vsbo, N.H., 201
geography.”  Ear

Comparative Stu
nternational Jou

“Origin of the Ku

un, Y.V., 2006. 
 J. Golonka and
ssociation of Pet

 Omka, T.S., Wa
6.  “Prediction o
8, Kraków, Pola

e Gas Potential 
olume 58, p. 226

e, 2012.  “Assess
March, Warsaw

2012.  “Potentia
and.”  Fact Shee

C., Cook, T.A., 
Undiscovered O
eological Survey

Assessment Tea
of the Appalachi

VII

ploration we

Carboniferou

the 1-km th

and three sh

shale was d

280 Bcf/mi2

frac the well

n Poland.”  Geo

Graptolite Shale

10.  “The Lowe
rth Science Revi

udies of Organ
rnal of Coal Geo

upferschiefer Po

 “The Origin an
d F. J. Picha, e
troleum Geologis

aakowska-Oliwa
of Source Rocks
and.  Abstract V

 of the Lower Pa
6–249 (in Polish)

sment of Shale G
, Poland, 29 p.  

al for Technically
et 2012-3102, Ju

Charpentier, R.
Oil and Gas Res
y Fact Sheet 201

am, 2011.  “Info
an Basin Provin

 EIA/ARI W

I-31 

ll announce

s shales.  T

hick Carbon

hale zones w

described as

is in sands

. 

physical Resear

s of Baltoscandi

er Cambrian of
iews, vol. 107, p

ic Matter Petro
ology, vol. 71, p.

olymetallic Miner

nd Habitat of Hy
ds., The Carpat
sts, Memoir 84, 

a, A., Kiessling, W
s: Jurassic Cas
Volume, Sessio

alaeozoic Comp
). 

Gas and Shale O

y Recoverable U
uly, 2 p.  

R., Kirschbaum,
sources of the 
11–3092, 2 p. 

ormation Releva
nce, 2011.”  U.S

World Shale Ga

ed to date i

The 3,520-m

niferous sec

were identif

s high.  San

stone and 1

rch Abstracts, v

ia.”  Goldschmid

f Scandinavia: 
p. 207-310. 

ography of the 
. 568-585. 

ralization in Pola

ydrocarbons of t
thians and their
p. 395 – 442. 

W., Bocharova, 
se Study.” 7th In
on 7: Organic G

plex in the Baltic 

Oil Resources o

Unconventional 

, M.A., Klett, T.R
Devonian Marce

ant to the U.S. G
S. Geological Su

s and Shale Oil 

n the regio

m deep Sicin

ction.  Two 

fied, both hi

n Leon estim

70 Bcf/mi2 i

vol. 11, EGU200

dt Conference Ab

Depositional En

Late Palaeozo

and.”  Mineralium

the Polish and 
r Foreland: Geo

 N.J., Edrich, M
nternational Con
Geochemistry – 

 and Lublin-Pod

of the Lower Pale

 Gas and Oil Re

R., Pollastro, R
ellus Shale of t

Geological Surv
rvey Open-File 

 Resource Asses

 

n is San Le

niy-2 well lo

tight sands

ighly fractur

mated total g

in shale.  A

09-7241, EGU G

bstracts, p. A124

nvironment, Seq

oic Black Shale

m Deposita, vol

Ukrainian Parts
ology and Hydro

., Ford, D., Pauk
ngress on the J

Jurassic Hydro

lasie Basins (Po

eozoic Baltic-Po

esources in the 

.M., and Schenk
the Appalachian

vey Assessment
Report 2011–12

ssment 

eon’s 

ogged 

stone 

red in 

gas in 

At last 

General 

45. 

quence 

s from 

. 34, p. 

s of the 
ocarbon 

ken, R. 
urassic 

ocarbon 

oland).”  

odlosie-

Polish-

k, C.J., 
n Basin 

t of the 
298, 22 



VIII. Poland

 

 
  
June, 2013 
 
 
 

               
13 Corporate

21, 2013)
National 
Talisman 

14 Poprawa,
the Baltic

15 Wolkowic
Diagenet
on the Ju
Hydrocar

16 PGNiG, N

17 ConocoP

18 Kuchinsk
Hydrocar
Annual C

19 Talisman 

20 University
Controllin

21 Narkiewic
Record, C

22 Zywiecki,
Poland).”

23 Waksmun
Geologica

24 Zywiecki, 
Associatio
presentat

25 Zawisza, 
Petroleum

26 PGNiG, N

27 ExxonMo

28 Koslowsk
Region (H

29 Krzywiec,
and Subs

30 FX Energ

31 San Leon

  

 

                   
e Presentations 
), Chesapeake E
Fuel Gas (Febr
 Energy (Februa

 P., Sliaupa, S.,
c Basin: Regiona

cz, K., Polonska
ic Changes in U
urassic System, 
rbon Potential. 

News Release, N

hillips, Corporate

iy, V., Gentry, K
rbon Generation

Convention & Exh

 Energy Inc., Q3

y of Utah, 2013
ng Factors.”  Unp

cz, K. and Narkie
Conodont Biostra

, M.M., 2005.  
  Mineralogical S

ndzka, M.I., 201
a Polonica, vol. 6

 M.M. and Lewis
on of Petroleum
tion at AAPG An

 L., 2006.  “Hydr
m Engineers, SP

News Release, M

bil, Q2 2012 Ear

ki, W., 2008.  “Lit
Holy Cross Moun

, P., 2006.  “Tria
sidence Patterns

y, Corporate Pre

n Energy, Quarte

                   
 and Analyst Ca
Energy (Februar
ruary 7, 2013), 
ary 13, 2013). 

 Stephenson, R
al Tectonic Implic

a, M., and Gro
Upper Jurassic a
 September 6-1

November 15, 20

e Presentation, 

K., and Hill, R., 2
n Potential and 
hibition, Long Be

3 2012 Earnings 

3.  “Basin Analy
published brochu

ewicz, M., 2008
atigraphy and R

“Oil Charging a
Society of Polan

0.  “Sequence S
60, p. 557–597. 

s, M.P., 2011.  “R
 Geologists, Sea

nnual Convention

rodynamic Mode
PE 100296, 11 p

March 26, 2012. 

rnings Call, July 

thostratigraphy a
ntains, Central P

assic-Jurassic E
s.”  Geological Q

esentation, Febr

erly Corporate P

VII

                   
all Transcripts: A
ry 21, 2013), Co
Range Resourc

., and Lazauskie
cations from Sub

otek, I., 2006.  
and Lower Creta

8, Kraków, Pola

012. 

February 7, 201

2012.  “Source R
In-Place Volum

each, California, 

 Call, October 30

ysis of the Polis
ure, 13 p. 

.  “The Mid-Fras
egional Significa

and Gas Format
d – Special Pap

Stratigraphy of C
 

Remarks from th
arch and Discov
n and Exhibition

eling of the Hydr
. 

 

 26, 2012. 

and Regional Si
Poland).”  Acta G

volution of the P
Quarterly, vol. 50

ruary 6, 2013. 

resentation, Q3 

 EIA/ARI W

I-32 

                  
Anadarko Petrole
nsol Energy (Fe

ces (February 26

ene, J., 1999.  “L
bsidence Analys

“Hydrocarbon G
ceous Sedimen
and.  Abstract V

3. 

Rock Evaluation
e for Shale Pla
 April, 18 p. 

0, 2012. 

sh-Ukrainian Silu

snian Subsidenc
ance.”  Acta Geo

tion Episodes in
ers, vol. 26, 8 p.

Carboniferous Pa

he Recent Recog
ery Article #103
, Houston, Texa

rocarbon Migrat

gnificance of the
Geologica Poloni

Pomeranian Seg
, p. 139–150. 

2012, 64 p. 

World Shale Ga

                   
eum (February 2

ebruary 7, 2013)
6, 2013), South

Late Vendian – 
sis.”  Tectonophy

Generating Pote
ts in the Polish 

Volume, Session

n Technique: A P
ays.  American 

urian Deposition

ce Pulse in the L
ologica Polonica

n the Devonian
. 

aralic Deposits i

gnition of Oil & G
56, posted Sept

as, USA, April 10

tion and Accumu

e Nowa Słupia G
ica, vol. 58, p. 43

gment of the Mid

s and Shale Oil 

                   
20, 2013), Cabo
, EQT Corporati

hwestern Energy

Early Palaeozoi
ysics, vol. 314, p

ential and their 
Lowlands.” 7th 

n 7: Organic Ge

Probabilistic App
Association of 

nal Region with

Lublin Basin (SE
a, vol. 58, p. 287-

 Carbonates of

n the Lublin Bas

Gas Potential in 
tember 19, 2011
0-13. 

ulation in the Lu

Group (Upper Si
3-74. 

d-Polish Trough—

 Resource Asses

 

                   
ot Oil & Gas (Fe
ion (February 5,
y (February 21, 

c Tectonic Evolu
p. 219-239. 

 Migration Vers
International Co

eochemistry – J

proach for Deter
Petroleum Geo

 Focus on Sha

E Poland): Sedim
-301. 

f the Lublin Bas

sin (SE Poland).

 Poland.”  Ameri
, adapted from o

blin Basin.”  Soc

ilurian) of the Ły

—Basement Te

ssment 

         
ebruary 
 2013), 
 2013), 

ution of 

sus the 
ongress 
urassic 

rmining 
logists, 

ale Gas 

mentary 

sin (SE 

.”  Acta 

can 
oral 

ciety of 

ysogóry 

ctonics 



IX. Russia  

 

 
  
June, 2013 
 
 
 

IX. R

 

SUMMA

O

Jurassic 

siliceous 

West Sib

able to a

Source: A
 

RUSSIA

ARY 

Our shale ga

Bazhenov 

shale is the

berian Basin

ssemble suf

Fig

ARI, 2013 

A 

as and shal

Shale in th

e principle s

.  We also e

fficient, publ

gure IX-1.  Pro

 

IX

le oil resou

he West Si

source rock 

examined oth

icly available

ospective Sha

 EIA/ARI W

X-1 

rces assess

berian Basi

for the conv

her shale ba

e data for a 

ale Gas and Sh

World Shale Ga

sment for R

in, Figure I

ventional ga

asins (e.g., T

quantitative 

hale Oil Basin

s and Shale Oil 

Russia addre

X-1.  This 

as and oil pr

Timan-Pecho

resource as

ns of Russia 

 Resource Asses

 

esses the U

organically 

roduced from

ora) but wer

ssessment.

ssment 

Upper 

rich, 

m the 

re not 

 



IX. Russia  

 

 
  
June, 2013 
 
 
 

F

with 74.6

addition, 

technical

Sour

or the Bazh

6 billion barr

we estima

lly recoverab

Ta

Source: ARI, 20
 

Tab

rce: ARI, 2013 

R
es
er
vo

ir
 

P
ro
p
e
rt
ie
s Reservo

Average
Therma
Clay Co

B
a
si
c 
D
a
ta

Depo

P
h
y
si
ca
l 
Ex
te
n
t Prospec

Thickne

Depth (f

R
es
o
u
rc
e

Gas Ph

GIP Co

Risked 

Risked 

R
e
se
rv
o
ir
 

P
ro
p
e
rt
ie
s R

A
T
C

B
a
si
c 
D
at
a

P
h
y
si
ca
l 
Ex
te
n
t P

T

D

R
e
so
u
rc
e

O

O

R

R

henov Shale

els as the ri

ate 1,920 Tc

ble shale ga

able IX-1. Shal

013 

ble IX-2. Shale

Organical
Net 
Interval
Average

oir Pressure

e TOC (wt. %)
al Maturity (% Ro)
ontent

Basin/Gross Area

Shale Formation
Geologic Age

ositional Environm

ctive Area (mi2)

ess (ft)

ft)

ase

ncentration (Bcf/m

 GIP (Tcf)

 Recoverable (Tcf)

Org
Net
Int
Av

Reservoir Pressur

Average TOC (wt. %
Thermal Maturity (
Clay Content

Basin/Gros

Shale Form
Geologic

Depositional En

Prospective Area (

Thickness (ft)

Depth (ft)

Oil Phase

OIP Concentration

Risked OIP (B bbl)

Risked Recoverab

IX

e, we estima

sked, techn

cf of risked

s resource, 

e Oil Reservo

e Gas Reservo

Bazh
U. Jurass

ly Rich

6,5

Highl

A

ment

mi2)

U

ganically Rich
t 
erval
erage

e

%)
(% Ro)

ss Area

mation
c Age
nvironment

(mi2)

n (MMbbl/mi2)

)

le (B bbl)

 EIA/ARI W

X-2 

ate 1,243 bi

ically recove

d shale gas

Table IX-2.  

oir Properties a

oir Properties 

 

henov Central
sic - L. Cretaceous

Marine

116,200

100
85

500 - 12,000
8,200

ly Overpress.

10.0%
0.85%
Low

ssoc. Gas

22.9

1,196.0

143.5

Bazhenov Cen
U. Jurassic - L. Cre

Marine

116,200

100
85

6,500 - 12,00
8,200

Highly Overpre

10.0%
0.85%
Low

Oil

18.5

964.8

57.89

World Shale Ga

llion barrels

erable shale

 in-place, w

 

and Resource

 and Resource

74,400

100
85

6,500 - 13,000
9,800
Highly 

Overpress.
5.0%

0.85%
Low

Assoc. Gas

19.4

378.9

45.5

B
U. Jura

West Siberian

(1,350,000 mi2)

tral
taceous

74,4

10
85

00 6,500 - 
9,8

ess.
Hig

Overp
5.0

0.85
Lo

O

13

261

15.

U. Jur

West Siberian

(1,350,000 mi2)

s and Shale Oil 

s of risked s

e oil resource

with 285 Tc

es of Russia 

es of Russia 

14,800

100
85

8,500 - 15,000 10,
12,000
Highly 

Overpress. O
5.0%

1.15%
Low

Wet Gas

42.0

163.0

40.8

Bazhenov North
assic - L. Cretaceou

Marine

400 14,80

00 100
5 85
13,000 6,500 - 13

800 12,00
hly 

press.
Highl

Overpre
0% 5.0%
5% 1.15%

ow Low

Oil Conden

3.4 4.3

1.5 16.8

69 1.01

Bazhenov North
rassic - L. Cretaceo

Marine

)

 Resource Asses

 

shale oil in-p

e, Table IX-

cf as the ris

 

 

10,540

100
85

,000 - 16,000
13,500
Highly 

Overpress.
5.0%

1.45%
Low

Dry Gas

66.0

182.5

54.8

us

00

3,000
00
y 

ess.
%
%
w

sate

8

ous

ssment 

place, 

1.  In 

sked, 



IX. Russia  

 

 
  
June, 2013 
 
 
 

1. W

1.1 In

T

basin lie

extending

Figure IX

C

reservoir

mainly in

north. Th

Samotlor

region an

Basin sti

1980’s. D

productio

T

source ro

the prima

shows an

O

Jurassic 

Formatio

to be at 

Formatio

formation

 

WEST SIBE

ntroduction

The 850,000-

s between t

g north offsh

X-1. 

Conventional

rs found pre

n the southe

he West Si

r oil field (28

nd the 350-T

ill delivers o

Declining co

on from unco

The Upper Ju

ock for the W

ary shale ad

nd variable q

Other format

Tyumen a

on is not con

depths grea

on is not su

ns were excl

ERIAN BAS

n and Geo

-mi2 West S

the Ural Mo

hore under t

 oil and gas

edominately

ern and cen

berian Basi

8 billion barr

Tcf Urengoy 

over 60% of

onventional 

onventional 

urassic Bazh

Western Sib

dressed in t

quantities of 

tions that m

nd Lower C

nsidered pro

ater than 16

ufficient for 

luded from o

 

IX

SIN 

logic Setti

Siberian Bas

ountains to 

he Kara Sea

s production 

y in Cretace

tral regions 

in contains 

rels of origin

gas field no

f Russia’s a

production 

resources. 

henov Shale

erian Basin’

this resource

f oil productio

may contain 

Cretaceous 

spective in t

,400 ft (5,00

a quantita

our shale ga

 EIA/ARI W

X-3 

ng 

sin is the lar

the west an

a and reach

has taken p

eous sandst

of the basi

tens of gia

nal oil reserv

orth of the A

annual oil pr

is stimulati

e, a marine s

s conventio

e assessmen

on.   

shales with

Achimov fo

the northern

00 m).  The

ative resourc

s and shale 

World Shale Ga

rgest petrole

nd the Yenis

ing south to 

place in the 

tone format

n, with gas 

ant and sup

ves) in the c

Arctic Circle. 

roduction, it

ng interest 

shale rich in 

nal oil reser

nt, has been

h gas and 

ormations, 

n areas of th

 publicly av

ce assessm

oil assessm

s and Shale Oil 

eum basin in

sey River to

the border w

basin since

tions. Oil pr

fields more

per-giant fie

central Midd

 Although th

ts output pe

in finding n

TOC, is con

rvoirs.  The 

n selectively 

oil potentia

Figure IX-2

he basin whe

ailable data

ment.  As s

ment. 

 Resource Asses

 

n the world1

o the east, 

with Kazakh

e the 1960’s

roduction oc

e prevalent i

elds such as

dle Ob petro

he West Sib

eaked in the

new oil and

nsidered the 

Bazhenov S

drilled, prov

al are the L

2.  The Tyu

ere it is proje

 for the Ach

such, these

ssment 

. The 

while 

hstan, 

, with 

ccurs 

n the 

s the 

oleum 

berian 

e late 

d gas 

main 

Shale, 

viding 

Lower 

umen 

ected 

himov 

e two 



IX. Russia  

 

 
  
June, 2013 
 
 
 

Source: Mod

 
ified from Ulmishe

Figure IX-2: S

ek, 2003 

IX

Stratigraphic 

 EIA/ARI W

X-4 

Column of the

World Shale Ga

e West Siberia

s and Shale Oil 

an Basin 

 Resource Asses

 

ssment 

 



IX. Russia  

 

 
  
June, 2013 
 
 
 

T

ft) of Mes

prior to 

responsi

predomin

synclines

Triassic 

wide.2   

T

anticlinal

present, 

Lower-M

Source: Ulmi

 
 

The West Sib

sozoic and C

the Triass

ble for the 

nantly north-

s that forme

Koltogor-Ure

The majority

 uplifted st

have a disp

iddle Jurass

F

shek, USGS 2003

berian Basin

Cenozoic se

sic period, 

formation o

-south alignm

ed in the lat

engoy grabe

y of discove

ructural trap

placement o

sic Tyumen F

Figure IX-3. C
(See F

3. 

 

IX

n is an intra-

diments.  Ba

with subse

of the basin

ment, influen

te Mesozoic

en, which ex

ered conven

ps, located 

of only a few

Formation. 

ross-Section A
Figure 4 for loca

(Layer J3 is

 EIA/ARI W

X-5 

-cratonic sag

asement roc

equent early

.  Major Tri

ncing the str

c.  The cent

xtends 1800

ntional oil a

on regiona

w tens of m

Across Centra
ation; vertical exa

s the Bazhenov S

World Shale Ga

g basin cont

cks of Paleoz

y Triassic 

iassic rifts a

ructural align

tral tectonic 

0 km north-t

and gas res

al arches, F

meters and s

al West Siberi
aggeration 100x

Shale) 

s and Shale Oil 

taining over 

zoic age we

continental 

and faults a

nment of larg

element of 

to-south and

serves are 

Figure IX-3.

seldom pen

ian Basin. 
x) 

 Resource Asses

 

4,000 m (13

re deeply er

rifting prim

are oriented

ge anticlines

the basin i

d is 10 to 8

found in g

  Faults, w

etrate above

ssment 

3,000 

roded 

marily 

 in a 

s and 

s the 

80 km 

gentle 

where 

e the 

 



IX. Russia  

 

 
  
June, 2013 
 
 
 

W

based o

North, w

gas/cond

high ave

 

We have par

n TOC and

with a prospe

densate and

rage TOC of

Figure IX

Source: A

rtitioned the 

d thermal m

ective area 

 dry gas.  B

f 10%, is the

X-4. West Sibe

ARI, 2013. 

IX

Bazhenov S

maturity: Baz

of 99,740 m

Bazhenov Ce

ermally matu

erian Basin, Pr

 EIA/ARI W

X-6 

Shale in the

zhenov Nort

mi2 and an 

entral, with a

ure for shale

rospective Are

World Shale Ga

e Western S

th and Bazh

average TO

a prospectiv

e oil, Figure I

eas for Shale 

s and Shale Oil 

Siberian Bas

henov Cent

OC of 5%, 

ve area of 11

IX-4.3,4 

 Gas and Shal

 Resource Asses

 

in into two a

tral.,.  Bazh

contains oil

16,200 mi2 a

e Oil 

 

ssment 

areas 

henov 

, wet 

and a 



IX. Russia  

 

 
  
June, 2013 
 
 
 

1.2 R

T

outcropp

northern 

can reac

T

compose

contents 

Figure IX

the TOC

Bazheno

S
 
 

Reservoir P

The Upper Ju

ping at the b

region.  The

h up to 200 

The Bazheno

ed primarily 

are genera

X-5.6  TOC v

C typically ra

ov Central.5 

Figure I

Source: Lopatin et

Properties 

urassic Bazh

basin edges 

e shale’s gro

ft (60 m) in l

ov Shale w

of siliceous

ally highest 

values decre

anges from 

IX-5. Reservoi

t al., 2003. 

 

IX

(Prospecti

henov Shale

and reachin

oss thicknes

localized are

was deposite

s argillites,

in the cent

ease toward

2 to 7%.  T

ir Properties o

 EIA/ARI W

X-7 

ive Area) 

e is present a

ng depths of

s typically ra

eas. 

ed in a dee

rich in plan

tral region o

s the periph

TOC averag

of the Bazheno

World Shale Ga

across much

f over 16,40

anges from 6

ep marine, 

nktonic Typ

of the Basi

hery of the b

ges 5% in B

ov Shale from

s and Shale Oil 

h of the Wes

00 ft (5,000 

65 to 160 ft 

anoxic env

pe II organic

n, typically 

basin and to

Bazhenov N

m Maslikhov W

 Resource Asses

 

st Siberian B

m) in the ce

(20 to 50 m

vironment a

c matter.5  

exceeding

o the north w

orth and 10

Well. 

 

ssment 

Basin, 

entral 

), but 

nd is 

TOC 

15%, 

where 

0% in 



IX. Russia  

 

 
  
June, 2013 
 
 
 

T

generatio

bottom-h

high, up 

Clay con

T

carbonat

layers pr

play of N

rich/satu

B

area pro

between 

ft.  The 1

by Ro va

by Ro va

constrain

marine s

B

maturity 

averagin

marine s

The literatur

on and expu

hole pressure

to 70% ab

tent is usua

The Bazheno

te/dolomite l

roviding add

North Dakot

rated shales

Bazhenov No

spective for

0.7% and 1

14,800-mi2 a

lues betwee

lues greater

ned on the e

hale to shall

Bazhenov C

(Ro) of 0.7 

g 10%.  Sim

hale to clast

re describes

ulsion as th

es in the Sa

bove normal 

lly reported 

ov reservoir 

ayers.8  The

itional reserv

ta, which co

s. 

orth is prosp

r shale oil in

.0%, TOC c

area prospec

en 1.0% and

r than 1.3%,

east side of

low clastic d

entral conta

to 1.0%.  

milarly, the B

tic sediment

IX

s the Bazh

he shales p

alym oil field 

hydrostatic

as less than

structure co

e shales are

voir capacity

omprises a 

pective for oi

n Bazhenov 

content grea

ctive for wet

d 1.3%.  The

 Figure IX-6

f the basin,

deposit, Figu

ains a 116,

The TOC c

Bazhenov Ce

s facies cha

 EIA/ARI W

X-8 

henov as 

assed throu

region are r

c pressure.7

n 20%. 

onsists of lay

e the source

y.  This is so

carbonate r

l, wet gas/co

North is de

ater than 2%

t gas and co

e 10,540-mi2

6A.  The Baz

where the 

re IX-6B.   

,200-mi2 pro

content of t

entral prosp

ange. 

World Shale Ga

being over

ugh the “oil 

reported in s

 Temperatu

yers of high-

e of the oil, 

omewhat ana

reservoir “sa

ondensate a

efined by vitr

%, and reserv

ondensate in
2 area prosp

zhenov Nort

Bazhenov S

ospective a

the shale is

pective area 

s and Shale Oil 

r-pressured, 

window”. M

some wells 

ure gradient

-TOC shale 

with the frac

alogous to t

andwiched” 

and dry gas.

rinite reflecta

voir depth gr

n Bazhenov

pective for d

th prospectiv

Shale chang

area for oil,

s high in Ba

is limited on

 Resource Asses

 

caused b

Measured sh

to be abnor

ts are also 

interbedded

ctured carbo

he Bakken S

between tw

.  The 74,40

ance (Ro) va

reater than 3

v North is de

dry gas is de

ve area is fu

ges from a 

 with a the

azhenov Ce

n the east b

ssment 

by oil 

hut-in 

rmally 

high.  

d with 

onate 

Shale 

wo oil 

0-mi2 

alues 

3,300 

efined 

efined 

urther 

deep 

ermal 

entral, 

by the 



I

 

 
 
J
 
 
 

S

X. Russia  

 
June, 2013  

Figure  IX

Source: ARI, 2013. 

X-6A.  West Siberiaan Basin - Vitrinite

 

e Reflectance 

IX-9 

 
Source: AR

EIA/ARI W

Figure IX-6B.  W

I, 2013. 

World Shale Gas and

West Siberian Basin

d Shale Oil Resource

n - Lithofacies Ma

e Assessment 

 

ap 

 



IX. Russia  

 

 
  
June, 2013 
 
 
 

1.3 R

T

concentr

concentr

resource

prospect

associate

F

risked sh

recovera

risked sh

gas reso

In

recovera

1.4  R

T

in the W

Plateau, 

Timan-Pe

T

even with

conventio

region.  A

technique

Russia’s 

of using 

and shale

 

 

Resource A

The shale o

ration of 13

rations of 4 m

e concentrati

ive area ha

ed gas in the

or the total B

hale oil in-pla

ble shale oi

hale gas in-p

urce, Table 

n its 2011 A

ble oil resou

Recent Act

The majority 

West Siberia

with the re

echora Basi

The oldest fi

h the new te

onal oil and 

As such, Ru

es used in 

national oil 

horizontal d

e oil resourc

Assessmen

oil in the Ba

3 million ba

million barre

on of 66 Bcf

as an estim

e oil window

Bazhenov sh

ace of 1,243

l resource, T

place of 1,92

IX-2. 

Annual Repo

urces from th

ivity 

of Russia’s 

an Basin, lo

emaining oil

n, the north 

elds have p

echnical focu

gas is in the

ussian oil co

the U.S. to 

company, h

drilling and l

ces of Russia

 

IX

nt 

azhenov No

arrels/mi2 p

els/mi2 and 4

f/mi2 in the d

mated resou

w. 

hale prospec

3 billion barre

Table IX-1.  

20 Tcf, with 

ort, Rosneft

he Bazhenov

current oil p

ocated betwe

l production

Caucasus R

produced sin

us on secon

e more remo

ompanies are

develop the

has signed a

arge scale s

a. 

 EIA/ARI W

-10 

orth prospec

lus associa

42 Bcf/mi2 in

dry gas wind

urce conce

ctive area in

els, with 74.6

In addition, 

285 Tcf as t

t estimated

v “suite” on i

production (n

een the Ura

n coming m

Region, and 

nce the 194

ndary recove

ote East Sib

e becoming 

eir unconve

agreements w

stimulation t

World Shale Ga

ctive area 

ated gas in

n the wet gas

dow.  The sh

ntration of 

n the West S

6 billion barr

for this pros

the risked, t

the compan

its license a

nearly two th

al Mountain

mainly from 

the Sakhelin

40s and pro

ery and hydr

berian Basin 

 interested i

entional oil a

with ExxonM

techniques t

s and Shale Oil 

has an est

n the oil w

s/condensat

hale in the B

18 million 

Siberian Bas

rels as the r

spective are

technically re

ny had 4.4 

reas in Wes

hirds) comes

ns and the 

the Volga-U

n Basin. 

oduction rate

ro-fracturing

and in the h

in the drilling

and gas res

Mobil and St

to unlock th

 Resource Asses

 

timated reso

window; reso

te window; a

Bazhenov Ce

barrels/mi2

in, we estim

isked, techn

ea, we estim

ecoverable s

billion barre

stern Siberia

s from large 

Central Sib

Urals region

es are decl

g.  Exploratio

higher cost A

g and produ

sources. Ros

tatoil with the

e vast shale

ssment 

ource 

ource 

and a 

entral 

plus 

mate a 

nically 

mate a 

shale 

els of 

.9  

fields 

berian 

n, the 

ining, 

on for 

Arctic 

uction 

sneft, 

e aim 

e gas 



IX. Russia  

 

 
  
June, 2013 
 
 
 

T

Shale in 

West Sib

field, whi

the Bazh

D

which is 

on a pro

permeab

reservoir

 

  

 

To date, Ros

2013, after 

beria JV, pro

ich has a his

henov reserv

Development

geared towa

oposal to c

bility of less

rs would be i

neft and Exx

completion o

oposed to st

story of Baz

voir in two ar

t of the Baz

ards conven

hange the 

 than 2 mi

incorporated

IX

xon Mobil ha

of their geolo

art drilling th

henov Shale

rea of West S

zhenov Sha

ntional reserv

mineral ext

llidarcies (m

d into the pro

 

 EIA/ARI W

-11 

ave announ

ogic study.  

he Bazhenov

e oil product

Siberia.10 

ale is compl

voirs.  The R

traction tax 

mD).11  It is 

oposed chan

World Shale Ga

ced plans to

Gazprom N

v Shale in e

tion.  Lukoil 

licated by R

Russian gov

(MET) for 

possible th

nge in the M

s and Shale Oil 

o begin drilli

Neft and She

early 2014 ne

has announ

Russia’s cur

vernment is c

“tight oil” r

hat shale ga

MET. 

 Resource Asses

 

ng the Bazh

ell, as part of

ear the Saly

nced plans to

rrent tax reg

currently wo

reservoirs w

as and sha

ssment 

henov 

f their 

ym oil 

o test 

gime, 

orking 

with a 

le oil 



IX. Russia  

 

 
  
June, 2013 
 
 
 

2. T

T

Circle of

Devonian

T

marls, we

kerogen 

These so

Pechora 

these so

favorable

W

to 1,000 

and pres

in Weste

A

prepare 

Timan-Pe

excluded

in this ba

shales in

 

 

TIMAN-PEC

The Timan-P

f northern R

n (Frasnian)

These source

ere deposite

with total o

ource rocks 

Basin exce

urce rocks a

e, with low (<

While the gro

ft), publicly 

ssure.  The D

ern Canada S

At current tim

a quantitativ

echora Basi

d from the a

asin have hig

n this basin a

CHORA BA

Pechora Bas

Russia, Figu

 organic-rich

e rocks, com

ed in a deep

organic cont

are present,

ept for the s

are primarily

<10%) clay.1

oss thicknes

available in

Domanik For

Sedimentary

me, the pub

ve shale oil

in.  Other so

ssessment. 

gh TOC but 

appear to ha

 

IX

ASIN 

sin covers a

re IX-1.  Th

h shale in the

mposed of t

p water mar

ent (TOC) r

, with adequ

southwestern

y in the oil w

14 

s of the Dom

nformation is

rmation has 

y Basin.13 

blicly availab

 and gas re

ource rocks 

 The Late J

are reported

ave low TOC

 EIA/ARI W

-12 

n onshore a

he principle 

e Domanik F

thin-bedded

ine setting. 

ranging from

ate thicknes

n margin.  W

window.  The

manik interv

s lacking on

been correl

ble geologic

esource ass

and shales

Jurassic to E

d to be therm

C of 0.5% to 

World Shale Ga

area of abou

source roc

Formation.12

, dark silice

 The source

m 1% to 15

ss and matu

With therma

e mineralogy

val can rang

 its net orga

ated with the

c and reser

sessment fo

s also exist 

Early Cretac

mally immatu

1.5%.12 

s and Shale Oil 

ut 122,000 m

k in this ba

eous shales

e rocks cont

%, typically

rity, over mu

al maturity o

y of the sha

e from 100 

anic-rich inte

e Duvernay 

rvoir data a

or the Doma

in this basin

ceous (Kimm

ure.  The Si

 Resource Asses

 

mi2 on the A

asin is the U

, limestones

tain Type I a

 averaging 

uch of the Ti

of 0.6% to 1

ale appears 

m to 300 m

erval, its po

Formation/S

are insufficie

anik Shale i

n, but have 

meridgian) s

lurian-Ordov

ssment 

Arctic 

Upper 

s and 

and II 

5%13.  

iman-

1.0%, 

to be 

 (330 

rosity 

Shale 

ent to 

n the 

been 

hales 

vician 



IX. Russia  

 

 
  
June, 2013 
 
 
 

REFERE

               
1 Ulmishek,

Bulletin 2

2 Littke, R., 
Accumula

3 Peters, K
Systems 

4 Lopatin, N
Accumula
System.” 

5 Gavshin a
Abstract.”

6 Grace, J.
Abstract, 

7 Limberger
May 20, v

8 Nemova, V
Engineers

9 Rosneft O

10 http://www

11 Rodova, 
from http:

12 Lindquist
System.” 

13 Abrams, M
Bulletin, v

14 Fossum, 
Provinces

 

ENCES 

                   

 G.F., 2003.  “
201-G, U.S. Ge

Cramer, B., Ger
ation in the West

.E., Ramos, L.S
Identified Using 

N.V., Zubairaev
ations in the Up
  Journal of Petro

and Zakharov, 1
”  Economic Geo

D., and Walch,
 vol. 5.  

r, Y. et al., 2000
vol. 98, Issue 21

V.D., 2012.  “Ba
s Moscow sectio

il Company, 201

w.lukoil.com/ 

N., 2012.  “Will 
:/www.platts.com

, S.J., 1999.  “T
  U.S. Geologica

M.A. et al. 1999.
vol. 83, no. 4, Ap

 B.J. et al., 200
s of the Twenty-

               

Petroluem Geo
ological Survey,

rling,P., Lopatin,
t Siberian Basin

S., Zumberge, J
 Decision-tree C

, S.L., Kos, I.M
pper Jurassic B
oleum Geology, 

1996. “Geochem
ology, vol. 91, p.

 D.B., 1996.  “

0.  “SW Siberia’s
. 

zhenov Formatio
on meeting, Nov

11. Annual Repo

Russia Replicat
m/newsfeature/2

The Timan-Pech
al Survey Open-F

.  “Oil Families a
pril, p. 553-577. 

01.  “New Fron
First Century:  A

IX

logy and Resou
 Reston, Virginia

, N.V., Poelchau
.” AAPG Bulletin

.E., Valin, Z.C.,
Chemometrics.” A

M., Emets, T.P.,
Bazhenov Black
 vol. 26, p. 225-2

mistry of the Upp
 122-133 

“The Bazhenov-

s Jurassic, Bazh

on: Structure, Pr
v 13, 2012. Retrie

ort. 

e US Success i
012/oi/russianoi

ora Basin Provi
File Report 99–5

and Their Potent

tiers for Hydroc
AAPG Memoir 74

 EIA/ARI W

-13 

urces of the We
a. 

u, H.S., Schaefer
n, vol. 83, no. 10

, Scotese, C.R.,
AAPG Bulletin, V

 Romanov, E.A
k Shale Formati
244. 

per Jurassic-Low

-Noecomian Pe

henov May Cont

roperties and Me
eved from http://

n Tight Oil Deve
l/index 01/10/13

nce of Northwes
50–G, 40 p. 

tial Sources in th

carbon Producti
4, Chapter 13, p

World Shale Ga

est Siberian Ba

r, R.G., and  We
0, p. 1642-1665. 

, and Gautier, D
V. 91, No. 6 (Jun

A. And Malchikh
ion, West Siber

wer Cretaceous

etroleum System

tain Much Large

ethods of Labora
/www.spe-mosc

elopment?”  Plat
3. 

st Arctic Russia

he Northeastern 

on in the Tima
. 259-279. 

s and Shale Oil 

asin, Russia.” U

elte, D.H., 1999.
 

D.L., 2007.  “Ci
ne 2007), pp. 87

hina, O.V., 2003
rian Basin: A S

s Bazhenov Form

m of West Sibe

er Oil Reserves.

atory Research.
cow.org/meetings

tts Online, Augu

a: Domanik–Pale

 Timan Pechora

n-Pechora Basi

 Resource Asses

 

U.S. Geological 

.  “Gas Generati

rcum-Arctic Pet
77-913. 

3. “Unconventio
Self-Sourced Re

mation, West S

ria.”  AAPG Bu

” Oil and Gas J

”  Society of Pet
s/ 01/09/13. 

ust 23, 2012. Re

eozoic Total Pet

 Basin, Russia.”

in, Russia.” Pet

ssment 

Survey 

ion and 

troleum 

onal Oil 
eservoir 

iberia - 

ulletin - 

Journal, 

troleum 

etrieved 

troleum 

” AAPG 

troleum 



X. Eastern E

 

 
  
June, 2013 
 
 
 

X. E

SUMMA

E

and oil 

Foreland

Ukraine a

Source: AR
 

Europe (Bulgaria

 

EASTER

ARY 

Eastern Euro

resources i

d Basin, and

and Romani

I, 2013. 

a, Romania, Ukr

RN EUR

ope (ex. Pola

in three se

d the Moes

a, while Bul

 Figure X-1

 

raine) 

X

ROPE (B

and, assesse

edimentary b

sian Platform

garia curren

1: Prospective

 EIA/ARI W

X-1 

BULGAR

ed separate

basins: the 

m, Figure X

ntly has a mo

e Shale Basins

World Shale Ga

RIA, ROMA

ely) has sign

Dniepr-Don

X-1.  Shale 

oratorium on

s of Eastern E

s and Shale Oil 

ANIA, UK

ificant prosp

nets Basin, 

exploration

n shale deve

Europe 

 Resource Asses

 

KRAINE)

pective shale

 the Carpa

n is underw

elopment.   

ssment 

e gas 

athian 

ay in 



X. Eastern E

 

 
  
June, 2013 
 
 
 

T

estimated

and X-2. 

drilling, a

Source: AR
 

Clay

B
as
ic
 D
at
a

D

P
h
y
si
ca
l E
xt
en

t Pros

Thic

Dep

R
e
so
u
rc
e

Gas

GIP 

Risk

Risk

R
e
se
rv
o
ir
 

P
ro
p
er
ti
es Rese

Aver
Ther

Europe (Bulgaria

 

The total risk

d at 195 Tcf

 Our new, l

and seismic a

Table X

I 2013. 

Table 

Source: ARI 

Organica
Net 
Interval
Average

y Content

Basin/Gross Are

Shale Formation
Geologic Age

Depositional Environ

spective Area (mi2)

ckness (ft)

th (ft)

 Phase

 Concentration (Bcf/

ked GIP (Tcf)

ked Recoverable (Tcf

ervoir Pressure

rage TOC (wt. %)
rmal Maturity (% Ro)

Clay C

B
a
si
c 
D
a
ta

De

P
h
y
si
ca
l 
E
xt
e
n
t Prosp

Thick

Depth

R
e
so
u
rc
e

Oil P

OIP C

Riske

Riske

R
es
e
rv
o
ir
 

P
ro
p
e
rt
ie
s Reser

Avera
Therm

a, Romania, Ukr

ked, technica

f of shale ga

arger interp

activities tha

X-1: Shale Ga

 X-2: Shale Oi

 2013. 

Carpathian

(70,00

L. Sil
L. Sil

Mar

16,0

ally Rich 1,0
40

3,300 - 
10,0

Nor

2.0
2.5

Med

Dry 

112

362

72

ea

n

nment

mi2)

f)

)

Organi
Net 
Interva
Averag

Content

Basin/Gross A

Shale Formati
Geologic Ag

epositional Enviro

pective Area (mi2)

kness (ft)

h (ft)

hase

Concentration (MM

ed OIP (B bbl)

ed Recoverable (B

rvoir Pressure

age TOC (wt. %)
mal Maturity (% R

raine) 

X

ally recovera

s and 1.6 bi

retation of th

at were stimu

as Reservoir P

l Reservoir Pr

n Foreland

0 mi2)

urian
urian
rine

080 1,46

000 700
00 350
 16,400 3,300 - 1
000 11,0

rmal Norm

0% 4.5%
0% 0.90

dium Low

Gas Assoc

2.7 49.

2.5 14.

2.5 1.4

ically Rich

al 3,30
ge

N

Area

on
e
onment

)

Mbbl/mi2)

B bbl)

Ro)

 EIA/ARI W

X-2 

able shale re

llion barrels

he shale res

ulated in par

Properties and

roperties and 

 

60 2,680

0 700
0 350
16,400 3,300 - 16,4

000 12,000

mal
Mod. 

Overpress
% 4.5%

0% 1.15%
w Low

. Gas Wet Gas

2 118.5

4 63.5

4 15.9

Dniepr-Don

(23,200 mi

L. Carbonife
L. Carbonifer

Marine

1,460

700
350

00 - 16,400 3,3
11,000

Normal Mod

4.5%
0.90%
Low

Oil Co

45.3

13.2

0.66

Dniepr-Done

(23,200 mi2

L. Carbonifero
L. Carbonifero

Marine

World Shale Ga

esource pot

of shale oil 

source is ba

rt by the 201

d Resources, E

 Resources, E

6,010

700
350

400 3,300 - 16,400
13,000

s.
Mod. 

Overpress.
4.5%

2.00%
Low

Dry Gas

195.2

234.6

58.6

ets

i2)

rous
rous

L
L

2,680

700
350

300 - 16,400 6,6
12,000

. Overpress.

4.5%
1.15%
Low

ondensate Co

18.1

9.7

0.48

ets
2)

ous
ous

s and Shale Oil 

tential for th

and conden

ased on rece

11 EIA/ARI s

Eastern Europ

Eastern Europ

840

600
450

6,600 - 16,400 13,0
11,000

Normal

3.0%
1.15%

Medium

Wet Gas

121.9

22.5

4.5

Moe

(4

L. Siluria
L. Siluria

Marine

. Silurian E
L. Silurian L. 

Marine M

840

600
450

00 - 16,400 5,00
11,000

Normal
Ov

3.0%
1.15%

Medium M

ondensate Co

8.9

1.6

0.08

Moesian Platfo

(45,000 mi2

 Resource Asses

 

e three bas

nsate, Table

ent shale lea

study.   

pe. 

e. 

 

Etro
L. Ju

Ma

760 7,9

600 6
450 2

000 - 16,400 5,000 -
14,000 10,

Normal
Hig

Over
3.0% 3.

2.00% 1.1
Medium Med

Dry Gas Wet

154.4 10

25.8 14

5.2 37

esian Platform

45,000 mi2)

an
an

Etropole
 Jurassic
Marine

7,940

650
260

00 - 16,400
10,000
Highly 

verpress.
3.0%

1.15%
Medium

ndensate

5.0

7.9

0.40

orm
2)

ssment 

ins is 

s X-1 

asing, 

 

opole
urassic
arine

940

50
60
- 16,400
,000
ghly 
press.
0%

15%
dium

t Gas

06.7

48.2

7.1



X. Eastern E

 

 
  
June, 2013 
 
 
 

T

Lower C

Silurian o

deposits 

Ukraine 

(17 Tcf a

Europe is

S

Bulgaria 

exploratio

occurred

Donets B

been neg

previous

INTROD

S

Eastern 

potential

shale ex

are takin

investme

after initia

U

has anno

the basis

resource

coordina

Ukraine’s

up to 45 

for the ge

Europe (Bulgaria

 

The main sha

arboniferous

of the Carpa

of the Moes

(128 Tcf and

and 0.2 billio

s more comp

Shale resour

but no offic

on core we

.  In Ukrain

Basin, comm

gotiating for 

ly awarded s

DUCTION 

Since EIA/AR

European c

.  Internatio

ploration lice

ng various 

ent.  On the 

ally proceed

Ukraine.  Th

ounced shal

s for this e

es.  The new

te shale ga

s current Pro

years for de

eologic infor

a, Romania, Ukr

ale targets i

s of the Dn

athian Forela

sian Platform

d 1.2 billion 

on barrels). 

plex, althoug

rce assessm

ial assessm

ell has been

ne, Shell rec

mitting at lea

a block in th

shale blocks

RI’s initial s

ountries hav

nal oil and 

enses in Bu

approaches

other hand,

ding with sha

e Ukraine S

e gas resou

estimate has

wly created G

as studies 

oduction Sha

evelopment.

rmation pack

raine) 

X

n Eastern E

iepr-Donets

and Basin (7

m (47 Tcf an

barrels); Ro

 Compared

gh faulting a

ments are re

ents have b

n drilled in 

cently signe

ast $200 m

he Ukraine p

s in Romania

shale asses

ve begun to

gas compan

lgaria, Roma

s to shale 

, Bulgaria an

ale leasing.  

tate Service

urces in the 

s not been 

Geological R

in Ukraine, 

aring Agreem

.  Tender fe

kage.   

 EIA/ARI W

X-3 

Europe are m

Basin (TRR

73 Tcf); and 

nd 0.5 billion

omania (51 T

d with North 

appears less 

eported to b

been publish

the region

ed a Produc

illion for exp

portion of the

a and Bulgar

sment first 

o investigate

nies, includi

ania, and Po

exploration

nd Romania

  

e of Geology

country of 7

released a

Research an

while mon

ment (PSA) 

es are mode

World Shale Ga

marine-depo

R of 76 Tcf 

the Silurian

n barrels).  B

Tcf and 0.3 

America, th

 prevalent th

be underway

ed yet.  To 

 (Bulgaria);

ction Sharing

ploration, w

e Carpathian

ria have bee

defined the

e their shale 

ng Chevron

oland.  The 

n.  Ukraine

a have place

y and Minera

7 trillion m3 (

and the figu

nd Productio

nitoring wat

involves a 5

est: $60,000

s and Shale Oil 

osited black 

and 1.2 bil

 and Jurass

By country, t

billion barre

he shale ge

han in other 

y in Ukraine

date only on

 no produc

g Agreemen

while Chevro

n Foreland B

en put on ho

e potential 

gas/ and s

n and Shell, 

countries of

 currently 

ed shale exp

al Resource

(Tm3) or 247

ure includes 

on Center in 

ter quality i

5-year explo

0 for the ten

 Resource Asses

 

shales withi

llion barrels)

sic Etropole s

the estimate

els); and Bul

eology of Ea

parts of Eur

e, Romania

ne shale-foc

ction testing

nt in the Dn

n reportedly

Basin.  Chev

ld.  

in 2011, se

hale oil reso

have negot

f Eastern Eu

welcomes s

ploration on 

s (Gosgeon

7 Tcf.1  How

some tight

Poltava pla

in drilling a

ration period

nder and $10

ssment 

n the 

); the 

shale 

es are 

lgaria 

astern 

rope. 

, and 

cused 

g has 

niepr-

y has 

vron’s 

everal 

ource 

tiated 

urope 

shale 

hold, 

edra) 

wever, 

t gas 

ans to 

areas.  

d and 

0,000 



X. Eastern E

 

 
  
June, 2013 
 
 
 

O

and dev

respectiv

In Janua

Economi

Dniepr-D

depth of 

recovery 

C

western 

holds sha

B

conventio

years, wi

tax.  The

could be

released

Bulgaria’

organic-r

H

dramatic

effective 

governm

exploratio

the shale

and gove

R

although 

May 201

on shale

health, sa

Europe (Bulgaria

 

On February 

velopment in

vely.  Shell, 

ary 2013, U

c Forum in D

Donets Basin

10 km, incl

and a 16.5%

Chevron has 

Ukraine.  Th

ale licenses.

Bulgaria.  W

onal oil and

ith royalties 

e Economy 

e in the ran

.  The Shale

s Institutes 

rich shale de

However, dur

ally in Bulga

counter-ba

ent, such as

on and prod

e industry in 

ernment poli

Romania.  

some local

2 the newly

e gas explo

afety, and e

a, Romania, Ukr

23, 2012 the

n the Oles

ExxonMobil

kraine awar

Davos, Swit

n covers an a

uding tight a

% governme

been in neg

his block is 

.  Duration a

While the c

d gas produ

ranging from

and Energy

ge of 0.3 to

e Gas Rese

of Geology

eposits in Bu

ring the past

aria.  This o

lancing info

s exists in P

duction, whe

Poland and

cies in Rom

Romania a

 observers 

y elected Ro

oration activ

nvironmenta

raine) 

X

e Ukraine go

ka and Yu

l, Chevron, 

rded the firs

zerland.  Sh

area of 7,88

and basin-c

ent revenue 

gotiations w

along strike 

and terms lik

country lack

ction terms 

m 2.5% to 30

y Minister h

o 1.0 Tm3 (

arch Group,

y and Orga

ulgaria.2 

t year public

opposition h

ormation ca

Poland.  In J

ether or not 

d the UK is e

ania and Bu

lso recently

believe its b

manian gov

ities, pendin

al aspects of

 EIA/ARI W

X-4 

overnment a

uzovska blo

ENI, and TN

st shale gas

hell’s 50-yea

6 km2 and a

entered gas

share. 

with the gove

with Poland

kely would be

ks a shale-

are attracti

0% on a slid

has suggest

(11 to 35 T

, a newly for

nic Chemis

c opposition t

has been led

mpaign offe

January 201

it involves h

expected to 

ulgaria.3 

y banned s

ban would b

vernment beg

ng the outc

f shale gas d

World Shale Ga

announced a

cks of wes

NK-BP initia

s PSA, sign

ar PSA perm

assigns oil an

s.  The cont

ernment for 

d’s Lublin ba

e similar to t

-specific inv

ive.  Produc

ding scale, w

ted that Bul

Tcf), but no 

rmed conso

stry, is cond

to shale gas

d by enviro

ered by the

2 the gover

hydraulic frac

influence th

shale gas e

be easier to 

gan an infor

come of Eur

developmen

s and Shale Oil 

a tender for s

stern and e

ally responde

ning with Sh

mit at Yuzovs

nd gas rights

tract allows 

a PSA at th

asin, where 

those grante

vestment re

ction license

with a 10% c

garia’s shal

supporting 

rtium of Sof

ducting long

s developme

nmental org

e petroleum

rnment bann

cturing.  The

he future pol

exploration 

reverse tha

rmal (i.e., no

ropean-leve

t.  

 Resource Asses

 

shale explor

eastern Ukr

ed to the te

hell at the W

ska in the ea

s to all strata

for 70% inv

he Oleska fie

Chevron alr

ed to Shell. 

egime, Bulga

es extend fo

corporate inc

e gas resou

study has 

fia University

g-term studie

ent has incre

ganizers, wit

 industry o

ned all shale

e performan

litical accept

and produc

an Bulgaria’s

ot legislated

el studies on

ssment 

ration 

raine, 

ender.  

World 

astern 

a to a 

vestor 

eld in 

ready 

aria’s 

or 35 

come 

urces 

been 

y and 

es of 

eased 

th no 

r the 

e gas 

nce of 

tance 

ction, 

s.  In 

) ban 

n the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

R

fall unde

Resource

shale ga

universiti

M

Romania

totaling 9

MOL wa

Curtici).  

Craiova l

it discove

that it ha

these pro

 

GEOLO

E

potential 

Carbonife

most pro

these ten

 C

U

s

so

P

 D

so

 M

B

p

Europe (Bulgaria

 

Romania lack

r the country

es, which re

as deposits, 

ies (Buchare

More than a

a.  Beginning

9,000 km2, t

as awarded 

Sterling Res

license of so

ered shale g

d applied hy

ojects are on

OGIC OVER

Eastern Euro

in Paleozoi

erous and S

ospective for 

nd to be less

Carpathian 

Ukraine is sim

hale belt b

outhwestern

Paleozoic be

Dniepr-Done

outhern Bela

Moesian Pla

Bulgaria.  No

revious two 

a, Romania, Ukr

ks specific r

y’s conventi

egulates petr

in cooperat

est, Iasi and 

a dozen com

g in March 2

hree blocks 

three shale

sources and

outhwest Ro

gas resource

ydraulic frac

n hold due to

RVIEW 

ope has th

c and Meso

Silurian black

r oil and gas 

s widespread

Foreland B

milar to the 

ecomes str

n Ukraine an

lt north of th

ets Basin.  

arus contain

tform.  Silur

ote that the 

plays and m

raine) 

X

regulations f

onal petrole

roleum oper

tion with the

Cluj).  No fu

mpanies hav

2012 Chevro

located in D

e gas perm

d partner Tra

omania.  Fin

es in 5 out o

turing techn

o Romania’s

ree distinct 

zoice marin

k shales are 

within the M

d and/or are 

Basin.  The 

Lublin Basin

ructurally sim

nd northern 

e Carpathia

This well-de

ns prospectiv

rian and Jur

Moesian P

may be cons

 EIA/ARI W

X-5 

for shale ga

eum terms.  

rations in Ro

e national re

urther details

ve expresse

on was awa

Dobruja and

mits in north

ansAtlantic P

ally, state-o

of 20 of its e

ology in Rom

s shale ban.

shale-pros

e-deposited 

most prospe

Mesozoic.  O

thermally le

moderately

n in southea

mpler as it 

Romania un

n Foldbelt is

efined Late 

ve organic-ri

rassic black 

Platform sha

iderably larg

World Shale Ga

as developm

In 2011 the 

omania, initia

esearch inst

s are availab

ed interest 

rded four sh

d one in the

hwestern Ro

Petroleum jo

owned energ

exploration w

mania as ea

spective are

 black shale

ective, while

Other organic

ess mature, a

y complex L

ast Poland.  

trends tow

ntil it reache

s called the C

Paleozoic b

ch L. Carbo

shales are p

ale plays are

ger than asse

s and Shale Oil 

ment, thus s

National Ag

ated a study

titute GeoEc

ble.   

in shale ga

hale gas exp

Moldova re

omania (Voi

ointly hold th

gy firm Romg

wells in Tra

arly as the m

eas with sh

es.  Within th

e the mid-Ju

c-rich shales

and thus we

Lviv-Volyn B

 However, t

wards the s

es the Black 

Carpathian F

basin in east

niferous bla

present acro

e less well 

essed here.

 Resource Asses

 

hale applica

gency for Mi

y of the cou

coMar and 

as exploratio

ploration lice

egion.  Hung

ivozi, Adea,

he 5,800-km2

gaz reported

nsylvania, n

mid-1990’s.  

ale gas an

he Paleozoic

rassic shale

s exist locall

ere not asses

Basin of we

the Silurian 

southeast ac

Sea.  This 

Foreland Ba

tern Ukraine

ck shales. 

oss Romania

defined tha

 

ssment 

ations 

ineral 

ntry’s 

three 

on in 

enses 

gary’s 

, and 
2 Sud 

d that 

noting 

All of 

nd oil 

c, the 

es are 

ly but 

ssed.  

estern 

black 

cross 

deep 

asin. 

e and 

a and 

n the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

O

deemed 

Romania

which ap

appear m

 

1. C

1.1 In

 

to 200- k

Silurian 

Basin, w

Basin ap

H

to the s

tectonic 

Scythian 

the Crim

separate

assessed

have nam

T

black sha

the sout

Further t

marine s

12% TOC

Oligo-Mio

is intense

 

Europe (Bulgaria

 

Other basins 

to be less

a, Serbia and

ppears too d

much too stru

CARPATHIA

ntroduction

Prosp

km wide Pale

deposits of 

here 62 con

ppears to be 

However, the

outheast ac

disturbance

Platform be

ean Peninsu

es this belt fr

d.  We refer 

med it the Lv

The Carpath

ales.  As the

hwest and 

to the south

ource rocks

C, the 200-m

ocene Lowe

ely faulted w

a, Romania, Ukr

in Eastern 

s prospectiv

d Monteneg

eep for shal

ucturally com

AN FOREL

n and Geo

pective marin

eozoic belt, 

southeast 

nventional oi

too deep an

e Silurian be

cross weste

, the Siluria

efore headin

ula near Od

om the Silur

to the Siluri

viv-Moldava 

ian Foreland

e foreland b

is characte

h, the struc

.  These inc

m thick L. Cr

er Menilite F

with complex

 

raine) 

X

Europe con

ve.  The la

ro, Slovenia

e developm

mplex to be 

LAND BAS

logic Setti

ne black sha

from Poland

Poland’s Lu

il and gas fie

nd faulted fo

lt becomes 

ern Ukraine 

n belt re-en

g out into th

dessa before

rian of the M

an belt as th

Slope.5 

d Basin has

basin to the 

rized by mo

cturally comp

clude the 50

retaceous S

ormation wit

x nappe tecto

 EIA/ARI W

X-6 

tain organic

arge Panno

a, and Bosni

ent.   The C

prospective.

IN (UKRAI

ng 

ales of Siluri

d all the way

ublin Basin 

elds have b

r shale deve

wider and s

and northe

nters southe

e Black Sea

e continuing 

Moesian Platf

he Carpathia

s good shale

Carpathian 

ostly simple

plex Carpat

0-m thick Ju

pas and Shy

th up to 20%

onics, Figure

World Shale Ga

c-rich source

onian-Transy

ia and Herzo

Carpathian, B

.  

NE-ROMA

ian age exte

y to the Blac

continue in

een develop

elopment. 

tructurally s

ern Romania

rn Ukraine a

a.  It then bri

offshore.  T

form to the s

an Foreland 

e gas deve

thrust belt, 

e structure w

thian region

urassic Kokh

ypot formati

% TOC. How

e X-4,6,7 and 

s and Shale Oil 

e rock shale

ylvanian ba

ogovina has

Balkan, and 

ANIA-MOLD

end continuo

ck Sea.  In w

nto the adjo

ped.  Much 

impler as it 

a, Figure X

and eastern

efly re-emer

The North D

south4, whic

Basin, but o

lopment pot

this shale b

with few fa

n also conta

hanivka Form

ons with 2-7

wever, the C

was not ass

 Resource Asses

 

s but these 

asin of Hun

s Paleozoic s

related fold 

DOVA) 

ously within 

western Ukr

oining Lviv-V

of the Lviv-V

continues fu

X-2.  After s

n Romania i

rges onto lan

Dobrogea Or

h was separ

other researc

tential in Sil

belt dips gen

ults, Figure 

ains multiple

mation with 

7% TOC, an

Carpathian re

sessed.  

ssment 

were 

ngary, 

shale 

belts 

a 50- 

raine, 

Volyn 

Volyn 

urther 

some 

n the 

nd on 

rogen 

rately 

chers 

lurian 

ntly to 

X-3.  

e rich 

up to 

nd the 

egion 



X. Eastern E

 

 
  
June, 2013 
 
 
 

 
Figure

S

Europe (Bulgaria

 

Figure

Source: ARI 

e X-3: Cross-S

Source: Sachsen

a, Romania, Ukr

e X-2: Carpath

 2013 

Section of Lviv

nhofer et al., 201

raine) 

X

hian Foreland 

v Slope Portio

12 

 EIA/ARI W

X-7 

 Basin Showin

on of the Carp

World Shale Ga

ng Shale-Pros

pathian Forela

s and Shale Oil 

spective Areas

nd Basin in W

 Resource Asses

 

s. 

Western Ukrain

ssment 

ne   



X. Eastern E

 

 
  
June, 2013 
 
 
 

 

T

Carpathia

the Silur

Silurian s

Ludlow m

from 400

S

well data

in this we

alteration

exists in

indicates

spurious

occurred

investiga

refine the

Europe (Bulgaria

 

Figure 

Source: Koltun 

The Silurian 

an Foreland

ian shale in

shale is pre

member of th

0 to 600 m th

Silurian shale

a point availa

ell were less

n.  Given th

n places.  T

s the Silurian

) over-matu

 prior to t

ations are n

e maturity pa

a, Romania, Ukr

X-4: Cross-Se

 et al., 1998 

is the main 

d Basin, Figu

n western U

esent, transi

he Silurian is

hick and occ

e TOC may 

able (IS-1).  

s than 1%.  

he depositio

Thermal ma

n is entirely 

re values of

the Mesozo

eeded to in

atterns in Lo

raine) 

X

ection of a Nap

petroleum s

ure X-5.  Co

kraine are l

itioning east

s considered

urs at depth

be lower in 

Most TOC m

However, th

onal environ

aturity mapp

in the dry g

f 5% Ro als

oic. As Sac

nvestigate la

ower Paleozo

 EIA/ARI W

X-8 

ppe Structure

source rock 

ompared with

ess certain.

tward into t

d the most p

s of 2 to 3 k

Ukraine than

measuremen

he original T

mental of th

ping, calcul

as window (

so were mea

chsenhofer 

ateral and v

oic rocks.” 

World Shale Ga

e in the Carpat

and shale g

h Poland, th

.  About 40

hinner, shal

prospective 

km in wester

n in Poland,

nts at a dep

TOC is estim

he Silurian, 

ated from 

(Ro of 1.3% 

asured.  Ma

and Koltun

vertical varia

s and Shale Oil 

thian Thrust B

gas explorat

he reservoir 

0 to 1,000 

llow-water c

interval.  Th

n Ukraine.   

, at least bas

th range of 

mated at 3%

it is likely 

conodant a

to 3.5%).  S

aturation is 

n (2012) n

ations of TO

 Resource Asses

 

Belt 

 

ion targets i

characterist

m of deep-w

carbonates. 

he Ludlow ra

sed on the s

1,400 to 1,5

% prior to the

that higher 

alternation in

Several (pos

believed to 

oted: “addit

OC contents

ssment 

n the 

ics of 

water 

 The 

anges 

single 

592 m 

ermal 

TOC 

ndex, 

ssibly 

have 

tional 

s and 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure 
Jura

Source: Sac
 

T

western 

structura

Slope.  T

been ero

1.2 R

B

prospect

of which 

the 500-m

10,000 ft

Europe (Bulgaria

 

 X-5: Stratigra
assic-Age (left

chsenhofer et al

The Kovel-1 

Volynia, no

lly complex 

The Kovel-1

oded in this u

Reservoir P

Based on ge

ive area in t

11,520 mi2 

m thick Ludl

t deep within

a, Romania, Ukr

phy of Carpat
t).  L. Cretaceo

., 2012 

petroleum w

rthwestern U

Lublin-Lviv 

well cored 

uplifted locat

Properties 

eologic contr

the Carpathi

is in Ukrain

low Member

n the prospe

raine) 

X

thian Foreland
ous and Paleo

well is a ke

Ukraine.  Th

basins on th

Ordovician 

tion.8  

(Prospecti

rol from reg

an Foreland

e and 4,560

r of the Silur

ective region

 EIA/ARI W

X-9 

d Basin Show
ogene Source 

 

ey stratigrap

he well is lo

he west and 

at a depth o

ive Area) 

gional cross-

d Basin is es

0 mi2 in Rom

rian is estim

n, and have 

World Shale Ga

ing Thick Blac
e Rocks Occur

hic test drill

ocated along

 the less de

of about 250

-sections, th

stimated to b

mania.  The 

ated to aver

4% porosity

s and Shale Oil 

ck Shales of S
r in the Carpat

led during t

g the transit

eformed Voly

0 m; Silurian

he total estim

be approxim

target organ

rage 1,000 f

y.  TOC aver

 Resource Asses

 

Silurian and M
thians (right). 

he late 198

tion betwee

ynia region o

n apparently

mated shale

mately 16,080

nic-rich porti

ft thick gross

rages a rela

ssment 

Mid-
 

80s in 

n the 

of the 

y had 

e gas 

0 mi2, 

ion of 

s and 

atively 



X. Eastern E

 

 
  
June, 2013 
 
 
 

low 2.0%

be hydro

1.3 R

R

Foreland

risked sh

concentr

that is pr

U

gas licen

gas reso

specified

A

the Carp

of 279 T

assumpt

 

1.4 R

C

in the O

deadline 

Barlad sh

is unclea

In

gas licen

gas pote

spend ab

 

Europe (Bulgaria

 

% and is in th

static (0.43 

Resource A

Risked, techn

d Basin are e

hale gas in-

ration of abo

resent. 

Ukraine’s Sta

nse area in t

ources.  Wh

d. 

An independe

athian Forel

Tcf of gas 

ions (thickne

Recent Act

Chevron repo

leska block 

of May 201

hale gas pe

ar following t

n 2012 ENI 

nses totaling

ential.  The c

bout $55 mil

a, Romania, Ukr

he dry gas w

psi/ft). 

Assessmen

nically recov

estimated to

-place of 36

out 113 Bcf/m

ate Commiss

the Lviv-Voly

hether this 

ent assessm

land Basin a

in-place.  T

ess, porosity

ivity 

ortedly is in n

of western 

13 for comp

rmit in north

he shale ban

acquired ha

g 3,800-km2 

company an

lion explorin

raine) 

X-

window (Ro a

nt 

verable reso

o be 73 Tcf (

63 Tcf, Tabl

mi2, reflectin

sion on Mine

yn Basin ha

estimate re

ment of Silur

arrived at a M

This estima

y, risk) were 

negotiations

Ukraine.  T

pleting this d

heastern Rom

n in Romani

alf of LLC W

in the Lviv 

d its partner

ng for shale g

 EIA/ARI W

-10 

verage 2.5%

ources from

(52 Tcf in U

e X-1.  The

ng the signif

eral Resourc

as about 0.8

eflects in-pla

rian shale ga

Mean Estima

te utilized 

not specifie

s with the go

The governm

deal.  Chevr

mania close

a.   

WestGasInve

Basin of we

rs, including

gas in the Lv

World Shale Ga

%).  The pres

m Silurian bla

Ukraine and 

e play has 

ficant thickne

ces has esti

 to 1.5 trillio

ace or reco

as resources

ate of 5.6 Tc

EIA/ARI’s 2

ed, nor was U

overnment to

ment recent

ron also init

e to Moldova

est, which c

estern Ukrain

g UK-based 

viv basin fro

s and Shale Oil 

ssure gradie

ack shale in

21 Tcf in Ro

a moderate

ess of the o

imated that 

on m3 (28 to

overable res

s in the Rom

cf technically

2011 metho

Ukraine eval

o develop a s

tly removed 

tially acquire

a, but the sta

controls nine

ne, which m

Cadogan Pe

m 2012 thro

 Resource Asses

 

ent is assum

n the Carpa

omania), ou

ely high reso

organic-rich s

the Oleska s

o 53 Tcf) of s

sources was

manian porti

y recoverabl

odology, but

luated.9   

shale gas pr

its self-imp

ed the 6,257

atus of this 

e unconvent

may include s

etroleum, pl

ough 2015. 

ssment 

med to 

athian 

t of a 

ource 

shale 

shale 

shale 

s not 

on of 

le out 

t key 

roject 

posed 

7-km2 

block 

tional 

shale 

an to 



X. Eastern E

 

 
  
June, 2013 
 
 
 

2. D

2.1 In

 

failed rift

sequence

developm

Moscovia

shale tar

T

compara

depths o

rocks, w

mainly st

Belarus, 

southeas

R

northwes

faults (h=

although 

Devonian

(Frasnian

showing 

L

the overl

entire Ca

its base 

continent

is typical

Europe (Bulgaria

 

DNIEPR-DO

ntroduction

The D

t basin on 

e of Lower 

ment.  Econ

an overlie th

rget.   

The DDB a

tively well u

of over 5 km

hile overlyin

tructural trap

which appe

st the basin c

Roughly sym

st-southeast

= 100 m to 2

numerous s

n and youn

n) salt depos

depth to the

. Carbonifer

ying coal se

arboniferous

along the 

tal in origin, 

ly 50 m thick

a, Romania, Ukr

ONETS BAS

n and Geo

Dniepr-Done

the Eastern

r Carbonifer

nomically im

hese shales,

accounts fo

nderstood, w

m.  Lower Ca

ng clastic Ca

ps.  To the n

ears to be 

continues in

mmetrical, th

.11  It comp

2 km).  The

smaller fault

nger sedime

sited under r

e L. Carbonif

rous black s

eams source

 section ran

basin axis. 

but transitio

k and contai

raine) 

X-

SIN (EAST

logic Setti

ets Basin (D

n European 

rous black s

mportant Ca

,10 but this co

or most of 

with several 

arboniferous

arboniferous

northwest the

too shallow

to the Donb

e DDB is a

rises a seri

e individual b

ts are locally

entary rocks

restricted rift

ferous (L. Vi

shale overlie

ed most of th

ges up to 11

 In the no

ons into part

ns an organ

 EIA/ARI W

-11 

T UKRAINE

ng 

DDB) in east

Craton, Fig

shale which

arboniferous 

oaly sequen

Ukraine’s 

thousand o

s black shale

s sandstones

e DDB conti

and low in

as Foldbelt 

about 700 k

es of half g

blocks are q

y present.  T

s, which inc

ft conditions.

sian) black s

es the Devo

he conventio

1 km thick in

orthwest por

ly shallow m

nic-rich shallo

World Shale Ga

E) 

tern Ukraine

gure X-6.  

h may be p

coal depos

nce does no

onshore p

oil and gas w

es and coal 

s provide co

nues into th

n TOC for s

of southwes

km long, 40 

grabens bou

quite sizeabl

The basin co

cludes 1 to

.  Figure X-7

shale as we

nian salt int

onal oil and 

n the DDB a

rtion of the

marine depos

ow marine s

s and Shale Oil 

e is a Mid-t

The basin 

prospective 

sits and tig

t appear to 

petroleum r

wells, some o

seams are 

onventional 

e Pripyat Tr

shale develo

stern Russia

to 70 km w

unded by lar

e (50-100 k

ontains as m

 2 km of m

7 is a structu

ll as salt flow

terval.  This 

gas fields in

and is up to 

e DDB the 

sitional cycle

shale layer. 

 Resource Asses

 

to Late-Devo

contains a 

for oil and

ght sands o

be a prospe

reserves an

of which rea

the main so

reservoirs w

rough of sou

opment.  To

.   

wide, and tr

rge-displace

km by 20-40

much as 15 k

mostly Devo

ural cross-se

ws in the bas

black shale

n the basin. 

15 km deep

Carbonifero

es, each of w

ssment 

onian 

thick 

d gas 

of the 

ective 

nd is 

ached 

ource 

within 

thern 

o the 

rends 

ement 

 km), 

km of 

onian 

ection 

sin.12 

e and 

 The 

 near 

us is 

which 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Source: AR
 

Figure X

Source: Sto

 

Europe (Bulgaria

 

Fig

I, 2013 

-7: Cross-Sec

ovba et al., 1996 

a, Romania, Ukr

gure X-6: Dnie

ction of Dneipr

 

raine) 

X-

epr-Donets Ba

r-Donets Basi

 EIA/ARI W

-12 

asin Showing 

n Showing De
Shale  

World Shale Ga

 Shale-Prospe

epth to the L. 

s and Shale Oil 

ective Areas 

Carboniferous

 Resource Asses

 

s (L. Visian) B

ssment 

Black 



X. Eastern E

 

 
  
June, 2013 
 
 
 

S

Upper V

These b

develope

prone.  T

lower pa

the Rudo

kerogen.

rocks occ

black sha

Figure 

Source: mod
 

T

window (

1.3-3.0%

penetrate

km, Figu

0.8-1.0%

Europe (Bulgaria

 

Several black

isean Rudov

lack shales 

ed in the Sre

The Rudov B

rt of the form

ov Beds ha

  Additional

cur in the Up

ales with up 

 X-8: Stratigra

dified from Sach

Thermal matu

(Ro 0.8-1.0%

%) in the sou

ed a nearly 

ure X-9.  TO

%).  The oil w

a, Romania, Ukr

k shale targe

v Beds are 

are up to 

ebnen and Z

Beds are rich

mation is hig

s 3.0% to 1

l slightly lea

pper Visean

to 5% TOC

phy of Dniepr

hsenhofer et al., 

urity of the R

%) in the cen

theast.  For 

1-km thick C

OC of up to 

window in th

raine) 

X-

ets occur wit

considered 

70 m thick,

Zhdanivske d

h in siliceous

gh in calcite 

10.7% TOC 

aner (TOC o

 above the R

. 

r-Donets Basin

 2010 

Rudov Beds

ntral and no

example, th

Carboniferou

4% in this in

his basin ap

 EIA/ARI W

-13 

thin the L. C

the best qu

 but more 

depressions

s radiolaria, 

as well as c

(average 5

of 3.0% to 3

Rudov Beds

n.  Black shale
Visean. 

s and the ov

orthwestern 

he Rud-2 pe

us Upper Vi

nterval is wi

ppears to be

World Shale Ga

Carboniferou

uality source

typically 30

s where they

making them

clay.  The o

5%), mostly 

3.5%) but s

s, while the l

es Occur in L

verlying Upp

DDB, increa

etroleum wel

isean shale 

ithin the oil

e normally to

s and Shale Oil 

s sequence

e rock and s

-40 m, and

y are quite d

m potentially

organic-rich m

Type III wi

still quite pro

lower Serpu

. Carboniferou

er Visean is

asing to dry 

ll in the Dnie

interval at a

thermal mat

o under-pres

 Resource Asses

 

, Figure 8.13

shale gas ta

 particularly

deep and dry

y brittle, whil

middle secti

ith some Ty

ospective so

khovian con

us Rudov and

 

s mainly in th

gas maturit

epr-Donets B

a depth of 4

turity window

ssured, whil

ssment 

  The 

arget.  

y well 

y gas 

le the 

ion of 

ype II 

ource 

ntains 

d U. 

he oil 

ty (Ro 

Basin 

4 to 5 

w (Ro 

e the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

dry gas w

data con

Figure X

Source: Sac
 

T

dip slope

axis.  Th

The nort

Lacking a

using ba

prospect

potential 

2.2 R

L

Serpukho

of the Dn

relatively

Europe (Bulgaria

 

window is lik

trol is poor.1

X-9: Rud-2 Wel

chsenhofer et al

The southwe

e, where thi

e L. Carbon

heast flank 

a detailed de

asement con

ive area.  N

along variou

Reservoir P

ower Carb

ovian) are p

neipr-Donets

y deep (3-5 

a, Romania, Ukr

kely to be ov

4  

ll in the Dniep
with TOC

., 2012 

st flank of th

ck L. Carbo

niferous is at

of the DDB 

epth map on

ntours and m

Note that sa

us parts of th

Properties 

boniferous 

rospective w

s Basin.  The

km).  They

raine) 

X-

ver-pressure

r-Donets Basi
C up to 4% in t

he Dneipr-Do

oniferous bla

t ideal depth

has thinner

n the Carbon

multiple pub

alt intrusion

he slope.  

(Prospecti

black shale

within a 10,1

ese shales a

y largely co

 EIA/ARI W

-14 

d due to ong

in, Showing th
the Oil Window

onets Basin 

ack shale tilt

h for shale d

r L. Carbonif

niferous, we

blished cross

s up to 15 

ive Area) 

es (Rudov

150-mi2 dept

are estimated

onsist of sili

World Shale Ga

going gas ge

he Carbonifer
w (Ro 0.8 to 1

is characte

ts gently to 

developmen

ferous that i

e constrained

s-sections, y

km thick m

 Beds, Lo

th-controlled

d to total ab

iceous or c

s and Shale Oil 

eneration, a

rous Upper Vis
.0%). 

rized by a s

the NNE to

t (1-5 km) o

is structurall

d the depth-

yielding goo

may negative

ower Visea

d belt that su

out 1 km in t

calcareous li

 Resource Asses

 

although pres

sean Shale (C

tructurally s

owards the 

over a broad

y more com

-prospective

od control o

ely impact s

an, and L

urrounds the

thickness bu

ithologies ri

ssment 

ssure 

C1v2) 

imple 

basin 

d belt.  

mplex.  

 area 

n the 

shale 

Lower 

e axis 

ut are 

ch in 



X. Eastern E

 

 
  
June, 2013 
 
 
 

radiolaria

should b

averagin

intrusions

2.3 R

D

southeas

(compris

resource

resource

W

mi2.  Ris

billion ba

billion ba

O

prospect

be about

risked in-

U

shale gas

tight gas

specified

2.4 R

In

7,800-km

stage inv

Petroleum

may inclu

 

Europe (Bulgaria

 

an and thus 

e favorable 

g about 4.5%

s may sterili

Resource A

Dry Gas Wi

stern Dniepr

ing the Rudo

e concentrati

es are estima

Wet Gas Win

sked, technic

arrels of con

arrels. 

Oil Window. 

ive area of a

t 0.7 billion b

-place shale

Ukraine’s Sta

s license in t

 resources. 

d. 

Recent Act

n early 2013

m2 Yuzovska

vestment co

m portions o

ude shale po

a, Romania, Ukr

are expecte

(30%) due t

%.  Thermal

ze some of t

Assessmen

indow.  The

r-Donets Ba

ov Beds and

on of approx

ated to be 59

ndow.  The 

cally recove

ndensate fro

 The smalle

about 1,460 

barrels of sha

e oil resource

ate Commis

the eastern 

 Whether th

ivity 

3 Shell was a

a PSA locate

mmitment is

of the Zagory

otential. 

raine) 

X-

ed to be britt

to the inferre

l maturity ra

the mapped

nt 

e mapped p

asin is estim

d portions of

ximately 195

9 Tcf, out of 

wet gas pro

erable resou

m in-place s

er oil window

mi2.  Risked

ale oil and c

es of 13 billio

ssion on Min

Dniepr-Done

his estimate

awarded Ukr

ed on the so

s $200 millio

yanska and 

 EIA/ARI W

-15 

tle with high

ed frackabilit

anges from o

 prospective

prospective 

mated at 6

f the overlyin

5 Bcf/mi2.  R

a risked sha

ospective are

rces are es

shale gas a

w in the nort

d technically

condensate a

on barrels. 

neral Resou

ets Basin ha

e reflects in-

raine’s first f

outh flank of

on.  Previous

Pokroskoe 

World Shale Ga

 porosity (6%

ty of the sha

oil to dry gas

e area (10%

area for th

,010 mi2.  

ng Upper Vi

Risked, techn

ale gas in-pl

ea of the DD

stimated at 1

nd shale oil

thwestern D

y recoverable

and 1 Tcf of

urces has e

as 2-3 Tm3 (

place or rec

formal shale

f the Dniepr

sly in 2011, 

conventiona

s and Shale Oil 

%).  Gas rec

ale.  TOC ap

s.  On the n

). 

he dry shale

Lower Carb

isean) has a

nically recov

ace of 235 T

DB extends 

16 Tcf of sh

 resources o

niepr-Donet

e resources

f associated 

estimated th

71-107 Tcf) 

coverable re

e gas explor

r-Donets Ba

ENI acquire

al licenses in

 Resource Asses

 

covery rates

ppears favor

egative side

e gas windo

boniferous s

a highly favo

verable shale

Tcf. 

over about 2

hale gas an

of 63 Tcf an

ts Basin cov

 are estimat

shale gas, o

at the Yuzo

of shale gas

esources wa

ation license

sin.  Shell’s

ed from Cad

n the DDB, w

ssment 

s also 

rable, 

e, salt 

ow in 

shale 

orable 

e gas 

2,680 

d 0.5 

nd 10 

vers a 

ted to 

out of 

ovska 

s and 

as not 

e, the 

s first-

dogan 

which 



X. Eastern E

 

 
  
June, 2013 
 
 
 

3. M

3.1 In

T

stretches

overthrus

the north

Moesian 

North Do

Carpathia

considere

Source: AR

Europe (Bulgaria

 

MOESIAN P

ntroduction

The Moesian

s across sou

sted by the B

hern bounda

Platform is

obrogea Oro

ans, contain

ed less pros

Figur

I 2013 

a, Romania, Ukr

PLATFORM

n and Geo

n Platform 

uthern Rom

Balkan thrus

ry; both are 

s separated 

ogen.  The 

ns similar so

spective.   

re X-10: Moesi

raine) 

X-

M (ROMAN

logic Setti

is a compa

ania and no

st system to 

Cenozoic fe

from the C

adjacent G

urce rocks b

an Platform R

 EIA/ARI W

-16 

IA, BULGA

ng 

aratively sim

orth-central 

the south, w

eatures relat

arpathian F

Getic Basin 

but is more d

Region Showin

World Shale Ga

ARIA) 

mple (for E

Bulgaria, Fi

while the Ca

ted to Alpine

Foreland Bas

of Romania

deformed by

ng Shale-Pros

s and Shale Oil 

Europe) fore

igure X-10. 

arpathian thr

e tectonics. 

sin and on 

a, the forela

y Tertiary tec

spective Areas

 Resource Asses

 

eland basin

 The Platfo

ust system f

 To the eas

the north b

and of the S

ctonic events

s. 

ssment 

 that 

rm is 

forms 

st, the 

y the 

South 

s and 



X. Eastern E

 

 
  
June, 2013 
 
 
 

U

rocks are

gas field

and occa

T

prospect

Carbonife

Etropole 

shales (B

shale and

T

and the 

Silurian r

Block in 

4,200 m 

eastern B

of 1 to 5 

T

the main

lower po

interbeds

the Uppe

predomin

pressure

maturity 

Balkan th

O

within the

unstimula

Mid-Trias

Europe (Bulgaria

 

Up to 12 km

e present on

s that have 

asionally from

The Moesian

ive for shale

erous Tanda

Shale; the 

Badenian to

d Jurassic E

The Silurian 

Carpathian 

ranges from

southwest 

deep, and 

Bulgaria, thic

km, but data

The other ma

 petroleum s

rtion, the St

s of marl an

er Jurassic H

nating.20 The

ed in much o

falls in the o

hrust belt (R

Oil and gas h

e Etropole F

ated rate of 

ssic Dolni Da

a, Romania, Ukr

m of mostly f

n the Moesia

been discov

m basal Jura

n Platform 

e gas devel

arei, Vlasin, 

Bathonian (

o Sarmatian)

Etropole Sha

shale in the

Foreland B

 2 to over 5

Romania, th

has about 

ck (650-m), 

a were not s

ain target in t

source rock 

tefanetz Me

nd limestone

Haynesville S

e Etropole S

of the regio

oil window in

o 1.0% to 1.5

has been pr

Formation, su

530,000 ft3/

abnik fields 

raine) 

X-

flat-lying, ca

an Platform, 

vered in this

assic sandst

contains m

opment, Fig

and Calaras

(Dogger) sh

).  The main

ale. 

e Moesian P

Basin furthe

5 km deep a

he Silurian L

3% TOC, F

organic-rich

ufficient to m

the Moesian

in northwes

mber, conta

e that was d

Shale.18  TO

Shale gener

on, with an e

n the north, 

5%).22 

roduced from

uch as the P

/d.  In additio

has been ch

 EIA/ARI W

-17 

arbonate-rich

Figure X-11

s region pro

tone. 15,16  

multiple orga

gure X-12.  

si formations

ales (Bals F

n targets fo

Platform is b

r to the nor

across the M

Llandovery 

Figures X-13

 Silurian sha

map this port

n Platform is 

st Bulgaria, F

ains thick, ca

eposited in 

OC ranges fro

rally ranges 

elevated pre

increasing t

m conventio

Peshtene R-

on, oil produ

hemically link

World Shale Ga

h Paleozoic

.  The relativ

oduce mainly

anic-rich so

These inclu

s, including 

Formation); 

r shale gas 

roadly simila

rth.  Region

Moesian Plat

Shale is at 

3 and X-14.

ales reported

rtion of the p

the Jurassic

Figure X-15.

arbonate-ric

a marine e

om 1.0% to 

from 2.5 to

essure grad

to wet and d

nal silty, san

-5 well which

uced from th

ked back to 

s and Shale Oil 

c and Mesoz

vely few con

y from mid-T

ource rock 

ude the Ord

Silurian sha

and Mid-Mio

exploration

ar to that ta

nal cross-se

tform.  At th

least 160 m

.17  At the B

dly are at pr

play. 

c Etropole S

  In particula

ch (40-50%) 

nvironment, 

4.6%,19 with

o >5 km dee

dient of 0.78

dry gas in th

ndy, and ca

h reportedly 

he Jurassic D

the Etropole

 Resource Asses

 

zoic sedime

nventional o

Triassic dolo

shales that

ovician to U

ales; the Jur

ocene marls

n are the Sil

argeted in Po

ections show

he South Cra

m thick, 4,0

Bulgarian Ar

rospective de

Shale, consid

ar its organic

black shale

not dissimi

h Type II ker

ep21 and is 

8 psi/ft.  The

he south nea

arbonate inte

flowed gas 

Dolni Lukovi

e Shale. 

ssment 

entary 

il and 

omite 

t are 

Upper 

rassic 

s and 

lurian 

oland 

w the 

aiova 

50 to 

rch in 

epths 

dered 

c-rich 

e with 

lar to 

rogen 

over-

ermal 

ar the 

ervals 

at an 

it and 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figur

Source: Vel
 

Figu

Europe (Bulgaria

 

re X-11: Regio
Paleoz

iciu and Popesc

ure X-12: Strat

Sourc

a, Romania, Ukr

nal Cross-Sec
oic Shale at  M

cu, 2012 

tigraphic Colu

ce: Sterling Reso

raine) 

X-

ctions in of th
Mostly Modera

umn Showing 

ources, 2013 

 EIA/ARI W

-18 

e Moesian Pla
ate Depth with

 

 L. Silurian Lla

World Shale Ga

atform In Rom
h Relatively S

andovery Sha

s and Shale Oil 

mania Showing
imple Structu

les in Southw

 Resource Asses

 

g  Jurassic an
re. 

west Romania.

 

ssment 

d 

 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure 

Source: Ste
 
 

Figure 
Shales 

Sou
 

Europe (Bulgaria

 

 X-13: Well Lo

erling Resources

 X-14: SW-NE 
 at the South C

urce: Sterling Re

a, Romania, Ukr

gs Showing P
Craio

, 2013 

 Trending Seis
Craiova Block

esources, 2013 

raine) 

X-

Paleozoic Sect
ova Block (EII

smic Line Sho
k in Southwes

 EIA/ARI W

-19 

tion Including
I-7) in Southw

 

owing Paleozo
st Romania.  S

Present. 

World Shale Ga

g L. Silurian Ll
west Romania.

oic Section Inc
Structure is Re

s and Shale Oil 

landovery Sha
. 

cluding L. Silu
elatively Simp

 Resource Asses

 

ales at the Sou

urian Llandove
le But Faults a

ssment 

uth 

ery 
are 



X. Eastern E

 

 
  
June, 2013 
 
 
 

 

 

A

TransAtla

deep acr

Shale is 

dips cut b

assumed

T

rigorousl

eastern o

into the B

blocks of

sequence

a shale g

 

Europe (Bulgaria

 

Fig

Source: Tra

At the Sud 

antic, the Et

ross the blo

about 3,800

by several fa

d to have rela

The eastern 

y mapped. 

onshore Bulg

Black Sea, F

f Proterozoic

e.  On the o

gas license –

a, Romania, Ukr

gure X-15: We

ansAtlantic Petro

Craiova l

tropole Sha

ock, Figure X

0 m deep, Fi

aults.  Other

atively simila

continuation

 Two time-

garia at two-

Figure X-18.

c basement 

ther hand, t

– holds pres

 

raine) 

X-

ll log across t

oleum Ltd, Febru

icense in 

le ranges fr

X-16.  At th

gure X-17.  

r portions of 

ar structure.

n of the Jur

-structure tr

-way seismi

  The Centra

blocks north

he North Bu

erved Juras

 EIA/ARI W

-20 

the Jurassic E

uary 2011 

southwest 

om 115 to o

he Lovech b

Structure is 

the Moesian

rassic Etrop

ransects sug

c times of 0

al Dobrogea

h of the Pala

ulgarian Arch

sic to Tertia

World Shale Ga

Etropole Shale

Romania, 

over 700 m 

block in nort

fairly simple

n Platform la

pole Shale i

ggest the E

.5 to 3.0 sec

a Green Sch

azu Fault, h

h -- where C

ry sedimenta

s and Shale Oil 

e in Bulgaria 

operated b

thick and 3

thwest Bulga

e in this regi

acking data c

s unclear a

Etropole ma

conds, deep

hist Zone, co

as only a th

Chevron initia

ary sequenc

 Resource Asses

 

 

by Sterling 

3,700 to 4,5

aria the Etro

ion, with flat 

control also 

and could no

ay be prese

pening to the

omprising up

hin or no Jur

ally was awa

ces.23   

ssment 

and 

00 m 

opole 

 lying 

were 

ot be 

ent in 

e east 

plifted 

rassic 

arded 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure X
Craiov

Source: Ste
 

Figu

 
Source: Tra
 

Europe (Bulgaria

 

X-16: Regiona
va Block in So

erling Resources

ure X-17: Juras

ansAtlantic Petro

a, Romania, Ukr

al Seismic Sec
uthwest Roma

, 2013 

ssic Etropole 
Petrole

oleum, 2011 

raine) 

X-

ction Showing
ania.  The Stru

Shale is abou
eum’s Lovech

 EIA/ARI W

-21 

g Jurassic and
uctural Dip is 
Present. 

 

 

ut 3,800 m Dee
 Block in Nort

World Shale Ga

d L. Silurian L
 Relatively Ge

ep  with 1.0% t
thwest Bulgar

s and Shale Oil 

landovery Sha
entle but Nume

to 1.3% Ro at 
ria. 

 Resource Asses

 

ales at the So
erous Faults a

 TransAtlantic

ssment 

outh 
are 

c 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure X

Source: Tar
 

3.2 R

L

1,600 mi

due to da

Depth ra

maturity 

J

prospect

and sout

(gross) a

Gas reco

moderate

(Ro 1.0%

3.3 R

R

Romania

condensa

respectiv

share is e

Europe (Bulgaria

 

X-18: Regional

ri et al., 2011 

Reservoir P

L. Silurian S

i2, all of whi

ata limitation

anges from 2

ranges from

Jurassic Etr

ive within an

thwest Roma

at moderate 

overy rates a

e, averaging

% to 1.3%).  T

Resource A

Risked, tech

a and Bulgar

ate, out of a

vely.  Roma

estimated at

a, Romania, Ukr

 Cross-Sectio
Bulgaria W

Properties 

Shale.  The m

ch is locate

ns, although 

2 to 5 km.  O

m wet to dry g

ropole Sha

n estimated 

ania.  The m

depth of abo

also could be

g about 3% 

The pressure

Assessmen

nically reco

ria are estim

a risked sha

nia’s share 

t 16 Tcf and 

raine) 

X-

on Showing Th
Which Thin Ma

(Prospecti

mapped pros

ed in Roman

there could

Organic-rich

gas.  TOC is

ale.  Black 

7,940-mi2 a

most organic

out 10,000 f

e favorable 

in the more 

e gradient is

nt 

overable sha

mated to be 

ale gas and 

is approxim

0.2 billion b

 EIA/ARI W

-22 

hick Jurassic 
rkedly to the N

ive Area) 

spective are

nia.  No pro

 be prospec

h thickness a

s estimated a

shales in 

area of the M

-rich shales 

ft.  Porosity 

based on th

prospective

s estimated a

ale resource

47 Tcf of sh

shale oil in-

ately 30 Tcf

barrels.   

World Shale Ga

 Lias and Dog
North into Ro

a for black s

spective are

ctive Silurian

averages ab

at 3%, poros

the Mid-Ju

Moesian Pla

are estimat

is assumed 

e inferred b

e intervals.  

at 0.7 psi/ft.

es in the M

hale gas an

-place of 19

f and 0.3 bi

s and Shale Oil 

ger Shale Dep
mania. 

shales in the

ea was iden

n areas in no

bout 600 ft (

sity at about

urassic Etro

atform, in no

ted to total a

to be mode

rittle litholog

Thermal ma

Moesian Pla

nd 0.5 billion

96 Tcf and 1

illion barrels

 Resource Asses

 

posits in North

e L. Silurian t

ntified in Bul

ortheast Bulg

(gross).  The

t 4%. 

opole Shale

orthwest Bul

about 250 m 

erately high 

gy.  TOC app

aturity is we

atform regio

n barrels of s

10 billion ba

s while Bulga

ssment 

hern 

totals 

lgaria 

garia.  

ermal 

e are 

lgaria 

thick 

(5%).  

pears 

et gas 

on of 

shale 

arrels, 

aria’s 



X. Eastern E

 

 
  
June, 2013 
 
 
 

S

Silurian s

of a riske

J

Jurassic 

be 37 Tc

estimated

S

Pazar blo

Silurian s

to 2,800 

was not p

A

have es

approxim

estimated

prospect

In

resource

26 Tcf, o

Silurian p

3.4 R

S

well has 

the 4,400

January 

fracturing

 

Europe (Bulgaria

 

Silurian Llan

shale of the 

ed shale gas

Jurassic Etr

Etropole Sh

cf out of a ris

d at 0.4 billio

Separately, in

ock has 0.3 

silty shale.  T

m deep, an

possible to m

At the 1,500-

stimated tha

mately 3 Tc

d its blocks

ive resource

ndependent 

es in the Silu

out of 1,295 T

potential in B

Recent Act

Several comp

been drilled

0-km2 Novi 

2012 Chev

g.  

a, Romania, Ukr

ndovery Sha

Moesian Pla

s in-place of 

ropole Sha

hale within th

sked shale g

on barrels of

n northeaste

to 1.0 Tm3 

The Devonia

nd have 3.5%

map this play

-mi2 Sud Cra

at the Silur

cf (Best Es

s hold a to

es (gross; Be

researchers

urian shale o

Tcf of OGIP

Bulgaria.26   

ivity 

panies have

.  In June 20

Pazar bloc

vron can on

 

raine) 

X-

ale.  Risked

atform of Ro

48 Tcf. 

ale.  Riske

he Moesian 

as in-place o

f condensate

ern Bulgaria

(11 to 35 T

an-Silurian w

% sapropelic

y due to lack

aiova license

rian shale 

stimate). Inc

otal of 0.3 T

est Estimate

s in Roman

of the southe

 (Mean Estim

e pursued sh

011, Chevro

k of northea

nly pursue c

 EIA/ARI W

-23 

, technically 

mania and B

d, technica

Platform of 

of 148 Tcf, w

e out of 7.9 b

, the govern

cf) of shale 

was reported

c organic ma

k of data. 

e in southwe

has gross 

cluding the 

Tm3 (11 Tc

e).25 

nia recently 

ern Romania

mate).  The 

hale gas lea

on received a

astern Bulga

conventional

World Shale Ga

recoverable

Bulgaria are

lly recovera

Romania a

while shale o

billion barrel

nment has e

gas resourc

d in the stud

atter with TA

est Romania

recoverable

Jurassic E

cf) of unrisk

y estimated 

an portion of

Jurassic wa

asing in Bulg

a 5-year sha

aria.  Howe

l targets in 

s and Shale Oil 

e shale gas 

 estimated t

able shale 

nd Bulgaria 

oil/condensa

ls of risked o

estimated th

ce potential 

dy to be up to

AI from 2 to

a, Sterling a

e prospectiv

Etropole, T

ked, recove

the technic

f the Moesia

as not asses

garia but on

ale gas explo

ever, since t

the block w

 Resource Asses

 

resources in

to be 10 Tcf,

resource in

are estimat

ate resource

oil in-place.

e 4,400-mi2

in the Devo

o 2 km thick

o 5.24  Howev

and TransAt

ve resource

ransAtlantic

erable shale

cally recove

an Platform 

ssed, nor wa

ly one shale

oration perm

the shale ba

without hyd

ssment 

n the 

, out 

n the 

ted to 

es are 

Novi 

onian-

k, 800 

ver, it 

tlantic 

es of 

c has 

e gas 

erable 

to be 

as the 

e test 

mit for 

an of 

raulic 



X. Eastern E

 

 
  
June, 2013 
 
 
 

U

holds a s

Moesian 

was also

In

3,190-m 

Jurassic 

located n

in the Ju

gas show

described

fracture 

Shale els

C

Dobruja 

shale ga

January 

Bulgarga

REFERE

               
1 Rudko, G.

Instrumen
February 

2 Shale Ga
Overview.

3 Daborows
Status, an

4 Seghedi, 
Sciences,

5 Sachsenho
125-136. 

6 Koltun, Y.,
External C

7 Ionescu, 
“Hydrocar

Europe (Bulgaria

 

US-based Tr

shale gas e

Platform no

o awarded th

n November

deep Golja

Etropole Sh

near the Pes

urassic Etrop

ws (C1-C3) 

d rock prope

stimulated a

sewhere on 

Canada’s Pa

province (bl

as at the No

2012 when

az has not di

ENCES 

                   

. and Lovyniuko
nt of Investment
14, 32 p. 

s Research Gro
.”  Sofia, Bulgari

ki, T. and Grosz
nd Outlook.”  Ce

A., 2012.  “Pala
 vol. 21, p. 669-

ofer, R.F. and K

, Espitalie, J., Ko
Carpathians and

L., Ionescu, B.
rbons Prospectin

a, Romania, Ukr

ransAtlantic 

exploration li

orth of the B

e adjacent 6

r 2011 Tran

amo Peshten

hale.  The R

shtene R-5 w

pole.  The R

and cored 2

erties as sim

as Bulgaria 

the Lovech 

ark Place E

ocks Vranin

ovi Pazar fie

n the shale

sclosed any

               

v, V.I., 2013.  “S
t Proposals on 

oup, 2011.  “Hy
a, 26 January, 4

zkowski, J., 2012
ntre for Eastern 

aeozoic Format
721. 

Koltun, Y.V., 201

otarba, M., Rou
 the Adjacent Fo

, Marinescu, D
ng Using Integra

raine) 

X-

Petroleum, 

icense at th

Balkan forel

648-km2 Koy

nsAtlantic an

ne R-11 exp

R-11 well wa

well, which h

R-11 well pe

289 m of th

milar to thos

has a ban 

block where

nergy recei

no 1 to 11). 

eld, also loc

e gas ban c

y shale-relate

State Classificat
 Energy Resou

ydrocarbon Pote
41 p. 

2.  “Shale Gas in
 Studies, Warsaw

tions from Dobro

2.  “Black Shale

re, F., Ellouz, N
oreland.”  Journa

D., Nedelcu, M.I
ated Geophysica

 EIA/ARI W

-24 

through its

e 2,300-km2

ands in nor

ynare block. 

nd Canada-

ploration we

as drilled in

had flowed 5

enetrated 35

he Jurassic 

se of produc

in place.  T

e it is about 3

ved an exp

 In June 20

cated in Do

came into 

ed activity.   

tion of Mineral R
rces.”  Black S

ential and Prosp

n Bulgaria, the C
w, Poland, 30 p.

ogea and Pre-D

es in Ukraine – A

., and Kosakows
al of Petroleum G

., Balint, I., Liv
al Methods (Mag

World Shale Ga

s subsidiary
2 Lovech blo

rthwest Bulg

  

-based part

ell at Lovec

n 56 days an

530,000 ft3/d

54 m of Etro

Etropole an

ctive US sha

TransAtlanti

3,800-m dee

ploration pe

11 Chevron

obruja, but t

effect.  Bul

  

Resources and 
Sea and Caspia

pects of NE Bu

Czech Republic 
. 

Dobrogea – An 

A Review.”  Mari

ski, P., 1998.  “P
Geology, vol. 21

vanov, O., Pom
gnetotelluric Sou

s and Shale Oil 

y Direct Pet

ock, located

garia.  Trans

ner LNG E

h to core a

nd cost $7.5

d from a con

opole argillit

nd Ozirovo f

ale plays.  T

c plans to t

ep.27   

rmit in nort

n won a tend

the permit w

lgaria’s stat

Reserves of Uk
an Sea Energy 

ulgaria and Offs

 and Romania: P

 Overview.”  Tu

ine and Petroleu

Petroleum Gene
, p. 265-288. 

marjanschi, D., a
undings, Gravity

 Resource Asses

 

troleum Bulg

d in the sou

sAtlantic rec

nergy drilled

and test the 

5 million.  It

ventional int

e with nume

formations.  

The well wa

test the Etro

thwest Bulga

der to explor

was cancell

te gas com

raine as an Eva
 Conference, L

shore Black Sea

Political Context

urkish Journal o

um Geology, vol

eration in the Uk

and Pomarjans
y and Magnetics

ssment 

garia, 

uthern 

cently 

d the 

Mid-

t was 

terval 

erous 

LNG 

as not 

opole 

aria’s 

re for 

ed in 

mpany 

aluation 
London, 

a – An 

t, Legal 

f Earth 

. 31, p. 

krainian 

chi, O.  
) in the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

               
External F
American 

8 Saadre, T
Volynia R

9 Veliciu, S.
Assessing

10 Izart, A., B
Moscovia

11 Stephens
the Dniep

12 Stovba, S
from Regi

13 Sachsenh
Source Ro

14 Law, B.E
Evaluated

15 Barbulice
Framewor
American 

16 Tari, G., 
Moesian P
Region An

17 Sterling R

18 TransAtla

19 Shale Ga

20 TransAtla

21 Zilinski, R
Petroleum
Associatio

22 LNG Ene

23 Georgiev
21, p. 723

24 Shale Ga

25 TransAtla

26 Veliciu an

27 TransAtla

Europe (Bulgaria

 

                   
Flysch Zone (E
 Association of P

., Einasto, R., N
egion, Northwes

. and Popescu, 
g the Resource.”

Briand, C., Vasle
n in the Donets 

son, R.A. et al., 
er-Donets Rift a

S., Stephenson, 
onal Seismic Re

hofer, R.F., Shy
ocks in the Dnie

., Ulmishek, G.F
d in Dnieper-Don

eanu, N., Oterd
rk, Moesian Pla
 Association of P

 Ciudin, D., Kos
Platform of Rom
nnual Conferenc

Resources, 2012

antic Petroleum L

s Research Gro

antic Petroleum L

R.E., Nelson, D.R
m System, Sout
on of Petroleum 

rgy Ltd, Prelimin

, G., 2012.  “Ge
3-754. 

s Research Gro

antic Petroleum L

nd Popescu, 201

antic Petroleum L

a, Romania, Ukr

                   
astern Carpathi

Petroleum Geolo

olvak, J., and St
stern Ukraine.”  B

B., 2012.  “Are 
”  Petroleum Clu

et, D., Vachard, 
Basin.”  Tectono

 1993.  “Contine
nd Polish Troug

R.A., and Kivsh
eflection Profiles

manovskyy, V.A
pr-Donets Basin

F., Clayton, J.L.,
nets Basin, Donb

oom, H., and T
atform and the 
Petroleum Geolo

stner, A., Railea
mania and Bulga
ce, Kiev, Ukraine

2.  “Onshore Rom

Ltd, 2011.  SEC 

up, 2011. 

Ltd, 2011.  SEC 

R., Ulmishek, G.
hern Moesian P
Geologists, Euro

nary Short Form 

ology and Hydro

up, 2011. 

Ltd., 2012.  Corp

2. 

Ltd., 2011.  “A-L

raine) 

X-

                   
ians, Northern M
ogists, European

touge, S., 2004.
Bulletin of the G

 the Paleozoic P
b, 26 p. 

 D., Coquel, R., 
ophysics, vol. 26

ental Rift Develo
h Basins.”  Sedi

ik, M., 1996.  “S
s.”  Tectonophys

A., Bechtel, A., G
n, Ukraine.”  Petr

, Kabyshev, B.P
bas Foldbelt, Uk

Tulucan, A., 201
 Getic Basin, R
ogists, European

anu, A., Tulucan
aria.”  AAPG Se
e, October 17-19

mania – Craiova

 Form 8-K, Febr

 Form 8-K, Febr

F., Tonev, K., V
Plate, Bulgaria.”
opean Region A

 Prospectus, Aug

ocarbon System

porate Presentat

ovech License, 

 EIA/ARI W

-25 

                  
Moldavia).”  AA
n Region Annual

  “Ordovician St
eological Societ

Plays the Future

 and Maslo, A., 1
68, p. 189-209. 

opment in Preca
mentary Geolog

Structural Feature
ics, vol. 268, p. 

Gratzer, R., Hor
roleum Geoscien

P., Pashova, N.T
raine.”  Oil and G

10.  “Identificati
Romania.”  AAP
n Region Annual

n, A., Vacaresc
earch and Disco
9, 2010. 

: UCG Silurian S

uary 4, 2011, 26

uary 4, 2011, 26

Vladov, J., and E
”  AAPG Searc

Annual Conferen

gust 29, 2011, 1

ms in the Wester

tion, January, 31

Bulgaria.”  Augu

World Shale Ga

                   
APG Search an
l Conference, Ki

tratigraphy of the
ty of Denmark, v

e of Unconventi

1996.  “Stratigra

ambrian and Ph
gy, vol. 86, p. 15

es and Evolution
127-147. 

rsfield, B., and R
nce, vol. 16, p. 3

T., and Krivoshe
Gas Journal, No

ion of Petroleum
PG Search and
l Conference, Ki

cu, G., and Van
overy Article #1

Shale Gas.”  Pos

6 p. 

6 p. 

by, D.E., 2010. 
ch and Discover
ce, Kiev, Ukrain

16 p.  

rn Black Sea.”  T

1 p. 

ust, 8 p. 

s and Shale Oil 

                   
d Discovery Art
iev, Ukraine, Oc

e Kovel-1 Well (
vol. 51, p. 47-69.

ional Gas in Ro

aphy and Seque

anerozoic Europ
59-175. 

n of the Dniepr-D

Reischenbacher
377-399. 

eya, V.A., 1998. 
ovember. 

m Systems in a
d Discovery Art
iev, Ukraine, Oc

ngelov, D., 2011
0311, Adapted 

ster.  

 “Unconventiona
ry Article 90109

ne, October 17-1

Turkish Journal 

 Resource Asses

 

                   
ticle 90109 (Ab

ctober 17-19. 

(Volkhov-Haljala
. 

omania? An Atte

nce Stratigraphy

pe: EUROPROB

Donets Basin, U

, D., 2010.  “Pa

  “Basin-Centere

a Complex Geo
ticle 90109 (Ab

ctober 17-19. 

1.  “Play Types 
from AAPG Eu

al Plays in the E
9 (Abstract), Am
9. 

of Earth Science

ssment 

         
bstract), 

) in the 

empt of 

y of the 

BE and 

Ukraine, 

leozoic 

ed Gas 

ological 
bstract), 

 of the 
ropean 

Etropole 
merican 

es, vol. 



XI. United K

 
  
June, 2013 
 
 
 

XI. U

 

SUMMA

T

resource

northern,

Kingdom 

UNITED

ARY 

The United K

es within Ca

, central and

Source:

D KINGD

Kingdom ha

arboniferous-

d southern p

Figure 

 ARI 2013. 

X

DOM 

as substantia

- and Juras

ortions of th

 XI-1 : Shale B

EIA/ARI W

I-1 

al volumes 

sic-age sha

e country.  

Basins in the U

World Shale Gas

of prospect

ale formation

United Kingdo

s and Shale Oil 

tive shale g

ns distribute

om 

Resource Asses

 

as and sha

ed broadly i

 

ssment 

ale oil 

n the 



XI. United K

 
  
June, 2013 
 
 
 

T

of shale 

XI-1 and 

place (13

estimates

intervals.

 

Kingdom 

The risked, te

gas and 0.7

XI-2.  This 

34 Tcf, risk

s reflect on

. 

Table XI-1

So

Table XI-2

R
e
se
rv
o
ir

echnically re

7 billion barre

is based on

ed) and 54 

nly the hig

.  Shale Gas R

ource: ARI, 2013

2.  Shale Oil R

Source: A

R
e
se
rv
o
ir
 

P
ro
p
er
ti
e
s Reservoir Pres

Average TOC 
Thermal Matu
Clay Content

R
es
o
u
rc
e

Gas Phase

GIP Concentra

Risked GIP (T

Risked Recove

P
h
ys
ic
a
l E
xt
e
n
t Prospective A

Thickness (ft)

Depth (ft)

B
as
ic
 D
a
ta Basin/

Shale 
Geol

Deposition

R
es
er
vo

ir
 

P
ro
p
er
ti
es

R
es
o
u
rc
e

P
h
ys
ic
al
 E
xt
en

t
B
as
ic
 D
at
a

X

ecoverable s

els of shale 

n the much la

Bbbl of sh

her-TOC po

Reservoir Pro

 

Reservoir Prop

ARI, 2013 

C

Organically Rich
Net 
Interval
Average

ssure

(wt. %)
rity (% Ro)

ation (Bcf/mi2)

Tcf)

erable (Tcf)

Area (mi2)

Gross Area

 Formation
logic Age

nal Environment

Org
Net
Inte
Ave

Reservoir Pressure

Average TOC (wt. %
Thermal Maturity (
Clay Content

Oil Phase

OIP Concentration

Risked OIP (B bbl)

Risked Recoverabl

Prospective Area (

Thickness (ft)

Depth (ft)

Basin/Gros

Shale Form
Geologic

Depositional En

EIA/ARI W

I-2 

shale resour

oil and cond

arger unrisk

ale oil in-pl

ortions of t

perties and Re

perties and Re

North UK
Carboniferous Shale 

(10,200 mi2)

Carboniferous Sh
Carboniferous

Marine

5,100

820
410

5,000 - 13,000
8,500

Normal

3.0%
1.30%

Medium

Dry Gas

117.3

125.6

25.1

Ju

ganically Rich
t 
erval
erage

e

%)
(% Ro)

n (MMbbl/mi2)

)

le (B bbl)

(mi2)

ss Area

mation
c Age
nvironment

World Shale Gas

rces of the U

densate in tw

ked estimate

ace (17 bill

the Carbon

esources of th

esources of th

 Region
So

Jurassic

(3,

hale Li
L. 

0 4,0

N

M

As

South UK
urassic Shale Regi

(3,470 mi2)

Lias Shale
L. Jurassic

Marine

1,735

165
149

4,000 - 6,000
5,000

Normal

3.0%
0.85%

Medium

Oil

30.9

17.1

0.69

s and Shale Oil 

U.K. are est

wo assessed

es of 623 Tc

lion barrels,

iferous and

he United Kin

 

he United King

 

outh UK
c Shale Region

,470 mi2)

as Shale
 Jurassic
Marine

1,735

165
149

00 - 6,000
5,000

Normal

3.0%
0.85%

Medium

soc. Gas

14.5

8.0

0.6

on

Resource Asses

 

timated at 2

d regions, Ta

cf of shale ga

 risked).  T

d Jurassic s

gdom 

gdom 

ssment 

6 Tcf 

ables 

as in-

These 

shale 



XI. United K

 
  
June, 2013 
 
 
 

In

in the B

However

EIA/ARI’s

2011 ass

C

complex,

Pennine 

wells wh

of the N

southern

S

drilling h

hydraulic

Following

shale ex

Decembe

Cuadrilla

INTROD

W

and sha

industry, 

gas pric

condition

shale we

commerc

P

than in F

shale pro

vertical w

shale de

fracturing

Kingdom 

nitial explora

owland Sub

r, production

s current es

sessment, w

Compared w

, while drilli

Basin, one 

ich cored th

North UK Ca

 England in 

Shale testing

have not ev

cally stimula

g an 18-mon

xploration a

er 2012, al

a Resources

DUCTION 

Within Europ

le oil poten

the UK has

es are high

ns are much

ells are more

cial levels of

Political oppo

France or G

oduction tes

wellbore was

posits in the

g for a period

ation drilling 

b-basin in th

n testing has

stimate of the

while new sha

with North A

ing and com

of the coun

he Carbonife

arboniferous

the Wessex

g is still at a

en been at

ated triggere

nth moratori

are small a

beit with st

, IGAS, Dart

pe, the Unite

ntial.  Howe

s limited do

h (~$9/MMB

h more comp

e costly to d

f shale produ

osition to sh

Germany.  H

st well trigge

s deformed. 

e UK (and ge

d of eighteen

X

has confirme

he west po

s not yet occ

e UK’s shale

ale oil poten

America, the

mpletion co

ntry’s most p

erous Bowla

s Shale reg

x and Weald

an early ph

ttempted.  I

ed a series

ium, the gov

nd manage

tricter moni

t Energy, an

ed Kingdom 

ever, with a

mestic serv

Btu) in the 

plex.  Faults

drill.  While 

uction are ye

hale develop

Hydraulic fra

ered small lo

 This is per

enerally in E

n months to 

EIA/ARI W

I-3 

ed the prese

rtion of the

curred and t

e gas resou

tial has bee

e shale geo

sts for shal

prospective a

nd Shale.  O

gion and the

basins, Figu

ase in the 

n a tempor

 of minor e

vernment co

eable.  Sha

toring contr

d others.   

stands nex

 small exis

vice sector c

UK compa

s are numer

the UK’s sh

et to be esta

pment is gre

cturing got 

ocal earthqu

rhaps unsurp

Europe).  The

better evalu

World Shale Gas

ence of thick

 Pennine B

the other sh

rces is abou

n added.  

ology of the

le wells are

areas, has b

Other prosp

e liquids-ric

ure XI-1. 

UK – flow t

rary setback

earthquakes

oncluded tha

ale drilling w

rols.  Curre

xt after Pola

sting onshor

capability for

ared with N

rous, geolog

hale resourc

ablished.   

eater in the 

off to an ab

akes during

prising given

e governme

uate the risks

s and Shale Oil 

k, gas-bearin

Basin of nor

ale regions 

ut 10% high

e UK is co

e substantia

been tested 

ective areas

ch Jurassic 

testing and 

k, the first s

s related to

at the enviro

was allowe

ent shale o

nd in pursu

re conventio

r shale expl

North Americ

gic data con

ce base app

UK than in 

bysmal start

g fracture sti

n the highly 

nt banned o

s. 

Resource Asses

 

ng shale dep

rthwest Eng

remain und

er than our 

onsiderably

ally higher. 

with five ve

s include the

Shale regio

horizontal s

shale well t

o a nearby 

onmental ris

ed to resum

operators in

ing its shale

onal oil and

loration.  Na

ca, but geo

trol is weak

pears substa

 Poland but

t.  The UK’s

mulation an

faulted natu

onshore hyd

ssment 

posits 

gland.  

rilled.  

initial 

more 

 The 

ertical 

e rest 

on of 

shale 

to be 

fault.  

sks of 

me in 

clude 

e gas 

d gas 

atural 

ologic 

k, and 

antial, 

t less 

s first 

d the 

ure of 

raulic 



XI. United K

 
  
June, 2013 
 
 
 

In

to groun

Preese H

mining.  

time they

approval 

delayed 

C

(PEDL) b

types of

developm

Currently

potential

date of w

A

two have

Resource

drilling a

the pres

encounte

nearby, 

attempte

Energie, 

but have

 

Kingdom 

n January 20

dwater and 

Hall-1 well w

What's more

y reach the s

for shale 

its plan to re

Companies w

by the UK go

f petroleum

ment is sub

y there are a

.  Proprietar

well completi

At least six o

e actually d

es, partly (4

nd coring fo

ence of up 

ered active 

coring the 1

d in the UK

Dart Energ

n’t yet drilled

012 the Briti

earthquake

were “comp

e, they origi

surface.”1  In

exploration,

esume fractu

which have b

overnment a

m resources

bject to nec

about 334 o

ry shale dat

on.   

il and gas co

drilled shale

43%) owned

our shale ex

to 2-km of

faults and h

1,600-ft thic

K, nor have 

y, and Eden

d. 

 

X

sh Geologic

es had been

parable in s

nate much d

n December 

, albeit with

ure stimulatio

been granted

are permitted

s (conventio

cessary nati

onshore PED

ta typically a

ompanies ar

e wells.  A

d by Austral

xploration we

f gas-bearin

high-stress 

ck Bowland 

flow tests b

n Energy als

EIA/ARI W

I-4 

cal Survey n

n exaggerat

size to the f

deeper in th

2012 the U

h strict mon

on until 2014

d a Petroleu

d to explore 

onal, coalbe

onal and lo

DLs, of whic

are kept con

re targeting 

All wells hav

ian drilling c

ells in the W

ng organic-ri

conditions. 

Shale.  Ho

been reporte

so are evalu

World Shale Gas

oted that the

ted.  Minor 

frequent min

e crust so h

K governme

nitoring con

4 at the earli

um Explorati

and develo

ed methane

ocal consen

ch several d

nfidential for

shale gas e

ve been ve

company AJ

West Bowlan

ich shale.  

 IGAS Ene

orizontal sha

ed.  Coasta

uating their 

s and Shale Oil 

e risks of sh

earthquake

nor quakes 

have all but d

ent finally gra

nditions.  C

iest. 

on and Dev

p shale gas

e, tight ga

nt and plan

ozen have r

r a four-year

exploration in

ertical.  UK-

J Lucas, is 

nd Sub-basi

However, a

rgy has dril

ale wells ha

al Oil and G

UK shale re

Resource Asses

 

hale develop

s caused b

caused by

dissipated b

anted condit

Cuadrilla rec

elopment lic

, as well as 

as, etc.).  

ning permis

recognized s

r period from

n the UK but

-based Cua

the most a

in that confi

at least one

lled a shale

ave not yet 

as Ltd., Ce

esource pote

ssment 

pment 

y the 

 coal 

by the 

tional 

cently 

cense 

other 

Field 

ssion.  

shale 

m the 

t only 

adrilla 

ctive, 

irmed 

e well 

e well 

been 

ltique 

ential 



XI. United K

 
  
June, 2013 
 
 
 

GEOLO

A

main stra

of Carbo

Geologic

presente

fields an

reservoir

outcrops 

B

conducte

estimate 

DECC, p

in 2013, 

T

conventio

resource

shale exp

 N
b
c
B
B
G
a

 S
e
p
la

 

Kingdom 

OGIC OVER

As early as t

atigraphic ta

oniferous and

cal Survey (

ed an integra

nd source ro

r.4  In 2010 B

and conven

BGS publish

ed on behalf

was 5.3 Tc

plans to relea

followed eve

The main on

onal or sha

e assessmen

ploration reg

North UK Ca
basins and t
contain pros
Bowland Sh
Bowland, C
Gainsboroug
area to unde

South UK Ju
extend offsho
prone.  Whi
argest onsho

RVIEW 

the late 198

rgets for sha

d Jurassic a

BGS) and p

ated review

ock shales, 

BGS publish

ntional petro

ed its preli

f of the Dep

cf (150 Bcm)

ase an upda

entually by a

nshore sedim

ale exploratio

nt groups th

gions: 

arboniferou
troughs is pr
spective org
ale.  Within
leveland, C

gh, Midland 
ergo shale ex

urassic Sha
ore into the 
ile no shale
ore oil field a

 

X

80s research

ale gas explo

age.2,3  More

published by

w of the geo

although it 

hed a compi

leum wells.5

minary eval

partment of 

) of recovera

ated evaluati

a more comp

mentary bas

on potential

hese numer

us Shale Re
resent acros
ganic-rich sh
n the greate
Cheshire, W

Valley, as w
xploration dr

ale Region.
English Cha

e drilling ha
and appears

EIA/ARI W

I-5 

hers at Impe

oration in the

e recently in

y the UK D

ology of Brit

was not as

ilation of sha

5   

luation of U

Energy and 

able shale g

ion of shale 

plete nationa

sins in the 

l are shown

rous, typica

egion.  A co
ss northern 
hales of Ca
r Pennine B

West Lancas
well as othe
rilling to date

 In southern
annel.  They 
s occurred 

s highly pros

World Shale Gas

erial College

e UK, the m

n 2003, a stu

Department o

tain’s onsho

sked to con

ale-specific

UK shale ga

Climate Ch

gas resource

gas potentia

al estimate.7

UK that pr

n in Figure 

lly fault-bou

omplex asse
England and

arboniferous
Basin, indivi
shire, North
ers.  The Bo
e. 

n England th
contain Jur
here yet, t

spective for s

s and Shale Oil 

e, London h

arine-depos

udy conduct

of Trade an

ore conventi

nsider shale 

geologic da

as resource

hange (DEC

es.  BGS, in

al of northw

roduce oil a

XI-1.  The 

unded basin

emblage of is
d southern S
 age, includ
idual sub-ba

humberland, 
owland Sub-

he Wessex a
rassic-age sh
the region i
shale oil dev

Resource Asses

 

had identifie

sited black s

ted by the B

nd Industry 

onal oil and

as a produ

ata collected 

es later in 2

CC).6  BGS’

n association

est England

and gas or 

current EIA

ns into two 

solated struc
Scotland.  T
ding notably
asins include

East Midla
-basin is the

and Weald b
hales that ar
ncludes Bri

velopment. 

ssment 

d the 

hales 

British 

(DTI) 

d gas 

uctive 

 from 

2010, 

initial 

n with 

d later 

have 

A/ARI 

main 

ctural 
These 
y the 
e the 
ands, 

e only 

asins 
re oil-
tain’s 



XI. United K

 
  
June, 2013 
 
 
 

It 

structure

series of

Wessex 

Carbonife

significan

structura

the UK (

slow the 

 

Source: Brit
 

T

Mississip

organic-r

Cambria

study du

complexi

were exc

sufficient

shale for

Kingdom 

is importan

es, such as f

f small fault-

Basin in 

erous-Namu

ntly faulted, 

l complexity

(particularly 

pace of sha

Figure  XI-2 
H

tish Geological S

The main str

ppian (Lower

rich, marine-

n and the U

ue to their 

ity.  In parti

cluded beca

tly brittle.  H

rmations to b

nt to note th

found in ma

-bounded su

the south 

urian and Ju

to an exte

y, coupled w

in the troug

ale exploratio

 : Regional Cr
ighlighting Ca

Survey, 2012 

ratigraphic t

r Namurian)

-deposited s

. Jurassic O

low therma

icular, organ

ause these 

However, fu

be prospectiv

X

hat the UK 

ny North Am

ub-basins.  F

to the Bo

rassic shale

nt generally

with the relat

ghs), makes

on, de-risking

oss-Section fr
arboniferous-N

targets for s

8 and the Lo

shales, Figur

Oxford and K

al maturity, 

nic-rich shal

non-marine 

urther data c

ve in places

EIA/ARI W

I-6 

shale basin

merica shale

Figure XI-2 s

owland Sub

e targets.  Ev

y not display

ively small d

s resource a

g, and comm

rom Wessex B
Namurian and

 

shale explor

ower Jurass

re XI-3.  Oth

Kimmeridge C

lower orga

les found w

shales are 

collection an

. 

World Shale Gas

ns generally

e regions, bu

shows a reg

b-basin in 

ven the inter

yed on sche

data base o

assessment 

mercial deve

Basin Through
d Jurassic Sha

ration in the

ic Lias forma

her potential

Clays, but th

anic content

within the Ca

coaly, high

nd mapping

s and Shale Oil 

y are not si

ut rather typ

gional cross-

the north, 

rior of the su

ematic cros

f onshore pe

more difficu

elopment in t

h Bowland Su
ale Targets 

e UK are th

ations, both 

l shale targe

hese were e

t, and/or ex

arboniferous

h in clay, an

g may revea

Resource Asses

 

imple contin

ically compr

-section from

highlighting

ub-basins ma

ss-sections. 

etroleum we

ult.  It also 

the UK. 

ub-basin 

he Carbonife

of which co

ets include th

excluded from

xtreme struc

s Coal Meas

nd unlikely t

al these or 

ssment 

nuous 

rise a 

m the 

g the 

ay be 

 The 

ells in 

could 

erous 

ontain 

he U. 

m our 

ctural 

sures 

to be 

other 



XI. United K

 
  
June, 2013 
 
 
 

Fig

 

T

North Am

and degr

has not 

assessed

 

Kingdom 

gure XI-3: Stra
The Low

The BGS has

merican geo

ree of struct

been succe

d in the EIA/

atigraphic Col
wer Jurassic L

Source:  Smit

s cited the M

logic analog

ural complex

essful to da

/ARI study d

 

X

lumn Showing
Lias And Carb

th et al., 2010 

Middle Cam

g for Cambri

xity.  Howev

ate.  The C

ue to their s

EIA/ARI W

I-7 

g UK Formatio
boniferous Sha

 

mbrian Conas

an shale de

ver, shale ga

Cambrian-ag

structural com

World Shale Gas

ons That Cont
ales Appear M

sauga Shale

eposits in the

as developm

ge shale de

mplexity and

s and Shale Oil 

tain Organic-R
Most Prospect

 

e in Alabam

e UK, given

ment in the C

eposits in th

d lack of geo

Resource Asses

 

Rich Shales. 
tive. 

ma as the clo

 their simila

Conasauga S

he UK were

ologic data.

ssment 

osest 

r age 

Shale 

e not 



XI. United K

 
  
June, 2013 
 
 
 

SEISMIC

T

fracturing

However

North Am

suspecte

In

Preese H

fracture 

downhole

continued

relatively

was repo

months t

A

and the f

fault plan

seismic, 

running 

several h

T

data, wa

Bowland 

American

unclear w

C

the hydra

fault to s

caused t

earthqua

considere

Kingdom 

C HAZARD

The UK shale

g operation o

r, it is notew

merica durin

ed seismic ev

n August 20

Hall-1 vertica

stimulated d

e injection z

d for severa

y small, mea

orted.  How

o determine

An evaluation

fault geomet

ne.  The su

Figure XI-4

casing in th

hundred feet

The maximu

as determine

Shale -- ab

n shale play

whether the 

Cuadrilla’s co

aulic stimula

slip and gen

the well’s ca

ake in the B

ed too small

DS 

e industry e

of a shale w

orthy that no

g the past d

vents are un

10 Cuadrilla

al well in the

during early 

zone.  The t

al hours afte

suring magn

wever, the U

e the cause o

n of seismic

try of the ba

spected fau

4.9  Separat

he well -- in

t of the 5.5-in

m horizonta

ed to be re

out 4,000 ps

ys, which typ

high stress d

onsultants c

ation overca

nerate small 

asing string 

owland Sub

l to cause si

X

experienced 

well unexpec

one of the a

decade have

nder review. 

a drilled the 

e Bowland S

2011, induc

timing of the

er injection c

nitudes of 2.

UK governm

of the seism

ity from thes

asin indicated

ult was locat

tely, beddin

nduced well

nch casing.

al stress gra

elatively high

si -- was fou

pically have 

differential is

oncluded th

ame the roc

earthquake

to deform. 

b-basin was 

gnificant dam

EIA/ARI W

I-8 

a serious s

ctedly genera

approximatel

e generated 

  

UK’s first s

Sub-basin ne

cing severa

e earthquake

ceased.  Fo

3 and 1.5 on

ent shut do

ic events an

se earthquak

d that move

ted on the w

g plane slip

bore damag

adient, base

h at 1.25 p

und to be an 

stress differ

s local or wid

at excess fl

ck friction co

es.  Simultan

 Based on 

estimated t

mage to surf

World Shale Gas

etback in 20

ated a serie

y 50,000 ho

significant e

shale gas ex

ear Blackpoo

l dozen sma

es correspo

ortunately, th

n the Richte

own shale te

nd to develop

kes generat

ment was st

well’s image

p -- already

ge, with ova

ed on mini-

psi/ft.  The s

 order of ma

rentials of on

dely prevale

uid pressure

ontaining thi

neously, bed

fault size a

to be appro

rface structu

s and Shale Oil 

011, when t

es of very sm

orizontal sha

earthquakes

xploration w

ol, Lancashi

all earthqua

nded with fl

he largest e

er scale.  No

esting in th

p mitigation 

ted by the P

trike-slip alo

e log as we

y noted in c

al deformati

-frac and bo

stress differ

agnitude hig

nly several h

ent across th

e exerted on

s stress, wh

dding plane

and geometr

oximately ma

res in this re

Resource Asses

 

the first hyd

mall earthqua

ale wells drill

s, although a

well, spuddin

re.  The wel

akes close t

luid injection

arthquakes

o surface dam

e country fo

rules. 

Preese Hall-1

ong a sub-ve

ell as on det

core cut pri

on noted ac

orehole brea

rential within

her than in N

hundred psi.

he UK.   

n the fault d

hich enable

e slip up the

ry, the maxi

agnitude 3.0

egion.   

ssment 

raulic 

akes.  

led in 

a few 

g the 

l was 

o the 

n and 

were 

mage 

or 18 

1 well 

ertical 

tailed 

ior to 

cross 

akout 

n the 

North 

.  It is 

during 

d the 

e hole 

imum 

0, still 



XI. United K

 
  
June, 2013 
 
 
 

Source:  de 
 

T

induced f

the thick

report re

seismicit

A

May 201

conducte

health an

 G
g
to
s
a

Kingdom 

Figu

 Pater and Baisc

The consulta

fracture syst

k and imperm

commended

y.10  

As a result o

11 until Dec

ed a review 

nd safety du

Groundwate
roundwater 

o identify pos
hould be mo
quifers. 

ure XI-4: Seism
Near The 

ch, 2011 

ants also infe

tem and did 

meable Bow

d monitoring

of the earthq

cember 201

of the risks

ring shale de

er Monitorin
ahead of sh
ssible natura
onitored and

X

mic Reflection
 Preese Hall-1

erred that th

not leak into

wland Shale 

g during hyd

quakes the g

12.  The R

, recommen

evelopment:

ng.  The BGS
hale develop
al methane c
 remediated

EIA/ARI W

I-9 

n Line Showing
 Well In The B

 

he injected f

o the shallow

and overly

raulic fractu

government 

oyal Societ

nding the fol

:11 

S should con
ment, while 
concentratio

d to prevent f

World Shale Gas

g  Suspected 
Bowland Sub-b

frac fluid re

w freshwate

ing Permian

uring operati

halted shal

ty and Roya

llowing three

nduct region
operators co

ons in ground
fracture fluid

s and Shale Oil 

 Active Faults
basin 

mained con

er aquifer sys

n anhydrites

ons to help 

e operations

al Academy

e primary st

nal baseline 
onduct site-s
dwater.  Aba
ds from ente

Resource Asses

 

 

ntained withi

stem, becau

s.  A subseq

mitigate ind

s in the UK 

y of Engine

teps for ens

surveys of 
specific surv
andoned we
ering freshwa

ssment 

n the 

use of 

quent 

duced 

from 

eering 

suring 

veys 
lls 
ater 



XI. United K

 
  
June, 2013 
 
 
 

 W
m
fr

 M
st
s
st

A

shale de

potential 

individua

earthqua

should s

time to d

the new 

would be

 

1. N

1.1 In

N

isolated b

These sh

deposited

BGS, the

T

far, is on

Basin.  F

Southern

Northum

troughs c

single reg

T

Kingdom 

Well Integrity
multiple layer
reshwater aq

Mitigating Se
tresses, and
ite-specific s
timulation, w

After conside

evelopment 

seismic haz

al well site 

akes due to 

ignificant ea

drill shale we

shale rules

e delayed un

NORTH UK 

ntroduction

Northern Eng

basins and t

hale-prospec

d or has be

ese troughs c

The Bowland

ne such trou

Further to th

n North Se

berland, Eas

containing C

gion for sha

The western

y.  Well des
rs of steel an
quifers. 

eismicity.  T
d seismic haz
surveys.  Se
which should

ering these a

starting De

zards posed

area, and 

hydraulic fra

arthquake ris

ells in the U

.  Hydraulic

ntil 2014 at th

CARBONI

n and Geo

gland and so

troughs whic

ctive lows a

en eroded. 

cover a tota

d Sub-basin 

ugh, represe

he east the

ea gas ba

st Midlands,

Carboniferou

le resource 

 portion of 

XI

ign, construc
nd cement a

The BGS sh
zards ahead
ismicity sho

d be shut dow

and other vie

ecember 20

d by hydraul

propose m

acturing.  A 

sks arise.  T

K.  Cuadrilla

c stimulation

he soonest -

IFEROUS S

logic Setti

outhern Scot

ch contain th

are separate

 Based on 

l area of app

of Lancashi

enting the o

 Cleveland 

asin.  In 

, Pennine, G

us-age shale

assessment

the Bowlan

EIA/ARI W

-10 

ction, and in
re present to

ould survey 
d of shale de
uld be monit
wn if seismic

ews, DECC 

012.  The r

lic fracturing

mitigation ste

real-time trig

These rules a

a’s Anna’s R

 of this wel

-- would requ

SHALE RE

ng 

tland are cha

hick, organic

ed by structu

mapping of 

proximately 

re, where sh

onshore ma

Basin is co

between l

Gainsboroug

es.  Our stud

t. 

nd Sub-bas

World Shale Gas

ntegrity testin
o preclude le

the regiona
evelopment, 
tored before
c risks beco

put in place

regime requ

g, implement

eps to mini

gger is to be

are expecte

Road-1 well 

l -- which C

uire further s

EGION 

aracterized 

c-rich Carbo

ural highs w

Carbonifero

10,000 mi2.

hale drilling 

argin of the 

onsidered th

lay the Ch

gh, Midland V

dy grouped 

sin has bee

s and Shale Oil 

ng should en
eakage of flu

al distribution
while opera

e, during, an
me unaccep

e a new regu

uires opera

t seismic mo

imize the c

e installed to

d to add sig

is the first t

Cuadrilla rec

specific appr

by a comple

oniferous sha

where Carbo

ous basins c

has been c

petroliferou

he onshore 

heshire, W

Valley, and 

these isolat

en the site 

Resource Asses

 

nsure that 
uids into 

n of faults, 
ators conduc
d after hydra

ptable. 

ulatory regim

tors to eva

onitoring of 

chance of f

o cut off inje

gnificant cos

to be spud u

cently annou

rovals. 

ex assembla

ales, Figure

niferous wa

conducted b

concentrated

s East Irish

extension o

West Lancas

other basins

ted basins i

of all UK s

ssment 

ct 
aulic 

me for 

aluate 

each 

future 

ection 

st and 

under 

unced 

age of 

XI-1.  

as not 

by the 

d thus 

h Sea 

of the 

shire, 

s and 

nto a 

shale 



XI. United K

 
  
June, 2013 
 
 
 

exploratio

about 2.0

XI-6.  Cu

Bowland 

shale, Fig

as well a

organic-r

Note, ho

tends to 

T

control th

basins, F

gamma s

Bowland 

E

fields in 

overall a

organic-r

mudston

T

The Crav

over 5 k

turbidite 

Namuria

of the Pe

Namuria

 

Kingdom 

on drilling to

0 to 2.5 km 

uadrilla’s Pr

Shale at a 

gure XI-7.  T

as its organ

rich shale ra

owever, that 

be thinner th

The eastern B

han the wes

Figure XI-9. 

shales range

and Holywe

Elsewhere in

the souther

verage TOC

rich portion. 

es in the UK

The Pennine 

ven Group (

km thick in 

and hemip

n shale units

ennine Basi

n marine sha

o date.  The

deep acros

reese Hall-1

measured d

The BGS ha

ic-rich (high

anges up to 

petroleum w

han in the tro

Bowland Sh

st.  Here the

 Dart Energ

es up to 110

ell shales wit

 the region,

rn East Irish

C of 2.1% (r

 Clay conte

K generally a

Basin has r

(Mississippia

the Widmer

elagic envir

s (local nam

n have high

ales genera

 

XI

 Carbonifero

ss the mode

1 well encou

depth of 6,8

s mapped th

h-gamma) se

120 m thick

wells are pr

oughs. 

ale play exte

e shale rang

gy reported 

0 m thick.  I

th TOC up to

 the Namur

h Sea as w

range 0.7% 

nt is uncerta

average arou

relatively goo

an) ranges f

rpool Gulf. 

ronments in

mes Bowland

h TOC and 

lly have rich

EIA/ARI W

-11 

ous Bowland

rately faulte

untered the 

854 ft and pe

he thickness

ection, acro

k but more ty

referentially 

ension in the

ges up to 3

that the mo

n the Chesh

o 5% occur a

ian Holywell

well as the F

to 5%) and 

ain, although

und 25% Al2

od geologic 

from about 1

These mud

 relatively n

d, Edale, Ho

are known 

 TOC in exc

World Shale Gas

d Shale is th

ed Bowland 

top of the 

enetrated a 

s of the Uppe

ss northern 

ypically is re

drilled on s

e Gainsboro

00 m thick 

ost organic-r

hire Basin th

at depths of

l Shale, sou

Formby oil f

 averages 3

h public data

2O3 (range 1

control from

1.5 km thick

dstones we

narrow, dee

olywell shale

to have sou

cess of 4%.

s and Shale Oil 

he main targ

Sub-basin, 

target Lowe

total 2,411 

er Bowland S

England, F

ecorded as 2

structural hig

ough Basin h

in the Dinan

rich portion 

he Carbonife

f 1 to 5 km, F

urce rock for

field, is repo

3.0% TOC in

a indicate th

2-38%), mo

m past petrol

k in the Cra

ere deposite

ep depocen

es, top part o

urced hydro

Resource Asses

 

get, ranging 

Figures XI-5

er Carbonife

ft of organic

Shale Forma

Figure XI-8. 

20 to 40 m 

ghs, where s

has less geo

ntian half-gr

defined by 

erous (Namu

Figure XI-10

r convention

orted to hav

n its lower, 

hat Carbonife

stly from cla

leum explora

ven sub-bas

d in distal s

nters.  The 

of Craven G

ocarbons.  T

ssment 

 from 

5 and 

erous 

c-rich 

ation, 

 The 

thick.  

shale 

ologic 

raben 

high-

urian) 

0. 

nal oil 

ve an 

more 

erous 

ay. 

ation.  

sin to 

slope 

early 

roup) 

These 



XI. United K

 
  
June, 2013 
 
 
 

Source: Sou

Figure
B

Source:  IGA
 

Kingdom 

Figure XI-5: 
Showi

urce:  IGAS Ene

e XI-6: Structu
Bowland Shale

Sug

AS Energy, 2012

 Structural Cr
ng Numerous

rgy, 2012 

ural Cross-Sec
e At 2 To 3 Km
ggest That Ma

2; modified from
 

XI

oss-Section in
s Faults Acros

ction In The B
m Depth.  Addi
any Additiona

m BGS Map 96_L

EIA/ARI W

-12 

 
n the Bowland

ss the Cuadrill
 

 

 
 

Bowland Sub-b
itional Faults P
l Faults Are P

 

Liverpool 

World Shale Gas

d Sub-basin R
la and IGas En

basin Region 
Penetrated By

Present But Un

s and Shale Oil 

Region, Northw
nergy License

Showing The 
y The Ince Ma
nrecognized. 

Resource Asses

 

west UK 
es. 

 Highly Faulte
rshes Well 

ssment 

ed 



X

 

 
 
J

 
 
 

 

XI. United Kingdom 

 
June, 2013 

Figure XI-7: Str
Pr

Source:  

atigraphic Column
reese Hall-1 well in

 de Pater and Baisch

n and Composite 
n the Bowland Su

h, 2011 

 

 Log for the Cuadr
b-Basin 

XI-13 

rilla Figu
Northe

Petroleu

Source:  S
 

EIA/ARI W

re XI-8: Thickness
ern England, as W
um Wells Tend to b

May be T

Smith et al., 2010 

World Shale Gas and

s of the Upper Bo
Well as the High-Ga

be Drilled on Stru
Thinner Than in th

d Shale Oil Resource

owland Shale Form
amma Thickness. 
uctural Highs Whe
he Troughs. 

e Assessment 

 

mation in 
  Note That 

ere the Shale 



XI. United K

 

 
  
June, 2013 
 
 
 

Figure X

Source: Dar
 

Figure XI-
(

Kingdom 

XI-9: Schemat

rt Energy, 2013 

-10: Geologic 
(Namurian) Bo

tic Cross-Sect
Additional F

 Map and Gen
owland and Ho

Sou

XI

tion Across Th
Faults Are Lik

neralized Struc
olywell Shales

urce:  DECC, 20

 EIA/ARI W

-14 

he Gainsboro
kely To Be Pre

 

 

ctural Cross-S
s with TOC Up

12 

World Shale Ga

ough Trough S
esent But Not S

Section of the 
p to 5% Occur

s and Shale Oil 

Showing Thick
Shown. 

 Cheshire Bas
r at Depths of 

 Resource Asses

 

k Bowland Sha

sin.  Carbonife
 1 to 5 km. 

ssment 

ale.  

erous 



XI. United K

 

 
  
June, 2013 
 
 
 

T

example

gamma s

3.63% TO

known to

present l

N

borehole

Paleozoi

considera

T

stretches

northwes

series o

evaluatin

igneous 

T

thick, Fig

depositio

comprisin

sandston

Oil shale

clastic re

 

Kingdom 

The North U

, the Norma

sections wit

OC with 1.2

o be within 

ocally but co

No porosity d

es drilled by 

c shales r

ably lower (p

The Midland 

s across so

st and the S

f small fau

ng shale ga

intrusion dur

The MVB con

gure XI-11.1

onal sequen

ng upward

ne.14  Lower 

e, buried dee

eservoirs of s

UK Carbonif

anby-1 and G

thin the Bow

6% Ro at a 

the dry gas

ould not be d

data are av

the BGS in 

retained hig

perhaps 3-5

Valley Basi

outhern Sco

Southern Up

ulted sub-ba

as resources

ring late Car

ntains a rela

3  Namurian

nce reflects

-coarsening

Carbonifero

eply in the M

similar age in

 

XI

ferous Shal

Grove-3 con

wland Shale

depth of 2,2

s window.  O

defined with 

ailable for N

the souther

gh porositie

%) at typica

in (MVB), a 

otland, is b

pland Fault 

asins, such 

s.  This str

rboniferous t

atively comp

n strata ran

s mixed m

g cycles o

ous (Dinanti

Midlothian-Le

n the adjace

 EIA/ARI W

-15 

e region is

nventional pe

, while the 

246 m.12  In 

Oil and wet 

the limited d

Namurian sh

rn Midlands

es (5-10%). 

l target shale

large east-

bounded by 

to the south

as the Kin

ructural com

to early Perm

lete sequenc

ge from 45

marine shelf 

of marine 

an) oil-shale

even Synclin

ent anticlines

World Shale Ga

s mainly in 

etroleum we

Scaftworth-

addition, mo

gas therma

data availab

hales in the

, relatively s

 However

e depth of 2

northeast tr

the Highla

heast.  The 

nkardine Ba

mplexity was

mian time.  

ce of Carbo

0 m to 1,40

f carbonate

limestone, 

e source roc

e generated

s. 

s and Shale Oil 

the dry ga

ells reported

B2 well mea

ost of the Cl

al maturity w

ble.   

e Pennine B

shallow (900

r, porosity 

2-4 km. 

rending grab

and Bounda

MVB comp

asin where 

s over-print

oniferous dep

00 m thick 

e and delta

mudstone

cks, such as

d waxy crude

 Resource Asses

 

as window. 

ly recorded 

asured 2.07

leveland Ba

windows ma

Basin.  Base

0 m deep) U

is likely to

ben complex

ary Fault to

prises a com

Dart Energ

ted by exte

posits up to 

at outcrop. 

aic success

, siltstone 

s the Mid-Lo

e oil that sou

ssment 

 For 

high-

7% to 

sin is 

ay be 

ed on 

Upper 

o be 

x that 

o the 

mplex 

gy is 

nsive 

6 km 

 The 

sions, 

and 

othian 

urced 



XI. United K

 

 
  
June, 2013 
 
 
 

 

1.2 R

T

is approx

only half

unfaulted

(and loca

region, w

much low

the dry g

Kingdom 

Figure XI-1
Sh

Source:  Under

Reservoir P

The total map

ximately 10,2

f of the total

d (4,635 mi2)

al equivalent

with 3.0% av

wer than the

as window (

11: Geologic M
hales Crop Ou

rhill et al., 2009 

Properties 

pped deep C

200 mi2.  Be

l area was a

).  The targe

ts) averages

verage TOC.

e 5-10% me

(Ro 1.3%), a

XI

Map of the Mid
ut at the Surfa

(Prospecti

Carboniferou

ecause of str

assumed to

et lower orga

s about 300 

  Porosity is

easured at s

lthough less

 EIA/ARI W

-16 

dland Valley B
ace but May Re

 

ive Area) 

us area in th

ructural com

be in the p

anic-rich por

ft thick and 

s estimated t

hallow <1 k

s mature poc

World Shale Ga

Basin.  Carbon
each Prospec

he North UK

mplexity and 

prospective 

rtion of the B

8,000 ft dee

to be about 

km depth.  T

ckets in the w

s and Shale Oil 

niferous (Nam
ctive Depth. 

K Carbonifero

poor depth c

depth windo

Bowland and

ep in the Bo

4% at targe

Thermal mat

wet gas wind

 Resource Asses

 

murian) 

ous Shale re

control was 

ow and rela

d Holywell s

owland Sub-

et depths of 3

turity is main

dow may ex

ssment 

egion 

poor, 

atively 

hales 

basin 

3 km, 

nly in 

xist. 



XI. United K

 

 
  
June, 2013 
 
 
 

1.3 R

R

Shale reg

1.  The 

significan

F

in-place 

core from

total sha

Cuadrilla

estimate 

organic-r

S

area with

eight con

shale ap

licenses 

D

32.46 Tc

as well 

recovery 

reported 

on a th

estimated

Broxburn

1.4 R

T

shale exp

totaling 1

(11 licens

Kingdom 

Resource A

Risked, tech

gion are est

play has a 

nt thickness 

or comparis

within its Bo

m two shale 

ale gas reso

a’s estimate 

is based on

rich section a

Separately, I

hin an avera

nventional p

praisal well 

to be about 

Dart Energy’s

cf of GIP in u

as 30.55 Tc

estimate w

that the com

ird-party co

d at 115 B

n Shale (Bes

Recent Act

The Bowland

ploration we

1185 km2; 4 

ses; 1041 km

Assessmen

nically reco

imated to be

favorable n

of organic-r

son, in Septe

owland Sub-

and three co

ource-in-plac

is that 10% 

n the entire 

as the prosp

GAS Energ

age 250-m th

petroleum w

last year, IG

9.2 Tcf. 

s third-party 

unspecified s

cf of shale 

was reported

mpany’s PED

onsultant re

cf in the C

st Estimates;

ivity 

d Sub-basin

ells drilled to

wells), IGA

m2). 

XI

nt 

verable sha

e 25 Tcf, out

net resource

ich shale. 

ember 2011

-basin licens

onventional 

ce concentr

or about 20 

shale sectio

pective interv

y’s indepen

hick organic

wells that pe

GAS estimat

consultant 

shale forma

gas GIP in

d.16  Finally

DL 133 licen

eport.  Rec

arboniferous

; net to Dart)

, the only a

o date.  The 

AS Resource

 EIA/ARI W

-17 

ale gas reso

t of a risked 

e concentrat

 Cuadrilla R

ses to be ap

petroleum w

ration at its 

Tcf may be

on, whereas 

val. 

ndent consu

c-rich interva

enetrated the

ted the shale

NSAI has es

tions in the 

n the Chesh

, in Scotlan

nse has an e

coverable p

s Black Me

).   

active shale 

main operat

es (14 licens

World Shale Ga

ources in th

 shale gas i

tion of abou

Resources e

pproximately

wells.15  The

Preese Ha

e recoverable

EIA/ARI co

ltant identifi

al, constrain

e Bowland 

e gas in-pla

stimated tha

Gainsborou

hire Basin (

nd’s Midland

estimated 2.5

rospective 

etal Shale a

drilling reg

tors are Cua

ses; 1363 km

s and Shale Oil 

he North U

n-place of 1

ut 117 Bcf/m

estimated th

y 200 Tcf, ba

e company h

all-1 well to 

e.  It appear

onsiders only

ed a 1,195-

ed by geoph

Shale.  Afte

ce (GIP) res

at Dart’s lice

gh Trough o

(gross, Best

d Valley Bas

5 Tcf of shal

shale gas 

and 255 Bcf

ion in the U

adrilla Reso

m2; 1 well), 

 Resource Asses

 

K Carbonife

26 Tcf, Tab

mi2, reflecting

e total shale

ased on logs

has estimate

be 539 Bc

rs that Cuad

y the lower, 

-km2 prospe

hysical logs 

er drilling its

sources with

enses have s

of East Midla

t Estimate).

sin, Dart En

le gas GIP b

resources 

f in the Lot

UK, has had

urces (4 lice

and Dart En

ssment 

erous 

le XI-

g the 

e gas 

s and 

ed the 

cf/mi2.  

rilla’s 

most 

ective 

from 

s first 

hin its 

some 

ands, 

  No 

nergy 

based 

were 

thian-

d five 

enses 

nergy 



XI. United K

 

 
  
June, 2013 
 
 
 

In

the Pree

of the ta

6,854 ft. 

Bowland 

A

stimulate

attempt t

the well 

with no g

In

Worston 

zones, o

separate

sand pro

typical st

10% of th

C

2010 the

depth int

well logg

C

abandon

in Janua

depth of 

IG

and gas 

portfolio 

Point of 

thickness

Kingdom 

n August 20

ese Hall-1 ve

arget Lower 

 The well 

is within the

After drilling 

ed the well in

to produce s

by the hydra

gas productio

n completing

Shale, and

out of 12 o

ed by bridge

oppant, was 

timulation of

he sand volu

Cuadrilla dril

e nearby Gra

terval of 1,2

ed shale fro

Cuadrilla’s m

ed at a dept

ry 2013 and

about 3100 

GAS Energy

fields, is ev

of UK coalb

Ayr acreag

s of more th

10 Cuadrilla

ertical well i

Carbonifero

penetrated 

e dry gas the

was compl

n early 2011

shale gas.  A

aulic fractur

on reported.

g the well, C

 Hodder Mu

originally pla

e plugs.  The

relatively lar

f a horizonta

ume). 

led and cor

ange Hill-1 v

00 m to 3,3

om depths of

most recent s

th of 2,000 f

d completed 

m. 

y Plc, 24.5%

valuating the

bed methan

ge has shal

an 800 ft.  I

XI

a drilled the 

n the Bowla

ous Bowland

a total 2,41

ermal maturi

eted on the

1.  This oper

As previous

e stimulation

 

Cuadrilla per

udstone at d

anned, were

e total stimu

rge for a vert

al shale well

red two othe

vertical well 

300 m, the t

f 2,450 m to 

shale well in

ft due to drill

in about fou

% owned by 

e shale gas 

ne licenses 

e extending

GAS Energy

 EIA/ARI W

-18 

first shale g

and Sub-bas

d Shale was

1 ft of orga

ity window.  

e Preese H

ration repres

ly discussed

n.  Operatio

rforated sha

depths rang

e individuall

ulation size,

tical shale w

in North Am

er vertical w

logged over

total depth o

3,100 m, the

n the Bowlan

ing problem

ur weeks, wi

Nexen and 

potential of 

in March 20

g over the e

y noted that

World Shale Ga

gas explorat

sin near Blac

s encounter

anic-rich sha

 

all-1, Cuadr

sented the U

d, small eart

ons at the w

le formation

ging from 7,

y stimulated

, over 50,00

well but still c

merica (abou

wells in the 

r 2 km of Ca

of the well.  

e total depth

nd Sub-bas

ms.  The well

ith the top B

the UK’s la

its blocks.  

011.  The c

entire block

a significan

s and Shale Oil 

ion well in t

ckpool, Lanc

red at a me

ale.  Natura

rilla comple

UK’s first an

thquakes we

well were hal

ns within the

670 to 8,94

d with a sa

00 bbl of wa

considerably

ut half the w

Bowland Ba

arboniferous 

In 2011 the

h of the well.

in, the Anna

l was expect

Bowland Sha

rgest onsho

IGAS had a

company rep

k with an ex

nt proportion

 Resource Asses

 

he UK, spud

cashire.  Th

easured dep

ally fractured

eted and fra

nd only conc

ere induced

lted in May 

e Bowland S

49 ft.  Five s

and/water s

ater and 400

y smaller tha

water volume

asin.  Durin

shale acros

e Becconsh

. 

a’s Road-1,

ted to be re-

ale predicted

ore operator 

acquired Ne

ported that 

xpected ave

 of its acrea

ssment 

dding 

e top 

pth of 

d, the 

acture 

certed 

near 

2011 

Shale, 

shale 

slurry, 

0 t of 

an the 

e and 

ng 2H 

ss the 

hall-1 

, was 

-spud 

d at a 

of oil 

xen’s 

at its 

erage 

age in 



XI. United K

 

 
  
June, 2013 
 
 
 

the north

the east 

In

Bowland 

deepene

5,200 ft. 

ranging f

window (

D

UK, inclu

the coun

operators

consultan

which ap

 

Region.  

km2.  NS

Estimate

horizonta

388 km2 

D

announc

Lothian S

M

Gas Ltd

Bristol, a

party con

includes 

However

 

Kingdom 

hwest Englan

within PEDL

n 2011-12 I

Sub-basin.

ed and enco

 The Bowla

from 1.2% t

(Ro 1.0-1.1%

Dart Energy

uding the we

try.  Dart’s 

s Composite

nt NSAI has

pproximately

No sh

Dart Energy

SAI has est

).  Houston

al well by 20

of shale-pro

Dart Energy,

ed firm plan

Shale interva

Much further 

. jointly cont

and Kent.  Pr

nsultant to 

806 km2 w

r, this region

nd—from El

L 193—is co

GAS drilled

  Originally

ountered the

and Shale, e

o 6.9% (ave

%).17 

, based in A

estern Penni

14 PEDL’s w

e and Green

s estimated 

30.5 Tcf is 

hale drilling 

y holds the l

timated that 

-based eCO

014 to farm 

ospective are

, the only 

ns for shale

al in this reg

to the south

trol 2100 km

rospective re

be 18.3 Tcf

within 7 PED

 was not ass

 

XI

lesmere Po

nsidered to 

 the Ince M

y intended a

e upper two-

estimated at

erage 2.7%)

Australia and

ine Basin, b

with shale p

npark Energ

these block

located in th

has occurr

argest land 

Dart’s bloc

ORP Interna

into one of 

ea in 9 licens

active shale

e drilling.  B

ion.   

h, Australia-b

m2 of shale g

ecoverable s

f out of a to

DLs in South

sessed by E

 EIA/ARI W

-19 

rt in the wes

have shale 

Marshes-1 w

as a shallow

-thirds of the

t 1,600-ft to

).  Thermal 

d Singapore,

ut has not y

potential, par

y, total abo

ks hold app

he western P

ed yet on t

position, a t

cks hold abo

ational, LLC 

Dart’s block

ses in this re

e operator 

G Group re

based Eden 

gas and coa

shale gas re

otal 49.8 Tc

h Wales wit

EIA/ARI beca

World Shale Ga

st in PEDL 1

potential. 

well to a to

w coalbed 

e Bowland 

otal thicknes

maturity ap

, holds a sig

yet drilled for

rt of its acqu

ut 3,700 km

roximately 6

Pennine Bas

the eastern 

total of 13 lic

out 47.6 Tc

has comm

ks.  Separat

egion. 

in the Midl

emains a joi

 Energy and

albed metha

esources we

cf of GIP (g

th potential 

ause of limite

s and Shale Oil 

190 to the T

otal depth o

methane te

Shale at de

ss, had gas 

peared to b

gnificant sha

r shale there

uisitions of c

m2 in gross a

65 Tcf of to

sin (gross, Be

side of the

censes cove

cf of shale G

itted to drill

tely, IGAS e

land Valley 

nt-venture p

d UK-based 

ne potential

re estimated

gross; Best 

in the Nam

ed publicly a

 Resource Asses

 

Trafford Cen

of 5,714 ft in

st, the well

epths of 4,2

shows and 

be in the we

ale position i

e or elsewhe

coalbed met

area.  Third-

tal shale GI

est Estimate

e Bowland S

ering about 1

GIP (gross, 

ing and cor

estimates it 

Basin, has

partner on D

Coastal Oi

 in South W

d by Eden’s 

Estimate).  

murian Meas

available dat

ssment 

tre in 

n the 

 was 

00 to 

TOC 

et gas 

in the 

ere in 

thane 

-party 

IP, of 

e). 

Shale 

1,235 

Best 

ring a 

holds 

s not 

Dart’s 

l and 

Wales, 

third-

This 

sures.  

ta. 



XI. United K

 

 
  
June, 2013 
 
 
 

2. S

2.1 In

T

oil-produ

and Trias

The Wes

onshore 

T

and intra

offshore 

Sussex, 

boundary

depositio

sandston

Cretaceo

F

Jurassic 

Wessex 

assessed

T

other UK

plays.  W

separate

grabens 

  

sediment

depths o

spaced a

strata dip

 

Kingdom 

SOUTH UK 

ntroduction

The Wessex 

cing area.  

ssic clastic 

ssex Basin h

field, wherea

The Wessex 

a-basinal hig

areas.  The 

Surrey, and

y is indistin

on.  They 

nes, and lim

ous Wealden

or the purpo

oil-prone sh

Basin may 

d.18 

The structura

K shale regi

While not inte

ed by norma

(Pewsey, M

Figure XI-12

tary rocks is

f about 7,00

about 5 to 1

p quite gently

JURASSIC

n and Geo

and Weald 

Both basins

and carbon

hosts the 50

as the Weal

Basin comp

ghs, located

Weald Bas

d Kent.  The

nct and the

contain rep

estones wh

n Group.   

ose of this 

hale resourc

exist further

al geology of

ons, althoug

ensively def

al faults.  F

ere-Portsdo

2 shows th

s present in

00 ft or more

0 km apart, 

y, only a few

 

XI

C SHALE R

logic Setti

basins regio

s produce oi

ate reservoi

00 million bb

d Basin has

prises a serie

 mainly in H

in is a bette

e basins are

e two basin

peating cyc

ich are over

study, the W

ce region.  

r to the wes

f the Wesse

gh still more

formed, thes

For example

own, Dorset a

at roughly 

n the Weald

e along the b

and seemin

w degrees. 

 EIA/ARI W

-20 

REGION 

ng 

on of southe

il and some

irs which we

bl Wytch Fa

s several mu

es of post-Va

Hampshire a

r defined an

e separated 

s were inte

les of Jura

rlain by larg

Wessex and

Additional J

st (e.g., Bris

x and Weald

e complex a

se basins co

e, the Wess

and Channe

10,000-ft th

d Basin.  Lo

basin axis.  I

ngly allow a

World Shale Ga

rn England 

e natural gas

ere sourced

arm oil field,

ch smaller o

ariscan exte

and Dorset 

nd structurall

by the Ham

ermittently c

assic shallo

gely non-ma

d Weald bas

Jurassic sha

stol Channe

d basins is s

and faulted 

omprise a se

sex Basin c

el). 

ick of Lowe

ower Jurass

nterior faults

mple room 

s and Shale Oil 

is the UK’s p

s from conv

d by Jurassi

, by far the 

oil fields. 

ensional sed

and extend

ly simpler sy

mpshire-Diep

connected d

ow-water m

rine sedime

sins are con

ale areas w

l Basin), bu

somewhat s

than North

eries of indiv

comprises fo

er Carbonife

sic organic-r

s appear to 

for shale de

 Resource Asses

 

principal ons

entional Jur

c marine sh

country’s la

dimentary tro

ing into adja

yncline locat

ppe High, bu

during Mes

arine mudr

ents of the L

nsidered a s

with affinity to

t these wer

simpler than

 American s

vidual sub-b

our smaller 

erous to Te

ich shales r

be relatively

evelopment. 

ssment 

shore 

rassic 

hales.  

argest 

oughs 

acent 

ted in 

ut the 

ozoic 

rocks, 

Lower 

single 

o the 

re not 

most 

shale 

asins 

half-

ertiary 

reach 

y few, 

 The 



XI. United K

 

 
  
June, 2013 
 
 
 

Source:  DT
 

H

detailed 

wells, sh

offshore 

located in

T

carbonat

this regio

settings 

of northe

Kingdom 

Figure 
Weal

TI, 2003 

However, clo

cross-sectio

ows a serie

setting sout

n a separate

The Jurassic 

tes with subo

on are seve

(immature e

ern England 

 XI-12: Geolog
ld Basin.  Low

se-spaced d

on of the so

es of closely 

th of Wytch 

e fault block.

section com

ordinate san

eral Jurassic

elsewhere), 

and Scotlan

XI

gic Map and G
wer Jurassic S

drilling often 

outhern port

spaced fau

oil field ran

  Further dri

mprises an a

ndstones.  T

c-age shale

in contrast w

nd. 

 EIA/ARI W

-21 

Generalized St
Shales Occur a

reveals the 

tion of the W

lts, Figure X

nges from 4,

lling is likely

alternating s

The main sou

e formations

with the mos

World Shale Ga

tructural Cros
at a Depth of a

 presence o

Wessex Ba

XI-13.  The d

,000 to 5,00

y to discover

sequence of 

urce rocks a

, which are

stly dry-gas 

s and Shale Oil 

ss-Section of t
about 7,000 ft

of additional 

asin, constra

depth to the

00 ft.  Note 

r additional f

organic-rich

and potentia

e mainly oil-

prone Carb

 Resource Asses

 

the 
. 

faults.  Inde

ained by mu

e Lias (JB) in

how each w

faults. 

h mudstones

al shale targe

-prone in de

boniferous s

ssment 

eed, a 

ultiple 

n this 

well is 

s and 

ets in 

eeper 

hales 



XI. United K

 

 
  
June, 2013 
 
 
 

Figure XI
South o

Well i

Source:  Un
 

T

plant), a

depende

increases

rank for s

T

as the m

limestone

isotopic c

of the Lo

sapropel

considera

T

recorded

was note

the Lias 

marginal

Kingdom 

-13: Structura
of Wytch Oil Fi

s Located in a

nderhill and Pate

The Lias, Kim

nd II/III (mi

ent upon the

s towards th

shale oil exp

The Lower Li

main shale 

es.  Lower 

character of 

ower Liassic

ic oil-prone 

able, the eas

The Arreton 

d oil-prone th

ed at Pensh

is within the

ly gas-prone

al Cross-Secti
ield, Showing 
a Separate Fa

erson, 1998 

mmeridge, an

xed or deg

e complex s

he centers o

ploration. 

as Clays (L

target, con

Lias shales

conventiona

c, indicating

kerogen de

stern Weald

2 well, a k

hermal matu

urst in the c

e oil window 

e in the Pew

XI

on of a 9-Mile
 Depth to the  
ult Block and 

nd Oxford cl

raded) kero

tructural evo

of the Wess

. Jurassic), t

nsists of int

s contain 0.

al oils in the 

 close sour

erived from

d Basin appe

key data po

urity of 0.8%

central Wea

across muc

wsey Sub-Ba

 EIA/ARI W

-22 

 Long Portion
 Lias (JB) Ran
 Further Drillin

ays contain 

ogen source

olution of th

sex and We

the most im

terbedded s

5% to 2.1%

Weald Basi

ce rock gen

marine plan

ears to have 

oint located 

% to 0.9% R

ld Basin.  T

ch of the We

sin. 

World Shale Ga

n of the Wesse
nging from 4,0
ng is Likely to

Types II (al

es. Thermal 

he basins.  

eald basins,

portant sour

shales, mud

% TOC, rea

in (35-42° A

nesis.  Orga

nkton.19  Wh

lower TOC.

south of th

Ro in the Lias

Thermal mat

essex-Chann

s and Shale Oil 

ex Basin, Loca
000 to 5,000 ft
o Discover Ad

gal saprope

maturity is

In general, 

 where it re

rce rock in th

dstones, ma

ching as hi

API gravity) m

anic matter 

hile vertical 

. 

he Isle of W

s.  Similar o

turity modeli

nel Basin, pe

 Resource Asses

 

ated Offshore
t.  Note How E
ditional Faults

elic), III (terre

s highly var

thermal ma

eaches adeq

he region as

arls and m

gh as 7%. 

matches with

is predomin

TOC variati

Wight mono

oil-prone ma

ng indicates

erhaps beco

ssment 

e Just 
Each 
s. 

estrial 

iable, 

aturity 

quate 

s well 

micritic 

 The 

h that 

nantly 

ion is 

cline, 

aturity 

s that 

oming 



XI. United K

 

 
  
June, 2013 
 
 
 

S

20% TOC

shales (i

sandston

occasion

produced

Clay is c

northernm

organic-r

Kimmerid

P

Carbonife

mudston

30-40%. 

porosity, 

2.2 R

T

Organic-

in the P

reaches 

zone is e

is likely 

measure

33°C/km

A

the Wess

coccolith

Bakken S

 

Kingdom 

Secondary po

C) in the Up

ncluding oil 

nes and silt

nally even 20

d 1,000 ft3/d 

considered t

most axial p

rich, reachin

dge and Oxf

Porosity and

erous beca

es encounte

 However, 

perhaps 7%

Reservoir P

The Lias sha

rich thicknes

aris Basin,20

6,000 ft in t

estimated to

to be highe

d at shallow

. 

Although not 

sex and We

ic carbonate

Shale in Nor

otential exis

pper Jurassic

shales), ca

tstones.  Th

0%.  Britain’

from an uns

thermally im

part of the 

ng 10% TO

ford clays we

 permeabilit

ause they h

ered in shall

Jurassic sh

%. 

Properties 

ales averag

ss of the mo

0 is estimat

the Weald B

 average 3%

er than olde

w locations 

assessed, t

ald basins, i

es which ar

rth Dakota. 

 

XI

ts in the Ox

c.  The Upp

alcareous m

he TOC of 

’s first natur

stimulated K

mmature in t

Wessex-Ch

OC, but like

ere excluded

ty of the Ju

have not b

ow (<30 m) 

ales buried 

(Prospecti

e about 60

ost oil-satura

ted at appro

Basin, avera

% but could 

er Carbonife

near outcro

the Jurassic

is notable fo

re somewha

 EIA/ARI W

-23 

xford (up to 1

per Jurassic 

udstones, in

some thin 

ral gas well, 

Kimmeridge 

the Wessex

annel Basin

ewise is the

d from our e

urassic shal

een subjec

engineering

at depths o

ive Area) 

0 thick (gro

ated and brit

oximately 16

aging about 

be consider

erous shales

op.21  The c

c Kimmeridg

or containing

at similar to 

World Shale Ga

12% TOC) a

Kimmeridge

nterbedded 

black shale

 drilled in 18

Clay section

x-Weald reg

n.  The Upp

ermally imm

evaluation.  

les are like

ct to as m

g boreholes 

of 1-5 km ar

oss) in the 

ttle zones, b

65 ft, Figure

5,000 ft dee

rably higher

s, but lowe

current aver

ge Clay, ano

g thin limesto

the lithology

s and Shale Oil 

and Kimmer

e Clay consi

micritic lime

es frequentl

895 at Heat

n.  However

ion, apart p

per Jurassic

mature.  Co

ely to be hig

uch compa

have poros

re likely to h

Wessex an

based on an

e XI-14.  D

ep.  TOC of

.  Porosity, 

er than the 

rage geothe

other potenti

one stringers

y of the car

 Resource Asses

 

ridge clays (

ists of altern

estones, and

ly reaches 

thfield in Su

, the Kimme

possibly from

c Oxford Cl

onsequently

gher than in

action.  Jur

sities in the r

have much 

d Weald ba

alysis of the

Depth to the

f the prospe

estimated a

30-40% po

ermal gradie

al source ro

s.  These inc

rbonate-rich 

ssment 

(up to 

nating 

d thin 

10%, 

ssex, 

eridge 

m the 

lay is 

y, the 

n the 

rassic 

range 

lower 

asins.  

e Lias 

 Lias 

ective 

t 7%, 

rosity 

ent is 

ock in 

clude 

Mid-



XI. United K

 

 
  
June, 2013 
 
 
 

Source:  M. 
 

 

2.3 R

T

The pros

excluded

issues.  O

risked, te

0.6 Tcf o

C

ranges f

estimated

125 millio

 

Kingdom 

Fig

 Mullen, Realm E

Resource A

The Wessex 

spective area

d due to po

Out of a risk

echnically re

of associated

Celtique Ene

from 9,000 

d that the L

on barrels of

ure XI-14: Log
as a Proxy

Energy, 2011 

Assessmen

and Weald b

a was estim

otential fault

ked shale oi

ecoverable re

d shale gas, 

ergie has re

to 13,000 

Liassic could

f oil and 10 T

 

XI

g Suite Showi
y for the Wess

nt 

basins exten

ated to be h

ting, shallow

l in-place of

esources ar

Tables XI-1 

eported that

ft deep wit

d have mean

Tcf of shale 

 EIA/ARI W

-24 

 
ng the Jurass
ex-Weald Sha

 

nd over an o

half of total a

w depth, ero

f 17 Bbbl an

re estimated

and XI-2. 

t the Liassic

thin a 467-

n recoverab

gas.  

World Shale Ga

sic Lias In the 
ale Region in t

onshore area

area (1,740 m

osion of the

nd risked sha

 to be 0.7 b

c Shale at 

-km2 prospe

ble shale oil 

s and Shale Oil 

 Paris Basin, 
the UK 

a of approxim

mi2), with th

e Lias, and

ale gas in-pl

billion barrels

their Weald

ective area. 

and shale g

 Resource Asses

 

mately 3,500

e remaining

d surface ac

lace of 8 Tc

s of shale oi

d Basin lice

 The com

gas resourc

ssment 

0 mi2.  

 area 

ccess 

cf, the 

il and 

enses 

mpany 

ces of 



XI. United K

 

 
  
June, 2013 
 
 
 

2.4 R

P

Basin, Ea

licenses 

potential 

shale dri

REFERE

               
1 New Scien

2 Selley, R.C

3 Selley, R.C

4 UK Depart
British Ge

5 Smith, N.,
S.C., eds.
Geologica

6 UK Depart
Britain’s O

7 Stephenso

8 Waters, C
Successio

9 De Pater, 
for Cuadri

10 Green, C
Mitigation

11 The Roy
Fracturing

12 Dart Ener

13 Underhill
Petroleum

14 Waters, C

15 AJ Lucas 

16 Dart Ener

17 IGas Ene

18 Underhill,
Key Struc

Kingdom 

Recent Act

Privately held

ast Midlands

covering 1

in the Jura

lling has bee

ENCES 

                   

ntist “Fracking R

C., 1987.  “Britis

C., 2012.  “UK S

tment of Trade a
eological Survey,

 Turner, P., and
., Petroleum Geo
al Society of Lon

tment of Climate
Onshore Basins –

on, M., Geologic

C.N., Browne, M
ons of Great Brit

D.J. and Baisch
illa Resources, L

C.A. and Styles,
.”  Report for Cu

yal Society and 
g.”  June, 76 p. 

rgy, Corporate P

l, J.R., Monagh
m Prospectivity in

C.N., Browne, M

 Group Limited, 

rgy, Quarterly Re

rgy, Corporate P

, J.R. and Pater
ctures along the 

ivity 

d Celtique E

s, and the W

,000 sq km

assic Liassic

en reported. 

               

isk is Exaggerat

h Shale Gas Pot

Shale Gas – The 

and Industry, 200
, 93 p. 

d Williams, G.. 2
ology: From Mat
don, p. 1087-10

e Change (DECC
– Shale Gas.”  R

al Society, Lond

M.A.E., Dean, 
tain (Onshore).” 

, S., 2011.  “Geo
Ltd., November 2

 P., 2011.  “Pr
uadrilla Resource

Royal Academy

Presentation, Ma

han, A.A., and 
n the Midland Va

.A.E., Jones, N.S

News Release, 

eport, June 30, 2

Presentation, Jun

rson, S., 1998.  
Purbeck–Isle of 

XI

Energie hol

Weald Basin

m. The com

c shales, as 

ted.” 11 January

tential Scrutinize

 Story So Far.”  

03.  “The Hydroc

2010.  “UK Data
ture Basins to N

098. 

C), December 2
Report prepared 

don, Presentation

M.T., and Pow
British Geologic

omechanical Stu
2, 71 p. 

reese Hall Shale
es Ltd., April 201

y of Engineerin

rch 1, 2013. 

Browne, M.A.E
alley of Scotland

S., and Somervi

 September 22, 2

2012, 18 p. 

ne 2012, 22 p. 

“Genesis of Tec
 Wight Disturban

 EIA/ARI W

-25 

ds licenses 

.  In the We

mpany claim

well as con

y 2012. 

ed.”  Oil and Gas

Marine and Petr

carbon Prospect

a and Analysis fo
ew Frontiers.  P

2010; updated 20
 by the British G

n on Shale Gas,

ell, J.H., 2007. 
cal Survey, Rese

udy of Bowland S

e Gas Fracturin
12, 26 p. 

g, 2012.  “Shal

E., 2008.  “Con
.”  Marine and P

lle, I.D., 2012.  “

2011. 

ctonic Inversion 
nce.”  Journal of 

World Shale Ga

in three are

eald Basin, C

s to have 

nventional p

s Journal, June 

roleum Geology

tivity of Britain’s 

or Shale Gas Pr
Proceedings of th

012.  “The Unco
Geological Surve

, 60 minutes. 

  “Lithostratigra
earch Report RR

Shale Seismicity

ng Review & Re

le Gas Extractio

ntrols on Struct
Petroleum Geolo

“Midland Valley o

 Structures: Seis
 the Geological S

s and Shale Oil 

eas of the U

Celtique has

unconventio

potential in t

15, p. 62-64. 

, vol. 31, p. 100-

 Onshore Basins

rospectivity. In: 
he 7th Petroleum

onventional Hydr
y, 40 p. 

aphical Framew
R/07/01, 60 p. 

y: Synthesis Rep

ecommendation

on in the UK: a

tural Styles, Ba
ogy, vol. 25, p. 10

of Scotland.”  Ch

smic Evidence f
Society, London

 Resource Asses

 

UK: the Che

s a 50% sha

onal oil and

the Triassic

-109. 

s.”  Report prepa

Vining, B.A. Pic
m Geology Confe

rocarbon Resou

work for Carbon

port.”  Report pr

s for Induced S

a Review of Hy

asin Developme
000-1022. 

hapter 14, 10 p. 

for the Developm
n, vol. 155, p. 97

ssment 

eshire 

are in 

d gas 

.  No 

ared by 

ckering, 
erence, 

urces of 

niferous 

repared 

Seismic 

ydraulic 

ent and 

 

ment of 
5-992. 



XI. United K

 

 
  
June, 2013 
 
 
 

               
19 Stoneley,

Ussher So

20 Mullen, M

21 Smith et a

Kingdom 

                   
 R. 1992.  “Revi
ociety, vol. 8, p. 

M., Realm Energy

al., 2010. 

                   
ew of the Habita
1-6. 

y, 2011.  “Shale 

XI

                   
at of Petroleum i

 Oil – The Next B

 EIA/ARI W

-26 

                  
n the Wessex B

Big Play for Tigh

World Shale Ga

                   
Basin: Implication

ht Oil?”  January

s and Shale Oil 

                   
ns for Exploratio

y 30, 27 p. 

 Resource Asses

 

                   
n.”  Proceedings

ssment 

         
s of the 



XII. Spain 

 

 
  
June, 2013 
 
 
 

XII. S

 

SUMMA

T

rich Jura

Ebro (So

have loca

the 2% c

Sou
 

 

SPAIN 

ARY 

The Basque-

ssic-age sha

olsona) Basi

al potential f

cut-off used i

urce: ARI, 2013 

-Cantabrian 

ales with po

n, located to

for shale gas

n this study 

Figure  XII-

 

XI

Basin, locat

tential for we

o the south a

s and oil.  H

and thus wa

-1.  Selected S

 EIA/ARI W

II-1 

ted in northe

et gas and c

and east of 

owever, the

as not quant

Shale Gas and

World Shale Ga

ern Spain, c

condensate,

the Basque

e shale in the

titatively ass

d Oil Basins of

s and Shale Oil 

contains a s

 Figure XII-1

-Cantabrian

e Ebro Basin

sessed. 

f Spain  

 Resource Asses

 

series of org

1. In addition

 Basin, may

n has TOC b

ssment 

ganic-

n, the 

y also 

below 



XII. Spain 

 

 
  
June, 2013 
 
 
 

T

estimated

technical

contains 

as the ris

Table XI

Source: AR
 

INTROD

T

western 

and rese

matter w

T

and Plie

extension

Bakken S

oil and ga

R
e
se
rv
o
ir
 

P
ro
p
e
rt
ie
s R

A
T
C

R
es
o
u
rc
e

G

G

R

R

P
h
y
si
ca
l 
Ex
te
n
t P

T

D

B
as
ic
 D
a
ta

 

The Jurassic

d 42 Tcf o

lly recoverab

nearly 3 bil

sked, technic

II-1.  Shale Ga
Resour

I, 2013 

DUCTION 

The Jurassic

portion of th

ervoir proper

ith TOC valu

The shales in

ensbachian-a

n.  The sha

Shale of the 

as expulsed

Or
Ne
Int
Av

Reservoir Pressur

Average TOC (wt. 
Thermal Maturity 
Clay Content

Gas Phase

GIP Concentration

Risked GIP (Tcf)

Risked Recoverab

Prospective Area 

Thickness (ft)

Depth (ft)

Basin/Gro

Shale For
Geologic

Depositional E

c-age (Liass

of risked sh

ble shale ga

llion barrels 

cally recover

as Reservoir P
rces of Spain 

c-age rocks 

he basin, pr

rties of thes

ues (in imma

n the Lower

age) were 

ales are inte

Williston Ba

 from the ma

B

rganically Rich
et 
terval
verage

Sre

 %)
 (% Ro)

n (Bcf/mi2)

ble (Tcf)

 (mi2)

oss Area

rmation
c Age

Environment

XI

ic) marine s

hale gas res

as resource

of risked oi

rable shale o

Properties and

of the Basq

roviding acc

e shales.  A

ature sample

r Jurassic C

deposited 

erbedded wi

asin (USA), 

aturing shale

Basque-Cantabrian

(6,620 mi2)

Jurassic
L. - M. Jurassic

Marine

2,100

600
150

8,000 - 14,500
11,000

Slightly Overpress

3.0%
1.15%

Medium

Wet Gas

49.8

41.8

8.4

 EIA/ARI W

II-2 

shale in the

source in-p

, Table XII-

il/condensat

oil resource,

d Table

Source: A

que-Cantabr

cess to valua

Analysis of r

es) of up to 2

Comino and 

under deep

thin limesto

may provide

es.1,2    

n

.

R
e
se
rv
o
ir
 

P
ro
p
er
ti
es

R
e
so
u
rc
e

P
h
y
si
ca
l E
xt
en

t
B
a
si
c 
D
a
ta

World Shale Ga

e Basque-Ca

lace, with a

-1.  In addit

te in-place, w

, Table XII-2

e XII-2.  Shale 
Reso

RI, 2013

rian Basin c

able informa

rock sample

25%.1 

Castillo Pe

p marine c

ones and ma

e additional f

Reservoir Pres

Average TOC (
Thermal Matur
Clay Content

Oil Phase

OIP Concentra

Risked OIP (B 

Risked Recove

Prospective Ar

Thickness (ft)

Depth (ft)

Basin/G

Shale F
Geolo

Depositiona

s and Shale Oil 

antabrian Ba

about 8 Tc

ion, the Jur

with about 0

2. 

 Oil Reservoir
ources of Spa

crop out in 

ation on the

es indicates 

edroso forma

conditions fo

arls which, 

flow and sto

Organically Rich
Net 
Interval
Average

ssure

(wt. %)
rity (% Ro)

ation (MMbbl/mi2)

 bbl)

erable (B bbl)

rea (mi2)

Gross Area

Formation
ogic Age
al Environment

 Resource Asses

 

asin contain

cf as the ris

rassic Lias S

0.1 billion ba

r Properties an
ain 

the eastern

e geologic se

Type I/II org

ations (Toar

ollowing tec

much like i

orage capaci

Basque-Cantab

(6,620 mi2)

Jurassic
L. - M. Jurass

Marine

2,100
h 600

150
8,000 - 14,50

11,000

Slightly Overpre

3.0%
1.15%

Medium

Condensate

3.4

2.9

0.14

)

ssment 

ns an 

sked, 

Shale 

arrels 

nd 

n and 

etting 

ganic 

rcian- 

ctonic 

n the 

ity for 

brian

sic

00

ess.

e



XII. Spain 

 

 
  
June, 2013 
 
 
 

1. B

T

of Spain

Cantabria

that hold

Jurassic 

1.1 G

J

significan

Jurassic.

western 

Lias Sha

prospect

So

 

BASQUE-C

The Basque-

.  The basin

an Sea on th

 organic-rich

(Liassic) sha

Geologic Se

Jurassic Sh

nt, thick blac

.  We have m

portion of th

ale on the n

ive area, Fig

Figure 

ource: ARI, 2013

ANTABRIA

Cantabrian 

n is bounded

he north.  Th

h shales of S

ales appear 

etting 

hales.  The

ck shales of 

mapped a 2,

his geologica

north and s

gure XII-2.3 

  XII-2.  Prospe

3 

XI

AN BASIN

Basin cover

d by faults a

he Basque-C

Silurian-Ordo

to offer the 

e Basque-C

Jurassic-ag

100-mi2 high

ally complex

south and th

ective Area of

 EIA/ARI W

II-3 

rs a large 6

and thrusts o

Cantabrian B

ovician, Jura

most potent

Cantabrian B

e, including 

her quality p

x basin.  We

he 400-m g

f Jurassic Sha

World Shale Ga

,620-mi2 are

on the east

Basin contai

assic and Cr

tial. 

Basin conta

the Lias Sh

prospective a

e used inform

gross Jurass

ale, Basque-C

s and Shale Oil 

ea along the

, west and s

ins a sequen

retaceous ag

ains a seri

hale at the b

area for the 

mation on th

sic interval 

Cantabrian Bas

 Resource Asses

 

e northern b

south and b

nce of forma

ge.  Of these

es of regio

ase of the L

Lias Shale i

he erosion o

to establish

sin 

ssment 

order 

by the 

ations 

e, the 

onally 

Lower 

in the 

of the 

h our 



XII. Spain 

 

 
  
June, 2013 
 
 
 

A

Figure X

of Jurass

provides 

south-we

Sourc
 

 

A series of in

II-3 provides

sic black sh

the location

estern end o

Figure XII-3

ce: Quesada, S.,

nterbedded b

s two region

ales in the 

n of these tw

f cross-secti

3.  Cross-Sect

,  2005. 
 

XI

black shales

nal cross-sec

prospective 

wo cross-sec

ion B to B’.

tions Through

 EIA/ARI W

II-4 

s and carbo

ctions, A to 

area of the

ctions and id

h Prospective A

World Shale Ga

nates exists

A’ and B to 

e basin.  Fig

dentifies the 

Area of Basqu

s and Shale Oil 

s within the 

B’, identifyi

gure XII-2, s

key Cadials

ue-Cantabrian

 Resource Asses

 

Jurassic inte

ng the sequ

hown previo

so-1 well nea

n Basin 

ssment 

erval.  

uence 

ously, 

ar the 



XII. Spain 

 

 
  
June, 2013 
 
 
 

1.2 R

J

to 12,000

gross thi

thermal m

9,500 ft 

Jurassic 

F

values fo

area nea

 
 
 

 

Reservoir P

Jurassic (Lia

0 ft, provide

ckness of 2

maturity (Ro

with a gross

Shale has a

igures XII-4

or the Juras

ar the Polient

Figu

Properties 

assic) Shale

ed valuable 

280 ft with a

o) of 1.2%.  

s thickness 

a TOC of abo

 and XII-5 p

ssic (Pliensb

te-Tudanca 

ure XII-4.  TOC

 

XI

(Prospecti

es.  The Ca

information 

a net thickne

The well al

of 400 ft an

out 2% and 

provide addi

bachian) Lia

Trough.4,5,6

C Values in th

 EIA/ARI W

II-5 

ive Area) 

adialos-1 we

on the org

ess of 30 to

so intersect

nd a net thi

a thermal m

tional inform

as Shale in 

e Pliensbachi

World Shale Ga

ll (shown on

ganic-rich Lia

o 50 ft, TOC

ted a shallow

ckness of a

maturity (Ro) o

mation on th

the norther

ian Interval of 

s and Shale Oil 

n Cross-Sec

as Shale.  T

C values of 

wer Jurassic

about 100 ft

of 1.1%. 

e TOC and 

rn portion of

f the Jurassic 

 Resource Asses

 

ction B-B’), d

The shale h

2% to 4% a

c Shale at a

.  This shal

thermal ma

f the prospe

ssment 

drilled 

has a 

and a 

about 

lower 

aturity 

ective 



XII. Spain 

 

 
  
June, 2013 
 
 
 

 
 

1.3 R

T

prospect

Bcf/mi2 o

T

shale ga

we estim

shale gas

 

Figu

Resource A

The entire pa

ive area of 

of wet shale 

The risked re

s and 3 billi

mate risked, t

s and 0.1 bil

ure XII-5.  TOC

Assessmen

ackage of J

the Basque

gas and 3 m

esource in-p

ion barrels o

technically re

llion barrels 

XI

C Values in th

nt 

Jurassic sha

e-Cantabrian

million barrels

place within 

of shale con

ecoverable r

of shale con

 EIA/ARI W

II-6 

e Pliensbachi

ales, includin

n Basin has

s/mi2 of shal

the prospec

ndensate.  B

resources fr

ndensate. 

World Shale Ga

ian Interval of 

ng the Lias 

s a resource

le condensa

ctive area is

Based on mo

rom these Ju

s and Shale Oil 

f the Jurassic 

 

Shale, with

e concentra

ate. 

s estimated 

oderate rese

urassic shale

 Resource Asses

 

hin the 2,10

ation of abou

at 42 Tcf o

ervoir prope

es of 8 Tcf o

ssment 

0-mi2 

ut 50 

of wet 

erties, 

of wet 



XII. Spain 

 

 
  
June, 2013 
 
 
 

1.4 R

S

Basque-C

oil and g

basin.  In

Leon and

H

a USD $

activities 

 

 

Recent Act

Several com

Cantabrian B

as concessi

n addition, B

d hopes to s

HEYCO Ener

$138 million 

or results o

ivity 

panies hold

Basin.  For e

ons in Spain

BNK Petrole

pud an expl

rgy and Cam

exploration

f this explora

XI

 leases and

example, Sa

n) has two c

um has a 38

oration well 

mbria Europe

 program in

ation progra

 EIA/ARI W

II-7 

d are active

an Leon Ene

concession a

80,000-acre

in this area 

e, along with

n 2011.8  No

m.  

World Shale Ga

ely exploring

ergy (who ac

areas, totalin

e Jurassic Sh

during 1Q 2

h the Basqu

o further info

s and Shale Oil 

g the Jurass

cquired Real

ng over 210

hale conces

2013, pendin

ue Energy B

formation is 

 Resource Asses

 

sic Shales i

m Energy a

,000 acres i

ssion in Cas

ng approval.7

oard, annou

available o

ssment 

n the 

nd its 

in the 

tillo y 

7 

unced 

n the 



XII. Spain 

 

 
  
June, 2013 
 
 
 

2. O

O

interval, 

Spain in 

total of 2

Sueve F

Asturias 

N

recorded

Based o

Paleozoi

gas and 

C

Formatio

based on

program 

this initia

Valmase

averages

3. E

T

Basin in 

based on

identified

thermal m

However

the Ebro 

 

 

OTHER SHA

Ordovician a

a major sou

outcrops an

24 new sam

Formation w

and Leon du

Nineteen of 

d a TOC ab

on the result

c (Ordovicia

oil.  As such

Cretaceous 

on contains t

n a study of 

has been pr

al shale ga

da Formatio

s only about 

EBRO BAS

The Ebro (S

the northea

n 30 older pe

d a shale se

maturity rang

r, because t

Basin were 

ALES OF T

and Silurian

urce rock in 

nd borehole

mples of the

was gathered

uring May 20

the twenty-f

bove 2%.  In

ts of this g

an and Siluri

h, these shal

Shales.  

the Enara S

13 wells in t

roposed.10  H

as assessm

on and the 

1%.  As suc

IN 

olson) Basi

ast portion o

etroleum we

equence at 1

ging from 1%

he TOC of t

excluded fro

 

XI

THE BASQ

n Shales.  

the Middle 

s.  To furthe

e Lower Silu

d from twel

010. 9 

four sample

n addition, 

eochemical 

an) shales i

les were exc

The thick 

Shale, which

the Gran En

However, no

ment.  San 

Enara Shale

ch, these sh

n is located

of Spain.  Th

ells, twelve o

1,650 to 4,00

% to 2% Ro,

these shale

om further a

 EIA/ARI W

II-8 

QUE-CANTA

The presen

East and No

er assess th

urian Formig

ve different

es had TOC

the remainin

work, the i

n this part o

cluded from 

Cretaceous

h hold an es

nara field in 

o details in th

Leon Ener

e indicates t

ales were ex

d to the sou

he shale po

of which pene

00 m depth

, placing the

s averages 

assessment.4

World Shale Ga

ABRIAN BA

ce of the O

orth Africa, h

he resource 

goso Forma

t outcrop lo

C values les

ng kerogen 

investigators

of the basin 

further asse

s-age (Albia

stimated 185

northern Sp

he TOC or o

rgy’s separ

that the TO

xcluded from

uth and eas

tential in thi

etrated the P

, with a thic

ese shales in

only about 

4 

s and Shale Oil 

ASIN 

Ordovician an

has been w

 potential of

ation and M

ocations in t

ss than 1%

type was m

s concluded

have poor p

essment.9  

an-Cenoman

5 Bm3 (6.5 T

ain.  A shale

other propert

rate charact

OC, while up

m further ass

st of the Ba

is basin has

Paleozoic se

ckness of 50

n the wet to 

1%, the Pa

 Resource Asses

 

nd Silurian s

ell establish

f these shal

Middle Ordov

the province

 and no sa

mostly inert

d that the L

potential for s

nian) Valma

Tcf) of shale

e gas explor

ties accompa

terization o

p to 3.6% lo

sessment. 

asque-Canta

s been evalu

ection.  The 

0 to 100 m a

dry gas win

leozoic shal

ssment 

shale 

hed in 

les, a 

vician 

es of 

ample 

inite.9  

Lower 

shale 

aseda 

e gas 

ration 

anied 

f the 

ocally, 

abrian 

uated 

wells 

and a 

ndow.  

les in 



XII. Spain 

 

 
  
June, 2013 
 
 
 

A

These m

low-poro

less than

REFERE

               
1 Gibbons, W

2 Suárez-Ru
and Petro
387-393. 

3 Quesada,
Liassic Ba
London, v

4 San Leon 

5  Fraguasa
Crepidolit
vol. 77, Is

6 Quesada, 
of the Ay
Spain).”  

7 BNK Petro

8 Oil & Gas 

9 Maio, F., A
Asturias a
from post

10 Platts, 20
www.plat

 

A series of yo

mostly Middle

sity sandsto

n 1%, therefo

ENCES 

                   

W. and Moreno, 

uiz, I. and  Prad
oleum Potential.”
 

 S., Robles, S.
ackstepping Car
vol. 162. 

Energy, Investo

, A, and Erbab, 
thus (Pliensbach
ssues 3–4, Dece

 S., Robles, S. a
yoluengo Field 
Geogaceta, vol.

oleum Investors 

Journal,  2011.  

Aramburu, C. an
and Leon Provin
ter presentation 

011.  “Spanish B
ts.com accessed

ounger Eoce

e Eocene s

ones.  Again

ore these sh

               

 T.,  2002.  “The

do, J.G., 1995.  
” Composition, G

 and  Rosales,
rbonate Ramps 

r Presentation, 2

E., 2010.  “Biom
hian, Lower Jura
ember, p. 125–13

and Dorronsoro, 
on the Basis o
 20 (1), p. 176-1

presentation, 20

 “Thick Shale Ga

nd Underwood, 
nces, Northwest
at AAPG Interna

Basque Region R
d March 7, 2013

XI

ene-age rese

hales are de

n, however, 

hales were e

 Geology of Spa

“Characterizatio
Geochemistry an

 I., 2005.  “De
in the Basque–C

2012.  

metric Analyses a
assic) in the Ba
36. 

C. 1996.  “Char
of Gas Chromat
79, ISSN: 02136

011. 

as Play Emergin

J., 2011.  “Geo
t.” AAPG Search
ational Conferen

Reports 185 Bcm
3. 

 EIA/ARI W

II-9 

ervoir interva

eposited as

the TOC va

xcluded from

ain.” The Geolog

on of Jurassic Bl
nd Conversion o

positional Archit
Cantabrian Basin

as a Tool for the 
sque-Cantabrian

acterization of th
tography and C
683X. 

ng in Spain’s Can

chemistry of Ord
h and Discovery
nce and Exhibitio

m of Shale Gas 

World Shale Ga

als also cont

s thin layers

alues in the

m further ass

gical Society of L

lack Shales from
of Oil Shales, NA

tecture and Tra
n, Northern Spa

 Differentiation o
n Basin (Northe

he Liassic Sourc
Carbon Isotope 

ntabrian Basin”, 

dovician and Si
y Article #50529
on, Milan, Italy, O

 Finds in Alava.

s and Shale Oil 

tain thermal

of shale in

se Eocene 

sessment.4  

London, ISBN 1-

m Asturias (Nort
ATO ASI Series 

ansgressive–Reg
ain.”  Journal of t

of Two Coccolith
ern Spain).” Mar

ce Rock and Its 
Analyses (Basq

 May 12. 

lurian Black Sha
, posted Decem
October 23-26, 2

.” 17Oct2011/91

 Resource Asses

 

ly mature sh

terbedded w

shales aver

-86239-110-6. 

thern Spain): Ev
 Volume 455, 19

gressive Cycles
the Geological S

h Species of the 
rine Micropaleon

Correlation with 
que-Cantabrian 

ales, Cantabrian
mber 19, 2011, a
2011. 

9 am EDT/1319

ssment 

hales.  

within 

raged 

volution 
995, pp 

s within 
Society, 

 Genus 
ntology, 

 the Oil 
 Basin, 

n Zone, 
adapted 

9 GMT, 



XIII. Northern and Western Europe EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XIII-1  

XIII. NORTHERN AND WESTERN EUROPE  

SUMMARY 

Numerous shale gas basins and formations exist in Northern and Western Europe.  This 

Chapter discusses five of the more prominent of these shale basins and formations, namely: the 

Paris and South-East basins of France, the Lower Saxony Basin of Germany, the West 

Netherland Basin of the Netherlands, and the Alum Shales underlying Scandinavia, Figure XIII-

1.  Please see individual Chapters for United Kingdom (Chapter XI) and Spain (Chapter VII) for 

discussion of the other shale basins of Northern and Western Europe. 

Figure XIII-1.  Prospective Shale Basins of Northern and Western Europe 

 
Source: ARI, 2013. 
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We estimate risked shale gas in-place for the five Northern and Western European shale 

basins addressed by this study of 1,165 Tcf, with 221 Tcf as the risked, technically recoverable 

shale gas resource.   In addition, we estimate that these five shale basins contain 190 billion 

barrels of risked shale oil in-place, with 8.3 billion barrels as the risked, technically recoverable 

shale oil resource, Table XIII-1. 

Table XIII-1.  Shale Gas and Shale Oil Resources of Northern and Western Europe 

Technically Technically
In-Place Recoverable In-Place Recoverable

(Tcf) (Tcf) (B bbl) (B bbl)
1. Paris Basin (France)
   ·L. Jurassic Lias 23.8 1.9 38.0 1.52
   ·Permian-Carboniferous 666.1 127.3 79.5 3.18

Total 689.9 129.3 117.5 4.70

2. South-East Basin (France)
   ·L. Jurassic Lias 37.0 7.4 0.0 0.00

Total 37.0 7.4 0.0 0.00

3. Lower Saxony Basin (Germany)
   ·Toarcian Posidonia 77.7 16.9 10.6 0.53
   ·Wealden 1.8 0.1 3.2 0.13

Total 79.5 17.0 13.8 0.66

4. West Netherlands Basin (Netherlands)
   ·Namurian Epen 93.7 14.8 47.1 2.35
   ·Namurian Geverik 50.6 10.1 6.3 0.32
   ·Toarcian Posidonia 6.8 1.0 5.4 0.27

Total 151.1 25.9 58.8 2.94

5. Alum Shale
   ·Denmark 158.6 31.7 0.0 0.00
   ·Sweden 48.9 9.8 0.0 0.00

Total 207.5 41.5 0.0 0.00

Total 1,165.1 221.0 190.0 8.29

Risked Risked

Shale Gas Resources Shale Oil Resources

Basin/Formation
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1. PARIS BASIN 

1.1 Introduction 

The Paris Basin of France is a large 65,000-mi2 intra-cratonic basin that encompasses 

most of the northern half of the country, Figure XIII-2.   The basin is bounded on the east by the 

Vosges Mountains, on the south by the Central Massif, on the west by the Armorican Massif 

and, for the purposes of this study, by the English Channel on the north.  The Paris Basin is 

filled mostly with Mesozoic and Paleozoic rocks which reach 10,000 feet of thickness in the 

center of the basin but are exposed along its margins.   

Figure XIII-2.  Outline and Structure of Paris Basin 

 
Source:  ARI, 2013 
 



XIII. Northern and Western Europe EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XIII-4  

The Paris Basin and its two distinct shale gas and oil formations - - the Lias Shale and 

the Permian-Carboniferous Shale - - hold 690 Tcf of risked shale gas in-place, with 129 Tcf as 

the risked, technically recoverable shale gas resource, Table XIII-2.  In addition, the Paris Basin 

and its two shale formations hold 118 billion barrels of risked shale oil in-place, with 4.7 billion 

barrels as the risked, technically recoverable shale oil resource, Table XIII-3. 

Table XIII-2.  Shale Gas Reservoir Properties and Resources of the Paris Basin 

Lias Shale
L. Jurassic

Marine

5,670 11,960 17,940 17,940

Organically Rich 350 400 250 500
Net 105 160 83 100
Interval 4,000 - 10,000 6,000 - 8,000 9,000 - 11,000 12,000 - 16,400
Average 7,000 7,000 10,000 14,000

Normal Normal Normal Normal

4.5% 9.0% 9.0% 9.0%
0.85% 0.85% 1.15% 1.60%

Medium Medium Medium Medium

Assoc. Gas Assoc. Gas Wet Gas Dry Gas

8.4 12.8 46.2 61.3

23.8 48.9 265.1 352.0

1.9 3.9 53.0 70.4
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Risked Recoverable (Tcf)
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es Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

Permian-Carboniferous
Permian-Carboniferous

Lacustrine

Paris

(61,000 mi2)

 

Table XIII-3.  Shale Oil Reservoir Properties and Resources of the Paris Basin 

Lias Shale
L. Jurassic

Marine

5,670 11,960 17,940

Organically Rich 350 400 250
Net 105 160 83
Interval 4,000 - 10,000 6,000 - 8,000 9,000 - 11,000
Average 7,000 7,000 10,000

Normal Normal Normal

4.5% 9.0% 9.0%
0.85% 0.85% 1.15%

Medium Medium Medium

Oil Oil Condensate

13.4 20.4 0.2

38.0 78.3 1.2

1.52 3.13 0.05

R
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e Oil Phase

OIP Concentration (MMbbl/mi2)

Risked OIP (B bbl)

Risked Recoverable (B bbl)

R
e
se
rv
o
ir
 

P
ro
p
e
rt
ie
s Reservoir Pressure
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Lacustrine

Paris

(61,000 mi2)
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1.2 Geologic Setting 

The Paris Basin contains two shale plays addressed by this resource study - - the Lower 

Jurassic Lias Shale and the Permian-Carboniferous Shale, Figure XIII-31.  The Jurassic Lias 

Shale is composed of three distinct organic-rich black shales - - the Hettangian-Sinemurian 

(Lower Lias) Shale, the Pliensbachian (Middle Lias) Shale, and the younger Toarcian (“Schistes 

Carton”) Shale which is equivalent to the Posidonia Shale in Germany and the Netherlands.  

Together these three shales are as much as 650 feet thick in the central part of the Paris Basin.2  

For the purpose of this shale resource assessment, we have grouped these three shales into a 

single shale assessment interval called the Lias (Liassic) Shale. 

Figure XIII-4  provides an east to west cross-section for the Lias Shale across the Paris 

Basin.2  (The location of the cross-section is provided on Figure XIII-2).  Basin modeling of the 

Lias Shale, in a smaller 3,640-mi2 study area of the Paris Basin, indicated that this composite 

shale interval, primarily the Toarcian (“Schistes Carton”) Shale, has generated 81 billion barrels 

of hydrocarbons.3  Extrapolating the smaller basin modeling study area to the full Lias Shale 

prospective area in the Paris Basin of 5,670 mi2 and assuming that 30% of the generated 

hydrocarbon still remains in the source rock, we estimate that 38 billion barrels of hydrocarbons  

remain in the Lias Shale. 

The deeper Permian-Carboniferous unconventional gas play is located in the eastern 

and southern portions of the Paris Basin, particularly in the Lorraine Sub-basin.  This area 

contains a thick package of tight sands, shales and methane-charged coals.  This resource 

assessment will address the organic-rich shales of the Permian-Carboniferous interval, 

including the Lower Permian Autunian Unit, the Upper Carboniferous (Late Mississippian and 

Early Pennsylvanian) Namurian Unit, as well as the Upper Carboniferous (Middle and 

Pennsylvanian) inter-bedded bituminous shales in the Stephanian and Westphalian sections. 

Figure XIII-5 provides an east to west cross-section across the Paris Basin, identifying 

the Permian-Carboniferous Shale in the eastern portion of the basin.1  The shales have fluvial 

and lacustrine deposition raising concern with respect to higher clay content and less brittle 

reservoir rock.  The kerogen in the shales is a mixed Type II/III. 
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Figure XIII-3.  East Paris Basin Stratigraphic Column 

 

Source: Chungkham, 2009 
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Figure XIII-4.   East-West Cross-Section of Paris Basin Highlighting Lias (Liassic) Shales 

 
 

Figure XIII-5.   East-West Cross-Section of Paris Basin Highlighting Permian-Carboniferous Shales 

 
Source:  Chungkham, 2009 



XIII. Northern and Western Europe EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XIII-8  

We have concentrated our assessment on the Lower Permian Autunian and Upper 

Carboniferous Namurian shales.  The substantial presence of less brittle coals in the Upper 

Carboniferous Westphalian and Stephanian may hinder successful application of hydraulic 

stimulation in these shales.  In addition, the organic content (TOC) of the inter-bedded shales in 

the Westphalian and Stephanian is reported to range from 0.5 to 1.4%, below the minimum 

TOC criterion used in this study.4   

Based on information in the technical literature, we have used depth as a proxy for 

thermal maturity (Ro) for establishing the dry, wet gas/condensate and oil windows for this shale 

play.  The dry gas window is represented by burial depth between 3,350 m and 4,750 m; the 

wet gas/condensate window is represented by burial depth between 2,450 m and 3,350 m, and 

the oil window is represented by burial depth between 1,200 m and 2,450 m, Figure XIII-6. 5 

Figure XIII-6.   Relationship of Thermal Maturity and Burial Depth, Paris Basin 

Source:  Elixir, 2011 
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1.3 Reservoir Properties (Prospective Area) 

Lias Shale.  We have mapped a 5,670-mi2 oil prospective area for the Lias Shale based 

on the 435o C Tmax contour area for the higher organic content Toarcian (“Schistes Carton”) 

Shale.  The 435o C Tmax contour (oil window) for the deeper Hettangian-Sinemurian Shale 

underlies the 435oC Tmax contour of the Toarcian (“Schistes Carton”) Shale, Figure XIII-7. 

The depth of the Lias Shale ranges from 4,000 feet to 10,000 feet in the basin center, 

averaging 7,000 feet.  The gross thickness of the shale ranges from 300 to 400 feet, with 105 

feet of net organic-rich shale over the prospective area.  The thermal maturity of the shale in the 

prospective area (bounded by the 435o C Tmax contour) ranges from 0.7% to 1.0%, placing the 

Lias Shale in the oil window.1  The TOC of the shale, while highest in the Toarcian and lowest in 

the Sinemurian, averages 4.5%. 

The shales are assumed to be normally pressured, given the presence of vertical 

fractures (and higher vertical permeability).  The shale appears to be medium in clay content, 

lower in calcite (10% to 30%) and quartz (5% to 20%). 

Permian-Carboniferous Shale.  We have mapped a 17,940-mi2 prospective area for 

dry gas and wet gas/condensate for the Permian-Carboniferous Shale and a more limited 

11,960-mi2 prospective area for oil.  For this, we used the 200 m gross isopach on the north and 

west and the boundaries of the Paris Basin on the south and east, Figure XIII-8.1   

Approximately 50 wells provide control for this gross isopach.  We assumed that the shallower 

oil interval extended across two-thirds of the larger prospective area.   

Until recently, information on the Permian Carboniferous Shale was limited.  Fortunately, 

Elixir Petroleum has undertaken an exploration program on their Moselle Permit in the Paris 

Basin and has provided information on their program.  We have combined this data with 

information from the technical literature for the reservoir properties of the Permian-

Carboniferous Shales. 

The depth of the Permian Carboniferous Shale ranges from 6,000 feet to 16,400 feet, 

averaging 7,000 feet in the oil window, 10,000 feet in the wet gas/condensate window, and 

14,200 feet in the dry gas window.  A significant portion of the Upper Carboniferous Namurian 

section is at depths below 5,000 m and thus excluded from this resource assessment. 
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Figure XIII-7.  Prospective Area for Lower Jurassic Lias Shale, Paris Basin 

 
Source:  ARI, 2013 

 

Figure XIII-8.  Prospective Area for Permian-Carboniferous Shale, Paris Basin 

 
Source:  ARI, 2013 
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While the gross interval in the prospective area is quite thick, much of this interval 

contains lower TOC rocks.  We estimate an average organic-rich net shale pay for the Permian 

Carboniferous Shale of 83 to 160 feet, using low to moderate net to gross ratios.  The TOC of 

the shales ranges from 2% to 15%, averaging 9%.  The reservoir is normally pressured. 

1.4 Resource Assessment 

Lias Shale.  The Lias Shale of the Paris Basin contains a resource concentration of 13  

million barrels/mi2 of oil plus associated gas.  We estimate risked oil in-place for the Lias Shale 

of 38 billion barrels, with 1.9 billion barrels as the risked, technically recoverable shale oil 

resource.  In addition, we estimate risked associated shale gas in-place of 24 Tcf, with 2 Tcf as 

the risked, technically recoverable shale gas resource, Tables XIII-2 and XIII-3. 

Permian-Carboniferous Shale.  Given the limited data on the extent and distribution of 

the individual shale units within the prospective area, we view the resource assessment of  the 

Permian-Carboniferous Shale as preliminary.  The Permian-Carboniferous Shale of the Paris 

Basin contains resource concentrations of 61 Bcf/mi2 in the dry gas window, 46 Bcf/mi2 in the 

wet gas/condensate window, and 20 million barrels/mi2 in the oil window.   We estimate risked 

gas in-place for the Permian-Carboniferous Shale of 666 Tcf, with a risked, technically 

recoverable shale gas resource of 127 Tcf (including associated gas).  In addition, we estimate 

risked shale oil/condensate in-place of 80 billion barrels, with 3.2 billion barrels as the risked, 

technically recoverable shale oil resource, Tables XIII-2 and XIII-3. 

1.5 Recent Activity 

Most of the past exploration in the Paris Basin has targeted the Jurassic-age Lias Shale 

oil play.  However, some firms are beginning to acquire acreage in the eastern portions of the 

Paris Basin where the Permian-Carboniferous Shale formation is the target.  The 2,070 mi2 

Moselle Permit and its Permian-Carboniferous resource interval, first granted to East Paris 

Petroleum Development Corp, has been acquired by Elixir Petroleum.  While the terms of the 

lease do not require the company to drill any wells, Elixir has publically stated that it intends to 

investigate the unconventional gas potential (tight gas, CBM and shale gas) on its lease.5 
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2. SOUTH-EAST BASIN 

2.1 Introduction 

The South-East Basin is the thickest sedimentary basin in France, containing up to 10 

km of Mesozoic to Cenozoic sediments.  The basin is bounded on the east and south by the 

Alpine thrust belt and on the west by the Massif Central, an uplifted section of the Paleozoic 

basement, Figure XIII-9.  Local oil and gas seeps discovered in the 1940’s encouraged 

hydrocarbon exploration in the South-East Basin.  However, despite the drilling of 150 wells in 

the onshore and offshore portions of the basin, no significant oil and gas deposits have been 

found.  Recent re-evaluations of the basin’s potential have stimulated a further look at this 

complex basin and its shale formations.   

Figure XIII-9.   Outline of  South-East Basin of France 

Source: ARI, 2013 
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We estimate that the South-East Basin contains 37 Tcf of risked shale gas in-place, with 

7 Tcf as the risked, technically recoverable shale gas resource, Table XIII-4.  We have limited 

our shale resource assessment to the western portion of the basin and its deep dry gas 

potential area.  In addition, given considerable uncertainty as to the location of the higher TOC 

(>2%) portions of the basin, we have assumed that only 30% of the overall dry gas prospective 

area will meet the 2% TOC criterion used by the study. 

Table XIII-4.  Shale Gas Reservoir Properties and Resources for the South-East Basin 

South-East

(17,800 mi2)

Lias Shale
L. Jurassic

Marine

3,780

Organically Rich 525
Net 158
Interval 8,200 - 16,400
Average 12,300

Normal

2.0%
1.50%

Medium

Dry Gas

54.4

37.0

7.4
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2.2 Geologic Setting 

This study examined the shale gas potential of two formations in the South-East Basin, 

the Upper Jurassic “Terres Niores” black shale, and the Lower Jurassic Liassic black shale, 

Figure XIII-10.  These shales are composed of Type II marine organic matter and were 

deposited during a time of subsidence and rifting, when the “Liguro-Piemontais” ocean covered 

portions of what is now southern France6.  However, the Upper Jurassic “Terres Niores” black 

shale has low TOC, not exceeding 1%.6  As such, this shale was excluded from further 

assessment.  The Lower Jurassic Lias Shale, while thermally mature and present in much of the 

South-East Basin contains a wide spectrum of TOC values, ranging from 0.4% to 4.1%, Figure 

XIII-11.7  Because of the presence of some higher TOC values, we have included the Lias Shale 

in our resource assessment but have highly risked this shale play. 
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Figure XIII-10.  South-East Basin Stratigraphic Column 

 

Source:  Vially, R., 2010. 
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Figure XIII-11.   Generalized South-East Basin Cross Section 

. 

We have mapped an unrisked, 4,000-mi2 area prospective for shale gas in the eastern 

portion of the South-East Basin, Figure XIII-12.  The prospective area is bounded on the west 

by the dry gas maturity limit, on the south by the onshore portion of basin, and on the east by 

the available data on the TOC of the Lias Shale. 

2.3 Reservoir Properties (Prospective Area) 

Uplifting along the western margin of the South-East Basin has brought the Lias Shale to 

a more favorable depth for exploration.  Depth to the Lias Shale ranges from 3,300 feet to 

16,300 feet deep over the basin, with most of the shale in the prospective area at an average 

depth of 12,300 feet, Figure XIII-12.  The organic-rich gross interval of the shale is estimated at 

525 feet with 158 feet of net shale.   Total organic content (TOC) in the risked prospective area 

averages 2%.  Thermal maturity in the Lias Shale increases with depth, ranging from 1.3% Ro in 

the shallower western areas to over 1.7% Ro in the deeper central area.  Average vitrinite 

reflectance (Ro) over the prospective area is 1.5%. 
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Figure XIII-12.   Prospective Area for the Lias Shale, South-East Basin of France 

Source: ARI, 2013 
 

2.4 Resource Assessment 

We estimate a moderate resource concentration in the dry gas prospective area of the 

Lias Shale, South-East Basin of 54 Bcf/mi2.  The risked shale gas in-place is estimated at 37 

Tcf, with 7 Tcf as the risked, technically recoverable shale gas resource. 

2.5 Recent Activity 

A number of firms are beginning to examine the shale gas potential of the South-East 

Basin; the initial permit award deadline was delayed due to the large numbers of applications.  

The French Ministry of Energy and the Environment awarded several exploration permits, 

covering over 4,000 mi2, to companies interested in investing in the drilling and exploration of 

shale formations in the South-East Basin of France.   
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3. LOWER SAXONY BASIN: GERMANY 

3.1 Introduction 

The Lower Saxony Basin, covering an area of 10,000 mi2 and located in northwestern 

Germany, is filled with Jurassic- to Cretaceous-age marine and lacustrine rocks, Figure XIII-13. 

The basin contains two petroleum systems, the Jurassic and its Posidonia (Toarcian) Shale 

source rock and the Lower Cretaceous and its Wealden (Berriasian) Shale source rock.  The 

Posidonia Shale is present throughout the Lower Saxony Basin while the Wealden Shale exists 

primarily in its western portion of the basin.  

Figure XIII-13.  Outline Map for Lower Saxony Basin, Germany. 

Source:  ARI, 2013 
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For the Lower Saxony Basin of Germany, we estimate risked in-place shale gas of 80 

Tcf, with 17 Tcf as the risked, technically recoverable shale gas resource, Table XIII-5.  In 

addition, we estimate risked in-place shale oil of 14 billion barrels, with 0.7 billion barrels as the 

risked, technically recoverable shale oil resource, Table XIII-6. 

Table XIII-5.  Shale Gas Reservoir Properties and Resources of the Saxony Basin, Germany 

Wealden
L. Cretaceous

Lacustrine

1,590 770 1,390 720

Organically Rich 100 100 100 112
Net 90 90 90 75
Interval 6,000 - 10,000 10,000 - 13,000 13,000 - 16,400 3,300 - 10,000
Average 8,000 11,500 14,500 6,000

Mod. 
Overpress.

Mod. 
Overpress.

Mod. 
Overpress.

Slightly 
Overpress.

8.0% 8.0% 8.0% 4.5%
0.85% 1.15% 2.00% 0.85%

Low/Medium Low/Medium Low/Medium Medium

Assoc. Gas Wet Gas Dry Gas Assoc. Gas

10.8 44.0 56.5 5.5

10.3 20.3 47.1 1.8

1.0 4.1 11.8 0.1
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Table XIII-6.  Shale Oil Reservoir Properties and Resources of the Saxony Basin, Germany 

Wealden
L. Cretaceous

Lacustrine

1,590 770 720

Organically Rich 100 100 112
Net 90 90 75
Interval 6,000 - 10,000 10,000 - 13,000 3,300 - 10,000
Average 8,000 11,500 6,000

Mod. 
Overpress.

Mod. 
Overpress.

Slightly 
Overpress.

8.0% 8.0% 4.5%
0.85% 1.15% 0.85%

Low/Medium Low/Medium Medium

Oil Condensate Oil

12.7 4.2 9.9

9.1 1.5 3.2

0.46 0.07 0.13
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3.2 Geologic Setting 

The Lower Saxony Basin is a distinct sub-basin within the greater North Sea-German 

Basin.  The Lower Saxony Basin is a graben that subsided and filled during Late Jurassic and 

Early Cretaceous. The graben is bounded on the south by the Hanz Mountains, on the north by 

the Pompecky Block, on the west by the Central Netherland High and on the east by Hercynian 

Uplifts.  During the Late Cretaceous, the Lower Saxony Basin was subject to complex tectonics 

that transformed the basin’s normal boundary faults into reverse or overthrust faults.  These 

events facilitated volcanic intrusions causing intense metamorphism of the organics. 

The Lower Saxony Basin contains two organic-rich shale source rocks - - the restricted 

marine Lower Toarcian (Jurassic) Posidonia Shale that underlies most of the basin, and the 

Early Cretaceous (Berriasian) lacustrine-deltaic Wealden Shale that underlies the western part 

of the basin (west of the Weser River).   The generalized stratigraphic column for the Triassic to 

Tertiary interval in the Lower Saxony Basin is provided on Figure XIII-14.8 

We mapped a 3,750-mi2 prospective area for the Posidonia Shale in the Lower Saxony 

Basin, containing: (1) a 1,590-mi2 oil prospective area (Ro of 0.7% to 1%) along the north 

eastern border of the basin; (2) an adjoining 770-mi2 wet gas/condensate prospective area (Ro 

1% to 1.3%); and (3) a 1,390-mi2 dry gas prospective area (Ro >1.3%) in the deeper 

southwestern portion of the basin, Figure XIII-15.  We also mapped a smaller 720-mi2 oil 

prospective area for the shallower Wealden Shale in the Lower Saxony Basin, Figure XIII-16. 

In addition to the two shale formations addressed in this resource assessment, a series 

of other shale gas formations exist in Germany, particularly the Lower Carboniferous Visean 

and Westphalian coaly shales.  However, these shales, while thick, thermally mature for gas 

and buried at acceptable depths of 1,000 to 5,000 m, have TOC values of less than 2%.9  Thus, 

these shale formations have not been included in our resource assessment.  

In addition, organic-rich mudstones occur in the Upper Permian Stassfurth Carbonate 

Formation in the eastern part of the North Sea-German Basin in southern Brandenburg.  The 

Ca2 shale interval in this formation occurs at a depth of 3,800 to 4,000 m, has a thermal 

maturity of over 2% Ro, and contains a mixed Type II/III kerogen.  However the shale formation 

is thin (6m) and has a low TOC content of 0.2% to 0.8%.9  As such, this shale has also not been 

included in our resource assessment.  
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Figure XIII-14.   Generalized Stratigraphic Column for the Lower Saxony Basin. 

 
Source:  Kockel, 1994. 
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Figure XIII-15.  Prospective Area of the Posidonia Shale, Lower Saxony Basin, Germany. 

 
Source:  ARI, 2013. 

 

Figure XIII-16.  Prospective Area of the Wealden Shale, Lower Saxony Basin, Germany. 

 
Source:  ARI, 2013. 
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3.3 Reservoir Properties (Prospective Area) 

Jurassic (Toarcian) Posidonia Shale.  The depth to the Posidonia Shale ranges from 

3,300 feet to 16,400 feet, with an average depth in the oil prospective area of 8,000 feet, an 

average depth in the wet gas/condensate prospective area of 11,500 feet, and an average 

depth in the dry gas prospective area of 14,500 feet.  Figure XIII-17 provides a north to south 

cross-section through the center of the Lower Saxony Basin, illustrating the sequence of 

complex faults and the thrust features common to the Posidonia Shale.   (The location of the 

north to south cross-section, A to A’, is provided in Figure XIII-10.)  The shale interval in the 

prospective area is moderate in thickness, with an organic-rich gross thickness of 100 feet and 

a net shale thickness of 90 feet.  Organic matter in the Posidonia Shale is Type II marine 

kerogen with a TOC that averages 8%, Figure XIII-18.  The outer portion of the basin area is in 

the oil window, with the central, deeper areas of the Posidonia Shale in the wet gas/ condensate 

and dry gas windows, Figure XIII-15.    

Figure XIII-17.  Lower Saxony Basin North to South Cross Section, A to A’ 

Source: Kockel, 1994. 

Cretaceous (Berriasian) Wealden Shale.  The prospective area for the Wealden Shale 

is thermally mature for oil generation.  The prospective area was defined by the depositional 

and depth limits of the Wealden Shale within the Lower Saxony Basin.  In the prospective area, 

the depth of the Wealden Shale ranges from 3,300 feet to 10,000 feet, averaging 6,000 feet.  

The Wealden Shale has a gross organic-rich shale interval of 112 feet and 75 feet of net shale 

thickness8. The TOC in the Wealden Shale is highly variable, ranging from 1% to 14%, 

averaging 4.5% in the prospective area, Figure XIII-18.  Thermal maturity ranges from 0.7% to 

1.0% Ro, placing the Wealden Shale in the oil window.8  
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Figure XIII-18.   Total Organic Content, Posidonia and Wealden Shales, Lower Saxony Basin  

 

3.4 Resource Assessment 

Jurassic Posidonia Shale.   We calculate that the prospective area of the Posidonia 

Shale in the Lower Saxony Basin has resource concentrations of 56 Bcf/mi2 in the dry gas 

window, 44 Bcf/mi2 of wet gas and 4 million barrels/mi2 of condensate in the wet gas and 

condensate window, and 13 million barrels/mi2 of oil in the oil window.  Within the prospective 

area, the Posidonia Shale contains 78 Tcf of risked gas in-place, with 17 Tcf as the risked, 

technically recoverable shale gas resource (including associated gas), Table XIII-5.  In addition, 

the Posidonia Shale contains 11 billion barrels of risked shale oil in-place, with 0.5 billion barrels 

as the risked, technically recoverable shale oil resource, Table XIII-6. 

Cretaceous Wealden Shale.  The 720-mi2 prospective area of the Wealden Shale in the 

Lower Saxony Basin has an oil resource concentration of 10 million barrels/mi2.  The risked oil 

in-place is 3 billion barrels, with 0.1 billion barrels as the risked, technically recoverable shale oil 

resource, Table XIII-6.  The oil prospective area of the Wealden Shale also contains in-place 

and risked, technically recoverable associated shale gas of 2 Tcf and 0.1 Tcf respectively. 
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3.5 Recent Activity     

ExxonMobil has been the lead company active in  the Lower Saxony Basin of Germany.  

The company has drilled a series of test wells on its exploration leases, at least three of which 

are reported to be testing shale gas potential.   Starting in 2008, the company drilled the 

Damme 2/2A and Damme 3 test wells on its Munsterland concession and the Oppenwehe 1 

exploration well on its Minden concession.  In late 2010, the company spudded the 

Niederzwehren test well on its Schaumberg permit.  After drilling these test wells, ExxonMobil 

halted operations in the province following the passage of a moratorium on hydraulic fracturing. 

Realm Energy obtained a small, 25-square mile shale gas exploration permit in West 

Germany.  The company plans to explore the oil and gas potential in the Posidonia and 

Wealden shales underneath its acreage.  Realm’s concession is valid for three years and does 

not require well drilling, but does provide the company with data from the 21 wells drilled on its 

acreage in past years. 

BNK Petroleum has leased approximately 3,745 square miles for shale, CBM and tight 

gas sand exploration in West and Central Germany.  The company has yet to drill on any of its 

properties, but reports “targeting shale formations,” most likely the Posidonia and Wealden 

shales.  Most of its concessions are not near areas with previously defined shale gas potential, 

suggesting the company is pursuing a wildcatting approach in Germany.  To date, the company 

has not provided details of its drilling plans. 

After a lengthy period of study, the German government issued, in late February 2013, 

draft legislation what would allow the development of shale and the use of hydraulic stimulation 

(fracturing) under environmental safeguards. 
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4. WEST NETHERLAND BASIN: NETHERLANDS 

4.1 Introduction 

The West Netherland Basin (WNB) is located in the southwestern portion of the 

Netherlands, extending into the offshore, Figure XIII-19.  The basin is bounded in the south by 

the London-Brabant Massif and on the north by the Zandvoort Ridge.  In the south-east, the 

WNB merges with the Ruhr Valley Graben.  The West Netherlands Basin is part of a series of 

Late Jurassic to Early Cretaceous trans-tensional basins of Western Europe. 

Figure XIII-19.  Outline and Depth Map for  West Netherland Basin, Netherlands  

Source:  ARI, 2013 
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For the West Netherland Basin, we estimate risked in-place shale gas of 151 Tcf, with 

26 Tcf as the risked, technically recoverable shale gas resource, Table XIII-7.  In addition, we 

estimate risked in-place shale oil of 59 billion barrels, with 2.9 billion barrels as the risked, 

technically recoverable shale oil resource, Table XIII-8. 

Table XIII-7.  Shale Gas Reservoir Properties and Resources of West Netherland Basin, Netherlands 

Geverik Member
U. Carboniferous

Marine

1,460 860 2,320 850 170

Organically Rich 1,500 1,500 225 100 100
Net 450 450 135 90 90
Interval 3,300 - 10,000 10,000 - 15,500 5,000 - 16,400 3,300 - 9,000 9,000 - 12,500
Average 8,500 12,500 11,000 6,500 10,500

Mod. Overpress. Mod. Overpress. Mod. Overpress. Mod. Overpress. Mod. Overpress.

2.4% 2.4% 4.0% 6.0% 6.0%
0.85% 1.15% 1.15% 0.85% 1.15%

Medium Medium Low/Medium Low/Medium Low/Medium

Assoc. Gas Wet Gas Wet Gas Assoc. Gas Wet Gas

60.6 139.2 48.5 10.2 38.5

39.8 53.9 50.6 3.9 2.9

4.0 10.8 10.1 0.4 0.6
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Marine
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Table XIII-8.  Shale Oil Reservoir Properties and Resources of West Netherland Basin, Netherlands 

Geverik Member
U. Carboniferous

Marine

1,460 860 2,320 850 170

Organically Rich 1,500 1,500 225 100 100
Net 450 450 135 90 90
Interval 3,300 - 10,000 10,000 - 15,500 5,000 - 16,400 3,300 - 9,000 9,000 - 12,500
Average 8,500 12,500 11,000 6,500 10,500

Mod. Overpress. Mod. Overpress. Mod. Overpress. Mod. Overpress. Mod. Overpress.

2.4% 2.4% 4.0% 6.0% 6.0%
0.85% 1.15% 1.15% 0.85% 1.15%

Medium Medium Low/Medium Low/Medium Low/Medium

Oil Condensate Condensate Oil Condensate

60.4 19.0 6.1 13.2 4.1

39.7 7.4 6.3 5.0 0.3

1.98 0.37 0.32 0.25 0.02

Epen
U. Carboniferous

Lacustrine

West Netherlands

(2,750 mi2)
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4.2 Geologic Setting 

The West Netherland Basin (WNB), while commonly described as a single structural 

entity, contains a series of smaller structural elements bounded by long, northwest-trending 

faults.  The complex tectonic features present in this basin are illustrated by the northeast to 

southwest cross-section (A-A’) located on the far western portion of the basin, Figure XIII-20.10 

(The location of the cross-section is shown on Figure XIII-19.) 

Figure XIII-20.  Cross-Section A to A’, Western Portion of West Netherland Basin. 

 

Source:  van Balen, R.T. et al., 2000.   

 

The WNB contains a series of prospective shale formations, including two Carboniferous 

(Namurian) shale formations, the Epen Formation and the Geverik Member, plus the Lower 

Jurassic (Toarcian) Posidonia Shale, Figure XIII-21.10 Based on analysis of core and cutting 

samples from the deep Geverik-1 exploration well, located in the southeastern part of the basin, 

the Epen Shale contains Type III kerogen, with lacustrine-deltaic deposition,  while the Geverik 

Shale contains Type II kerogen, with open-marine deposition.  The Posidonia Shale contains 

Type II marine kerogen.   

Additional shale source rocks exist in the WNB, particularly in Late Jurassic and Late 

Carboniferous intervals.  However, these shales are considered of minor importance or contain 

significant inter-beds of coal.10 Thus, these shales have been excluded from the quantitative 

resource assessment.  An excellent, comprehensive review of the shale formations of the 

Netherlands is provided in the TNO report entitled, “Inventory Non-Conventional Gas” by A.G. 

Muntendam-Bos et al., 2009.11 
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Figure XIII-21.  Stratigraphic Section for West Netherland Basin. 

 
Numerical ages in the Namurian and Jurassic to Tertiary are after Harland et al. (1990), in the Triassic and Permian after 
Menning (1995), and in the Westphalian and Stephanian after Lippolt et al. (1984). 
Source:  van Balen, R.T. et al., 2000.   
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          For the Epen Shale, we have mapped a 1,460-mi2 area prospective for oil and associated 

gas and a smaller 860-mi2 area prospective for wet gas and condensate, Figure XIII-22.  For the 

Geverik Shale, we have mapped a 2,320-mi2 area prospective for wet gas and condensate, 

Figure XIII-23.  For the Posidonia Shale, we have mapped a 850-mi2 area prospective for oil 

and a smaller 170-mi2 area prospective for wet gas and condensate, Figure XIII-24. 

4.3 Reservoir Properties (Prospective Area) 

Carboniferous (Namurian) Epen and Geverik Shales.   As discussed above, the 

Carboniferous (Namurian) sequence in the Netherlands contains two prospective shale 

formations, the Epen and Geverik.  The key technical paper by R. T. van Balen, et al. (2000)10 

and data provided in the more recent TNO report (Muntendam-Bos, A.G., et al., 2009)11 were 

used to establish prospective areas including information on depth, thermal maturity and 

thickness for these two shale gas formations. 

Depth to the Epen Shale ranges from 3,300 feet to 16,400 feet, averaging 8,500 feet in 

the oil prospective area and averaging 12,500 feet in the wet gas/condensate prospective area.  

In the west-central portion of the WNB, the depth of the Epen Shale is below 5,000 m.  As such, 

this portion of the basin has been excluded from the prospective area.  The Epen Shale’s oil 

prospective area has a thermal maturity of 0.7% to 1.0% Ro in the southern portion of the basin 

and along the shallower basin edges.  In the center of the basin, the thermal maturity of the 

shale ranges from 1.0% to 1.3% Ro, placing the shale in the wet gas/condensate window.  The 

Epen Shale is very thick, with a gross organic-rich thickness of 1,500 feet and a net thickness of 

450 feet, based on an estimated 30% net to gross ratio.  Total organic content ranges from 1% 

to 15%, averaging 2.4%.  The shale is over-pressured and because of its lacustrine deposition 

has medium assumed clay content. 

Depth to the underlying Geverik Shale ranges from 5,000 feet to 16,400 feet, averaging 

11,000 feet in the wet gas/condensate prospective area.  As for the Epen Shale, the deep west-

central portion of the basin below 5,000 m has been excluded.  The Geverik Shale has an 

organic-rich gross interval of 225 feet, with an estimated 135 feet of net pay, based on an 

estimated 60% net to gross ratio.  The thermal maturity of this deeper shale ranges from 1.0% 

to 1.3%, placing the Geverik Shale in the wet gas and condensate window.  Total organic 

content of the shale ranges from 2% to 7%, averaging 4%.  The shale is over-pressured and 

due to its marine deposition has low to medium assumed clay content. 
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Figure XIII-22.  Prospective Areas for Epen Shale, West Netherland Basin. 

 
Source:  ARI, 2013 

 

Figure XIII-23.  Prospective Areas for Geverik Shale, West Netherland Basin. 

 
Source:  ARI, 2013 
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Figure XIII-24.  Prospective Area for Posidonia Shale, West Netherland Basin. 

 
Source:  ARI, 2013 

 

Jurassic (Toarcian) Posidonia Shale.  The shallower Posidonia Shale overlies the 

Carboniferous Epen and Geverik shales in the West Netherland Basin.  The shale has reservoir 

properties similar to the Posidonia Shale in the Lower Saxony Basin of Germany, discussed 

previously.  A total of 140 wells have been drilled through the Posidonia Shale, providing 

valuable data and control for this resource assessment. 

The depth of the Posidonia Shale ranges from 3,300 feet on the margins of the 

prospective area to 12,500 feet in the basin center, averaging 6,500 feet in the oil prospective 

area and 10,500 feet in the wet gas/condensate prospective area.  In the shallower portions of 

the prospective area, the Posidonia Shale has a thermal maturity of 0.7% to 1.0% Ro (oil 

window).  In the deeper basin center, Posidonia Shale has a thermal maturity of 1.0% to 1.3% 

Ro (wet gas/condensate window).  The gross organic-rich shale interval is 100 feet, with 90 feet 

of net pay.  The shale contains Type II marine kerogen with a TOC that ranges from less than 

1% to a maximum of 16%, averaging 6%.  The formation is slightly over-pressured with low to 

medium clay content. 



XIII. Northern and Western Europe EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XIII-32  

4.4 Resource Assessment 

Carboniferous (Namurian) Epen Shale.  We estimate that the prospective area of the 

Epen Shale in the West Netherland Basin contains risked shale gas in-place of 94 Tcf, with 15 

Tcf as the risked, technically recoverable shale gas resource (including both wet shale gas and 

associated shale gas).  In addition, we estimate that the Epen Shale in this basin has risked in-

place shale oil/condensate of 47 billion barrels, with 2.4 billion barrels as the risked, technically 

recoverable shale oil resource. 

Carboniferous (Namurian) Geverik Shale.  We estimate that the prospective area of 

the Geverik Shale in the West Netherland Basin contains risked shale gas in-place of 51 Tcf, 

with 10 Tcf as the risked, technically recoverable shale gas resource.  In addition, we estimate 

that the Geverik Shale in this basin has risked in-place shale oil/condensate of 6 billion barrels, 

with 0.3 billion barrels as the risked, technically recoverable shale oil resource. 

Jurassic (Toarcian) Posidonia Shale.  We estimate that the prospective area of the 

Posidonia Shale in the West Netherland Basin contains risked shale gas in-place of 7 Tcf, with 1 

Tcf as the risked, technically recoverable shale gas resource (including both wet shale gas and 

associated shale gas).  In addition, we estimate that the Posidonia Shale in this basin has risked 

in-place shale oil/condensate of 5 billion barrels, with 0.3 billion barrels as the risked, technically 

recoverable shale oil resource. 

4.5 Recent Activity 

Three companies have acquired shale gas and oil leases in the Netherlands.  Cuadrilla 

Resources and DSM Energie have leases in the West Netherland Basin while Queensland Gas 

Company (now part of BG Group) has leases in north-central Netherlands.  Beyond the earlier 

exploratory wells that helped define the shale resources in the West Netherland Basin, we are 

not aware of any recent shale gas or oil development in the Netherlands. 
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5. SCANDINAVIA 

5.1  Introduction 

The Cambrian-Ordovician (Lower Paleozoic) Alum Shale underlies significant portions of 

Scandinavia, including Sweden, Denmark and potentially Norway, Figure XIII-25.   However, in 

much of this area the Alum Shale is shallow, thin and immature. The outline of the Alum Shale 

depositional area examined by this shale resource assessment is bounded on the west by the 

Caledonia Deformation Front and outcrops of the Alum Shale.  The basin is bounded on the 

east by the inferred depositional limits of the Lower Paleozoic and on the south by the 2.7% (Ro) 

thermal maturity contour. 

Figure XIII-25.  Outline Map for Alum Shale of  Scandinavia 

Source:  ARI, 2013 
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For the Alum Shale in Sweden, we estimate risked in-place shale gas of 49 Tcf, with 10 

Tcf as the risked, technically recoverable shale gas resource.  For the Alum Shale in Denmark, 

we estimate risked in-place shale gas of 159 Tcf, with 32 Tcf as the risked, technically 

recoverable shale gas resource, Table XIII-9.  A modest volume of shale gas may exist in the 

Oslo Graben of Norway.  However, there is not sufficient data to reliably estimate the size of 

Norway’s shale resource.  Our shale gas resource estimates are preliminary and have been 

highly risked, awaiting more definite information from industry’s planned exploration efforts, 

particularly in Denmark. 

Table XIII-9.  Shale Gas Reservoir Properties and Resources of Scandinavia 

 

5.2 Geologic Setting 

The depositional setting of the Cambrian-Ordovician Alum Shale in southern Sweden 

and northern Denmark has been mapped in the technical literature.  Outcrops of the Alum Shale 

exist along the Caledonian Mountain belt along the Sweden-Norway border and in southern 

Sweden.  Figure XIII-26 provides the stratigraphic position of the Alum Shale in Sweden.  Figure 

XIII-27, compiled from a variety of sources, indicates the presence of the Alum Shale in the Oslo 

Graben of Norway and on Gotland in Sweden.  While the stratigraphy of the Alum Shale has 

only moderate variation in central Sweden, the structural setting becomes complex along the 

Caledonian Front in Norway, western Sweden and northern Denmark. 
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Figure XIII-26.  Stratigraphic Column for Cambrian Through Permian, Sweden 

  
Source:  Thickpenny, A, 1984. 
 

Figure XIII-27.  Generalized Lower Paleozoic Stratigraphy for the Scandinavia-Baltic Region. 

Modified from Bjørlykke (1974), Vlierboom et al. (1986), Thickpenny and Leggett (1987), Brangulis et al. (1993), Zdanaviciute 
and Bojesen-Kofoed (1997), Bondar et al. (1998), Sivhed et al. (2004). 
Source:  Pedersen, J.H.,  2007 
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The Alum Shale contains a series of distinct lithotypes, as shown by the cross-section of 

data from selected outcrop areas in southern Sweden and the Caledonian Front, Figure XIII-28.  

Two of these lithotypes are important shale source rocks.  The first is the black organic-rich 

mudstone with TOC of 5% to 7% in the Middle Cambrian, reaching up to 20% in the Upper 

Cambrian.12   This interval contains 30% to 40% illite clay, and +25% quartz, plus pyrite and K-

feldspar.  The second is the black and gray (dark brown) inter-bedded mudstone, with TOC of 

about 5%.  Grey mudstone, bituminous limestone and thin sandstone, siltstone lamina 

constitute the remaining lithotypes.  The Alum Shale was deposited in a relatively shallow, 

anoxic marine environment.   

Figure XIII-28.  Comparative Middle and Upper Cambrian Stratigraphic Columns for Selected Outcrop Areas 
in Scandinavia 

 
Source: Thickpenny, 1984 
 



XIII. Northern and Western Europe EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XIII-37  

Except for outcroppings and data from shallower wells, rigorous data on the properties of 

the Alum Shale are scarce.  ARI has identified an 8,100-mi2 prospective area where the shale is 

deposited below 3,300 feet at depth and where the thermal maturity data indicate the shale is 

inside the gas window, Figure XIII-29.  The bulk of the Alum Shale prospective area is in 

northern Denmark, encompassing 5,680 mi2.  The remaining 2,120-mi2 prospective area for the 

Alum Shale is in southern Sweden. 

Figure XIII-29.  Prospective Areas for Alum Shale in Denmark and Sweden. 

 
Source: ARI, 2013. 

The outlines of the Alum Shale prospective area are based on thermal maturity of 2.7% 

Ro on the south and the 3,300-foot depth limit (plus outcrops of the shale in the Skane area) on 

the north.  Data from well drilling by Shell provided information on the depth of the Alum Shale 

in southern Sweden. 
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5.3   Reservoir Properties (Prospective Area) 

The depth of the Alum Shale ranges from 3,300 feet in southern Sweden to 15,000 feet 

in northern Denmark.  We have assumed a depth of 5,000 feet for the dry gas prospective area 

in Sweden and a depth of 13,500 feet for the two dry gas prospective areas in Denmark.    

The thickness of the Alum Shale generally ranges from 20 to 60 m, but can reach 80 to 

100 m in the Skane area and 200 m or more in repeated sequences due to multiple thrust faults 

along the Caledonian Front.13,14  The Alum Shale gross thickness is relatively constant, ranging 

from 250 to 300 feet in the prospective area, Figure XIII-29.  We have assumed a relatively high 

net to gross ratio of 80%, giving a net shale thickness of 200 feet.  Since we include both the 

high TOC black shale and the lower TOC dark brown shale in our net pay, we use an average 

TOC of 7.5%.   The Alum Shale formation is normally pressured, has moderately high clay 

content and is structurally complex, making the shale a high risk play. 

5.4 Resource Assessment 

For the Alum Shale in Sweden, we calculate a resource concentration of 77 Bcf/mi2.  

Based on this and a 2,120-mi2 prospective area, we estimate risked shale gas in-place of 49 

Tcf, with 10 Tcf as the risked, technically recoverable shale gas resource, Table XIII-9.    

For the Alum Shale in Denmark, we calculate a resource concentration of 110 Bcf/mi2.  

Based on this and a 5,980-mi2 prospective area, we estimate risked shale gas in-place of 159 

Tcf, with 32 Tcf as the risked, technically recoverable shale gas resource, Table XIII-9.  

Additional investigation and data are required to establish the shale resources of 

Norway, particularly in the deeper Oslo Graben. 

5.5 Recent Activity 

The Alum Shale has a rich exploration history that dates back to the 1600s with the 

extraction of alum salt.  Subsequently, the Alum Shale was mined for oil shale in 1930 to 1950 

and later as a source for uranium. 15 

Of the numerous companies that have applied for exploration licenses in Sweden, Shell 

Oil has been the most active.  Shell drilled three wells on their 400-mi2 lease area in the Skane 

Region of Southern Sweden between 2008 to 2011, Figure XIII-30.  However, according to 

information from the Geologic Survey of Denmark and Greenland, “They drilled three wells, but 
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found it uneconomic.”15  Other companies with Alum Shale exploration licenses in Sweden are 

Gripen Gas and Energigas, with twelve licenses in south-central Sweden.  However, Gripen 

Gas is pursuing biogenic source gas with a series of exploration wells in the shallow portion of 

the Alum Shale. 

In Denmark, Total E&P Denmark B.V. is exploring for deep shale gas in two license 

areas in northern Denmark.  Total submitted the work program for the first exploration well, 

Vendsyssel-1, in late 2012 and plans a six year exploration program to determine whether their 

lease areas contain sufficient shale gas resources to warrant further development.   

Figure XIII-30.  Shell Oil License Areas, Alum Shale, Sweden 

 
Source:  ARI, 2013. 
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XIX. SOUTH AFRICA   

SUMMARY 

South Africa has one major sedimentary basin that contains thick, organic-rich shales - - 

the Karoo Basin in central and southern South Africa, Figure XIX-1.1,2,3  The Karoo Basin is 

large (236,400 mi2), extending across nearly two-thirds of the country, with the southern portion 

of the basin potentially favorable for shale gas.  However, the basin contains significant areas of 

igneous (sill) intrusions that may impact the quality of the shale resources, limit the use of 

seismic imaging, and increase the risks of shale exploration. 

Figure XIX -1: Outline of Karoo Basin and Prospective Shale Gas Area of South Africa 

 

Source: ARI, 2013. 
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The Permian-age Ecca Group, with its organic-rich source rocks in the Lower Ecca 

Formation, is the primary shale formation addressed by this assessment.  Of particular interest 

is the organic-rich, thermally mature black shale unit in the Whitehill Formation of the Lower 

Ecca.  This shale unit is regionally persistent in composition and thickness and can be traced 

across most of the southern portion of the Karoo Basin.4   

We estimate that the Lower Permian Ecca Group shales in this basin contain 1,559 Tcf 

of risked shale gas in-place, with 370 Tcf as the risked, technically recoverable shale gas 

resource, Table XIX-1.  We have excluded the Upper Ecca shales in this basin from quantitative 

assessment because their TOC content is reported to be below the 2% TOC standard used by  

this resource assessment study. 

Table XIX-1:  Shale Gas Reservoir Properties and Resources of the Karoo Basin 

Prince Albert Whitehill Collingham
L. Permian L. Permian L. Permian

Marine Marine Marine

60,180 60,180 60,180

Organically Rich 400 200 200
Net 120 100 80
Interval 6,000 - 10,500 5,500 - 10,000 5,200 - 9,700
Average 8,500 8,000 7,800

Mod. Overpress. Mod. Overpress. Mod. Overpress.

2.5% 6.0% 4.0%
3.00% 3.00% 3.00%
Low Low Low

Dry Gas Dry Gas Dry Gas

42.7 58.5 36.3

385.3 845.4 327.9

96.3 211.3 82.0

R
e
so
u
rc
e

Gas Phase

GIP Concentration (Bcf/mi2)

Risked GIP (Tcf)

Risked Recoverable (Tcf)

Karoo

(236,400 mi2)

R
e
se
rv
o
ir
 

P
ro
p
er
ti
es Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

B
a
si
c 
D
at
a Basin/Gross Area

Shale Formation
Geologic Age

Depositional Environment

P
h
ys
ic
al
 E
xt
en

t Prospective Area (mi2)

Thickness (ft)

Depth (ft)
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INTRODUCTION 

South Africa is a net natural gas importer, primarily from neighboring Mozambique and 

Namibia.  As such, South Africa has given priority to exploration for domestic gas and oil.   

Shale exploration is initiated via a Technical Cooperation Permit (TCP), which may lead to an 

Exploration Permit (EP) and eventually to a production contract.  The country has a corporation 

tax of 28% and royalty of 7%, terms that are favorable for gas and oil development. 

A number of major and independent companies have signed Technical Cooperation 

Permits (TCPs) to pursue shale gas in the Karoo Basin, including Royal Dutch Shell, the Falcon 

Oil & Gas/Chevron joint venture, the Sasol/Chesapeake/Statoil joint venture, Sunset Energy Ltd. 

of Australia and Anglo Coal of South Africa. 

1. KAROO BASIN 

1.1 Introduction 

The Karoo foreland basin is filled with over 5 km of Carboniferous to Early Jurassic 

sedimentary strata.  The Early Permian-age Ecca Group underlies much of the Karoo Basin, 

cropping out along the southern and western basin margins, Figure XIX-1.  The Ecca Group 

contains a sequence of organic-rich mudstone, siltstone, sandstone and minor conglomerates.5 

1.2 Geologic Setting 

The larger Ecca Group, encompassing an interval up to 10,000 ft thick in the southern 

portion of the basin, is further divided into the Upper Ecca (containing the Fort Brown and 

Waterford Formations) and the Lower Ecca (containing the Prince Albert, Whitehill and 

Collingham Formations), Figure XIX-2.  The three Lower Ecca formations are the subject of this 

shale resource assessment. 

The regional southwest to northeast cross-section illustrates the structure of the Cape 

Fold Belt of the Ecca Group on the south and the thermal maturity for the Ecca Group on the 

north, Figure XIX-3.6 
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Figure XIX-2.  Stratigraphic Column of the Karoo Basin of South Africa  

 

Source: Catuneanu, O. et al., 2005.   
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Figure XIX-3. Schematic Cross-Section of Southern Karoo Basin and Ecca Group Shales 

 

Source: McLachlan, I. and Davis, A., 2006. 

Major portions of the Karoo Basin have igneous (sill) intrusions and complex geology, 

with the most extensive and thickest sills concentrated within the Upper Ecca and Balfour 

formations.7  This unusual condition creates significant exploration risk in pursuing the shale 

resources in the Karoo Basin, Figure XIX-4.8  (Note that this map reflects the maximum extent of 

intrusions, which are expected to be less within the target shale formations.)  Local mapping 

indicates that contact metamorphism is restricted to quite close to the intrusions.  As such, we 

removed 15% of the prospective area to account for the potential impact of igneous intrusions 

and significantly risked the remaining resource. 

The prospective area for the Lower Ecca Group shales is estimated at 60,180 mi2, 

Figure XIX-5.  The boundaries of the prospective area are defined by the outcrop of the Upper 

Ecca Group on the east, south and west/northwest and the pinch-out of the Lower Ecca Group 

shales on the northeast, Figure XIX-1.  The dry gas window is south of the approximately 29o 

latitude line.  Given the thermal maturity information and the depositional limits of the Lower 

Ecca shales, the prospective area of the Lower Ecca shales is primarily in the dry gas window. 
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Figure XIX-4. Igneous Intrusions in the Karoo Basin, South Africa  

 

Source: Svensen, H. et al., 2007. 

 

Figure XIX-5.  Lower Ecca Group Structure Map, Karoo Basin, South Africa  

 
Source: ARI, 2013.
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1.2 Reservoir Properties (Prospective Area) 

Lower Ecca Shales.  The Lower Ecca shales include the thick basal Prince Albert 

Formation, overlain by the thinner Whitehill and Collingham Formations.  Each of these 

sedimentary units has been individually assessed and is discussed below. 

Prince Albert Shale.  The Lower Permian Prince Albert Formation has a thick, thermally 

mature area for shale gas in the Karoo Basin.  Depth to the Prince Albert Shale ranges from 

6,000 to over 10,000 ft, averaging about 8,500 ft in the deeper prospective area in the south.  

The Prince Albert Shale has a gross thickness that ranges from 200 to 800 ft, averaging 400 ft, 

with a net organic-rich thickness of about 120 ft. 

The total organic content (TOC) of the Prince Albert Shale within its organic-rich net pay 

interval ranges from 1.5 to 5.5%, averaging 2.5%, Figure XIX-6.8  Local TOC values of up to 

12% have been recorded.9  However, in areas near igneous intrusions much of the organic 

content may have been lost or converted to graphite. 

Figure XIX-6.  Total Organic Content of Prince Albert and Whitehill Formations   

 

Source: Svensen, H. et al., 2007. 
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Because of the presence of igneous intrusions, the thermal maturity of the Prince Albert 

Shale is high, estimated at 2% to 4% Ro, placing the shale well into the dry gas window.  In 

areas near igneous intrusions, the formation is over-mature, with vitrinite reflectance (Ro) values 

reaching 8%, indicating that the organic content has been transformed into graphite and CO2, 

Figure XIX-7.  The Prince Albert Shale was deposited as a deep marine sediment and is 

inferred to have mineralogy favorable for shale formation stimulation. 

Figure XIX-7.  Carbon Loss in Lower Ecca Group Metamorphic Shale 

 

Based on limited well data, primarily from the Cranemere CR 1/68 well completed in the 

Upper Ecca interval, the Prince Albert Shale appears to be overpressured and has a high 

thermal gradient. 

Whitehill Shale.  The organic-rich Lower Permian Whitehill Formation contains one of 

the main shale gas targets in the Karoo Basin of South Africa.  The depth to the Whitehill Shale 

ranges from 5,500 to 10,000 ft, averaging 8,000 ft in the prospective area.  The Whitehill Shale 

has an estimated gross organic thickness of 100 to 300 ft,10 with an average net thickness of 

100 ft within the prospective area, as shown by the isopach map on Figure XIX-8.11 
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Figure XIX-8.  Isopach Map of the Whitehill Formation  

 
Source: ARI, 2013. 
 

The total organic content (TOC) for the Whitehill Shale in the prospective area ranges 

from 3% to 14%, averaging 6%.  Local areas have TOC contents up to 15%.4  In areas near 

igneous intrusions, portions of the organic content may have been converted to graphite.  The 

main minerals in the Whitehill Formation are quartz, pyrite, calcite and chlorite, making the shale 

favorable for hydraulic stimulation.  The Whitehill Shale is assumed to be overpressured.  The 

thermal maturity (Ro) of the Whitehill Shale in the prospective area ranges from 2% to 4%, 

placing the shale into the dry gas window. 

The hydrogen and oxygen indexes of the Whitehill Formation indicate a mixture of Type I 

and Type II kerogen.9  The Whitehill Shales was deposited in deep marine, anoxic setting and 

contains minor sandy interbeds from distal turbidites and storm deposits.12,13 
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Collingham Shale.  The Lower Permian Collingham Formation (often grouped with the 

Whitehill Formation) contains the third shale formation addressed by this resource study.  The 

Collingham Formation has an upward transition from deep-water submarine to shallow-water 

deltaic deposits.9  The depth to the Collingham Shale averages 7,800 ft within the prospective 

area.  Except for total organic content, the shale has reservoir properties similar to the Whitehill 

Shale.  It has an estimated gross organic thickness of 200 ft, a net thickness of 80 ft, and TOC 

of 2% to 8%, averaging 4%.  Thermal maturity is high, estimated at 3% Ro, influenced by 

igneous intrusions.  The shale is assumed to be overpressured based on data from the Upper 

Ecca Group. 

Upper Ecca Shales.  The Upper Ecca Formation extends over a particularly thick, 1,500 

m (~5,000 ft) vertical interval in the central and northern Karoo Basin.  The Upper Ecca contains 

two shale sequences of interest - - the Waterford and the Fort Brown.  The Fort Brown 

Formation accounts for the great bulk of the vertical interval of the Upper Ecca.  These shales 

are interpreted by some investigators to have been deposited in a shallow marine environment,2 

although others categorize them as lacustrine.14 

 The organic content and thermal maturity of the Upper Ecca shales are considerably 

less than for the Lower Ecca shales.  The total organic content (TOC) is reported to range from 

about 1% to 2%.  With a thermal maturity ranging from 0.9% to 1.1% Ro, the Upper Ecca shales 

area is in the oil to wet gas window.15 

In the materials below, we provide a qualitative description for the Upper Ecca shales.  

However, because their average TOC is below the 2% criterion set for the study, these shales 

have been excluded from our quantitative assessment. 

The boundaries of the prospective area for the Upper Ecca shales are defined by the 

outcrop of the Upper Ecca on the east, south and west and the shallowing of the Lower Ecca 

shales on the northeast.  The shale oil window is north of the approximately 29o latitude line.  A 

significant basalt intrusion area of about 10,000 mi2 in the center of the prospective area has 

been excluded.  Major portions of the prospective area have igneous intrusions that have locally 

destroyed portions of the organics, creating significant exploration risk. 

Fort Brown Shale.  The Fort Brown Shale, as described in the Cranemere CR 1/68 

well, is a dark gray to black shale with occasional siltstone stringers.  In this well, the Fort Brown 

Shale exists over a gross interval of nearly 5,000 ft (1,500 m) from 7,012-11,997 ft.  Sunset 
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Energy, the current permit holder in the area surrounding the Cranemere CR 1/68 well, reports 

that 24-hour DST testing in one interval of the Fort Brown shale, from 8,154-8,312 ft, had a flow 

rate of 1.84 MMcfd.  The well is reported to have blown out at a depth of about 8,300 ft (2,500 

m), requiring 10.5 pound per gallon mud to bring the well under control. 

The prospective area for the Upper Ecca Fort Brown Shale is estimated at 31,700 mi2.  

The Fort Brown Shale in the prospective area has an average depth of 6,000 ft and ranges from 

3,000 to 9,000 ft.  The shale has an estimated 600 ft of net organic rich thickness, based on 

using a net to gross ratio of 20% and an average gross thickness of 3,000 ft.  The shale has a 

total organic content (TOC) that ranges from 1 to 2% and an estimated average thermal 

maturity of 1.1% Ro (based on limited data). 

Waterford Shale.  The prospective area for the Upper Ecca Waterford Shale is 

estimated at 20,800 mi2.  The Waterford Shale in the prospective area has an average depth of 

4,500 ft, ranging from 3,000 to 6,000 ft.  The shale has an estimated 100 ft of net organic rich 

thickness within an average gross thickness of 500 ft.  Total organic content ranges from 1 to 

2%, with average thermal maturity, based on very limited data, of 0.9% Ro. 

1.3 Resource Assessment 

Prince Albert Shale.  Within its 60,180-mi2 dry gas prospective area, the Prince Albert 

Shale has a resource concentration of about 43 Bcf/mi2.  Given limited exploration data, the 

risked shale gas in-place is estimated at 385 Tcf.  Based on favorable TOC and reservoir 

mineralogy, balanced by complex geology and volcanic intrusions in the prospective area, ARI 

estimates a risked, technically recoverable shale gas resource of 77 Tcf for the Prince Albert 

Shale in the Karoo Basin. 

Whitehill Shale.  Within its 60,180-mi2 dry gas prospective area, the Whitehill Shale has 

a resource concentration of about 59 Bcf/mi2.  While somewhat more defined than the Prince 

Albert Shale, the exploration risk for the Whitehill Shale is still substantial, leading to a risked 

shale gas in-place of 845 Tcf.  Based on favorable reservoir mineralogy but complex geology, 

ARI estimates a risked, technically recoverable shale gas resource of 211 Tcf for the Whitehill 

Shale in the Karoo Basin. 
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Collingham Shale.  With a prospective area of 60,180 mi2 and with a resource 

concentration of 36 Bcf/mi2, the risked gas in-place for the Collingham Shale is estimated at 328 

Tcf, with a risked, technically recoverable shale gas resource of 82 Tcf. 

Considerable uncertainty surrounds the characterization and assessment of the shale oil 

resources of South Africa, particularly for the net organic-rich thickness and the vertical and 

areal distribution of thermal maturity.  Shale exploration is just starting in the Karoo Basin and 

few data points exist, particularly for the Upper Ecca group of formations. 

1.4 Recent Activity 

Falcon Oil & Gas Ltd., an early entrant into the shale gas play of South Africa, obtained 

an 11,600-mi2 TCP along the southern edge of the Karoo Basin.  Shell obtained a larger 

71,400-mi2 TCP surrounding the Falcon area.  Sunset Energy holds a 1,780-mi2 TCP to the 

west of Falcon.  The Sasol/Chesapeake/Statoil JV TCP area of 34,000 mi2 and the Anglo Coal 

TCP application area of 19,300 mi2 are to the north and east of Shell’s TPC, Figure XIX-9. 16 

Figure XIX-9.  Map Showing Operator Permits in the Karoo Basin, South Africa  

 

Source: ARI, 2013. 
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Recently, Chevron announced that it would partner with Falcon Oil & Gas to pursue the  

shale resources of the Karoo Basin, starting with seismic studies.17 

Five older (pre-1970) wells have penetrated the Ecca Shale interval.  Each of the wells 

had gas shows, while one of the wells - - the Cranemere CR 1/68 well - - flowed 1.84 MMcfd 

from a test zone at 8,154 to 8,312 ft.  The gas production, considered to be from fractured 

shale, depleted relatively rapidly during the 24-hour test.  The CR 1/68 well was drilled to 15,282 

ft into the underlying Table Mountain quartzite and had gas shows from six intervals, starting at 

6,700 ft and ending at 14,650 ft, indicating that the shales in this area are gas saturated. 
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XXIV. INDIA/PAKISTAN   

SUMMARY 

India and Pakistan contain numerous basins with organic-rich shales.  For India, the 

study assessed four priority basins: Cambay, Krishna-Godavari, Cauvery and Damodar Valley.   

The study also screened other basins in India, such as the Upper Assam, Vindhyan, Pranhita-

Godavari, Rajasthan and South Rewa.  However, in these basins the shales were thermally too 

immature or the data for conducting a rigorous resource assessment were not available.  For 

Pakistan, the study addressed the areally extensive Indus Basin, Figure XXIV-1.  

Figure XXIV-1.  Shale Gas and Shale Oil Basins of India/Pakistan 
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Overall, ARI estimates a total of 1,170 Tcf of risked shale gas in-place for India/Pakistan, 

584 Tcf in India and 586 Tcf in Pakistan.  The risked, technically recoverable shale gas resource 

is estimated at 201 Tcf, with 96 Tcf in India and 105 Tcf in Pakistan, Tables XXIV-1A and XXIV-

1B.   In addition, we estimate risked shale oil in-place for India/Pakistan of 314 billion barrels, 

with 87 billion barrels in India and 227 billion barrels in Pakistan.  The risked, technically 

recoverable shale oil resource is estimated at 12.9 billion barrels for these two countries, with 

3.8 billion barrels for India and 9.1 billion barrels for Pakistan, Table XXIV-2A and XXIV-2B.    

Table XXIV-1A.  Shale Gas Reservoir Properties and Resources of India 

Cauvery

(9,100 mi2)

Damodar Valley

(2,270 mi2)

Sattapadi-Andimadam Barren Measure
Cretaceous Permian-Triassic

Marine Marine

1,060 300 580 1,100 3,900 3,000 1,010 1,080
Organically Rich 1,500 1,500 1,500 330 500 1,300 1,000 1,000
Net 500 500 500 100 150 390 500 250
Interval 6,000 - 10,000 10,000 - 13,000 13,000 - 16,400 4,000 - 6,000 6,000 - 10,000 10,000 - 16,400 7,000 - 13,000 3,300 - 6,600
Average 8,000 11,500 14,500 5,000 8,000 13,000 10,000 5,000

Mod. 
Overpress.

Mod. 
Overpress.

Mod. 
Overpress.

Normal Normal Normal Normal Slightly Overpress.

2.6% 2.6% 2.6% 6.0% 6.0% 6.0% 2.3% 3.5%
0.85% 1.15% 1.80% 0.85% 1.15% 1.50% 1.15% 1.20%

Low/Medium Low/Medium Low/Medium High High High High High

Assoc. Gas Wet Gas Dry Gas Assoc. Gas Wet Gas Dry Gas Wet Gas Wet Gas

55.9 170.5 228.0 6.9 57.8 204.7 119.6 62.9

35.5 30.7 79.4 3.4 101.4 276.4 30.2 27.2

3.6 6.1 19.8 0.2 15.2 41.5 4.5 5.4

P
h
ys
ic
al
 E
xt
en

t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

B
a
si
c 
D
a
ta Basin/Gross Area

Shale Formation
Geologic Age

Depositional Environment

Cambay

(7,900 mi2)

Cambay Shale
U. Cretaceous-Tertiary

R
e
so
u
rc
e

Gas Phase

GIP Concentration (Bcf/mi2)

Risked GIP (Tcf)

Risked Recoverable (Tcf)

R
e
se
rv
o
ir
 

P
ro
p
er
ti
es Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

Marine

Krishna-Godavari

(7,800 mi2)

Permian-Triassic
Permian-Triassic

Marine

 

 

Table XXIV-1B.  Shale Gas Reservoir Properties and Resources of Pakistan 

Ranikot
Paleocene

Marine

26,700 25,560 31,320 26,780

Organically Rich 1,000 1,000 1,000 1,000
Net 250 250 250 200
Interval 4,000 - 6,000 6,000 - 10,000 10,000 - 16,400 6,000 - 13,000
Average 5,000 8,000 13,000 9,000

Normal Normal Normal Normal

2.0% 2.0% 2.0% 2.0%
0.85% 1.15% 1.50% 0.85%
Low Low Low Low

Assoc. Gas Wet Gas Dry Gas Assoc. Gas

14.3 57.0 82.7 17.0

45.9 174.7 310.8 54.8

3.7 34.9 62.2 4.4

P
h
ys
ic
al
 E
xt
en

t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

Lower Indus

(169,000 mi2)

Sembar
L. Cretaceous

Marine

B
a
si
c 
D
at
a Basin/Gross Area

Shale Formation
Geologic Age

Depositional Environment

R
es
o
u
rc
e

Gas Phase

GIP Concentration (Bcf/mi2)

Risked GIP (Tcf)

Risked Recoverable (Tcf)

R
es
e
rv
o
ir
 

P
ro
p
er
ti
es Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content
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Table XXIV-2A.  Shale Oil Reservoir Properties and Resources of India 

Cauvery

(9,100 mi2)

Damodar Valley

(2,270 mi2)

Sattapadi-Andimadam Barren Measure
Cretaceous Permian-Triassic

Marine Marine

1,060 300 1,100 3,900 1,010 1,080

Organically Rich 1,500 1,500 330 500 1,000 1,000
Net 500 500 100 150 500 250
Interval 6,000 - 10,000 10,000 - 13,000 4,000 - 6,000 6,000 - 10,000 7,000 - 13,000 3,300 - 6,600
Average 8,000 11,500 5,000 8,000 10,000 5,000

Mod. 
Overpress.

Mod. 
Overpress.

Normal Normal Normal Slightly Overpress.

2.6% 2.6% 6.0% 6.0% 2.3% 3.5%
0.85% 1.15% 0.85% 1.15% 1.15% 1.20%

Low/Medium Low/Medium High High High High

Oil Condensate Oil Condensate Condensate Condensate

79.8 19.2 17.5 6.5 30.2 12.1

50.8 3.5 8.7 11.5 7.6 5.2

2.54 0.17 0.26 0.34 0.23 0.21

P
h
ys
ic
al
 E
xt
e
n
t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

B
a
si
c 
D
a
ta Basin/Gross Area

Shale Formation
Geologic Age

Depositional Environment

Cambay

(7,900 mi2)

Cambay Shale
U. Cretaceous-Tertiary

R
e
so
u
rc
e

Oil Phase

OIP Concentration (MMbbl/mi2)

Risked OIP (B bbl)

Risked Recoverable (B bbl)

R
e
se
rv
o
ir
 

P
ro
p
er
ti
es Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

Marine

Krishna-Godavari

(7,800 mi2)

Permian-Triassic
Permian-Triassic

Marine

 

 

Table XXIV-2B.  Shale Oil Reservoir Properties and Resources of Pakistan 

Ranikot
Paleocene

Marine

26,700 25,560 26,780

Organically Rich 1,000 1,000 1,000
Net 250 250 200
Interval 4,000 - 6,000 6,000 - 10,000 6,000 - 13,000
Average 5,000 8,000 9,000

Normal Normal Normal

2.0% 2.0% 2.0%
0.85% 1.15% 0.85%
Low Low Low

Oil Condensate Oil

36.6 9.1 25.4

117.4 27.9 81.7

4.70 1.12 3.27

P
h
ys
ic
a
l E
xt
en

t Prospective Area (mi2)

Thickness (ft)

Depth (ft)

Lower Indus

(169,000 mi2)

Sembar
L. Cretaceous

Marine

B
as
ic
 D
at
a Basin/Gross Area

Shale Formation
Geologic Age

Depositional Environment

R
es
o
u
rc
e

Oil Phase

OIP Concentration (MMbbl/mi2)

Risked OIP (B bbl)

Risked Recoverable (B bbl)

R
e
se
rv
o
ir
 

P
ro
p
e
rt
ie
s Reservoir Pressure

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content
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INTRODUCTION 

Evaluating the shale gas and oil resources of India and Pakistan posed a series of 

challenges.  Only limited publically available data exist on the geologic setting and reservoir 

properties of the numerous shale formations in India and Pakistan.  In addition, the shale basins 

in these two countries are geologically highly complex.   

Many of the basins in India, such as the Cambay and the Cauvery, comprised a series of 

extensively faulted horst and graben structures.  As such, the prospective areas for shale gas 

and oil in these basins are often restricted to a series of isolated basin depressions (sub-

basins).  While the shales in these basins are thick, considerable uncertainty exists on the areal 

extents of the prospective areas in these basins.  To account for this uncertainty, we have 

applied prospective area risk factors to each basin.  Figures XXIV-2 shows the stratigraphic 

column for the key basins of India.   

Recently, ONGC drilled and completed India’s first shale gas well, RNSG-1, northwest of 

Calcutta in West Bengal.  The well was drilled to a depth of 2,000 meters and reportedly had 

gas shows at the base of the Permian-age Barren Measure Shale.  Two vertical wells (Well D-A 

and D-B) were previously tested in the Cambay Basin and had modest shale gas and oil  

production from the Cambay Black Shale.1 

In Pakistan, the shale gas and oil assessment is restricted to the areally extensive 

Central and Southern Indus basins, together called the Lower Indus Basin.  The shales in this 

basin have sourced the significant volumes of conventional oil and gas discovered and 

produced in Pakistan.  However, to date, no shale specific exploration has been publically 

reported for Pakistan.  Figure XXIV-3 provides the stratigraphic column for the key basins of 

Pakistan. 

Fortunately, the technical literature on conventional oil and gas exploration in India and 

Pakistan often contains information on the nature of the source rocks that have charged the 

conventional gas and oil reservoirs, providing a valuable starting point for this resource 

assessment.  As additional shale-directed geological and reservoir information is collected and 

distributed, a more rigorous assessment of India’s and Pakistan’s shale oil and gas resources 

will emerge. 
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Figure XXIV-2.  Stratigraphic Column for India 
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Figure XXIV-3.  Stratigraphic Column for Pakistan 
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1. CAMBAY BASIN, INDIA 

1.1 Introduction and Geologic Setting 

The Cambay Basin is an elongated, intra-cratonic Late Cretaceous to Tertiary rift basin, 

located in the State of Gujarat in northwest India.  The basin includes four assessed fault 

blocks: Mehsana-Ahmedabad, Tarapur, Broach and Narmada, Figure XXIV-4.   

Figure  XXIV-4.  Depth of Cambay Black Shale, Cambay Basin  
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The Cambay Basin is bounded on its eastern and western sides by basin-margin faults 

and extends south into the offshore Gulf of Cambay, limiting its onshore area to 7,900 mi2.2 

The Deccan Trap, composed of horizontal lava flows, forms the basement of the 

Cambay Basin.  Above the Deccan Trap, separated by the Olpad Formation, is the Late 

Paleocene and Early Eocene Cambay Black Shale, Figure XXIV-5.3  The Cambay Black Shale 

represents the marine transgressive episode in the basin.  With a thermal maturity ranging from 

about 0.7% to 2%, the shale is in the oil, wet gas and dry gas windows.4   For purposes of this 

study, we have assumed that the oil window starts at 6,000 feet of depth, that the wet gas 

window starts at 11,000 feet, and that the dry gas window is below 13,000 feet of depth, Figures 

XXIV-6 and XXIV-7.  

Figure XXIV-5.  Generalized Stratigraphic Column of the Cambay Basin.  

 

Source: Silvan, 2008 
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Figure XXIV-6.  Cross Section of Cambay Black Shale System 

 

Source: Shishir Kant Saxena, 2007 

Figure XXIV-7.  N-S Geological Cross-Section Across Cambay Basin 

 

Source: P.K. Bhowmick and Ravi Misra,  Indian Oil and Gas Potential, Glimpses of Geoscience Research in India. 
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 The Cambay Basin contains four primary fault blocks, from north to south: (1) Mehsana-

Ahmedabad; (2) Tarapur; (3) Broach; and (4) Narmada (Sivan et al., 2008).3  Three of these 

blocks appear to have sufficient thermal maturity to be prospective for shale gas and oil, Table 

XXIV-3.5 

Table XXIV-3.  Major Fault Blocks and Shale Prospectivity of  Cambay Basin 

Fault Blocks Comments 

1. Mehsana-Ahmedabad Prospective for Shale Oil 

2. Tarapur  Prospective for Shale Oil and Wet Gas 

3. Broach Prospective for Shale Oil and Wet/Dry Gas 

4. Narmada Insufficient Data, Likely Immature 

 

 Mehsana-Ahmedabad Block.  Three major deep gas areas (depressions) exist in the 

Mehsana-Ahmedabad Block - - the Patan, Worosan and Wamaj.  A deep well, Well-A, was 

drilled in the eastern flank of the Wamaj Low to a depth of nearly 15,000 ft, terminating 

below the Cambay Black Shale.  In addition, a few wells were recently drilled to the Cambay 

Black Shale in the axial part of the graben low.  A high-pressure gas zone was encountered 

in the Upper Olpad section next to the Cambay Shale, with methane shows increasing with 

depth.  Geochemical modeling for this fault block indicates an oil window at 6,600 ft, a wet 

gas window at 11,400 ft, and a dry gas window at 13,400 ft.6   

 Broach and Tarapur Blocks.  The deeper Tankari Low in the Broach Block and the 

depocenter of the Tarapur Block appear to have similar thermal histories as the Mehsana-

Ahmedabad Block.  As such, we assumed these two areas have generally similar shale gas 

and oil properties as the Cambay Black Shale in the Mehsana-Ahmedabad Block. 

1.2 Reservoir Properties (Prospective Area) 

The depth of the prospective area of the Cambay Black Shale ranges from about 6,000 

ft in the north to 16,400 ft in the lows of the southern fault blocks, averaging 8,000 ft in the oil 

prospective area, 11,500 ft in the wet gas and condensate prospective area, and 14,500 ft in the 

dry gas prospective area.  Thermal gradients are high, estimated at 3oF per 100 feet, 

contributing to accelerated thermal maturity of the organics. 7  The Cambay Black Shale interval 

ranges from 1,500 to more than 5,000 ft thick in the various fault blocks.8  In the northern 
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Mehsana-Ahmedabad Block, the Kadi Formation forms an intervening 1,000-ft thick non-marine 

clastic wedge within the Cambay Black Shale interval.  In this block, the shale thickness varies 

from 300 to 3,000 ft, with the organic-rich shale thickness, located in the lower portion of the 

Cambay Black Shale interval, averaging 500 net ft, Figure XXIV-8. 

The organic matter in the shale is primarily Type II and Type III (terrestrial) with a TOC 

that ranges from 2% to 4%, averaging 2.6%, Figure XXIV-9.  The shale formation is moderately 

over-pressured and has low to medium clay content. 

Within the overall 1,940-mi2 Cambay Black Shale prospective area in the Cambay Basin, 

we estimate: a 580-mi2 area prospective for dry gas; a 300-mi2 area prospective for wet gas and 

condensate; and a 1,060-mi2 area prospective for oil, Figure XXIV-10. 

1.3 Resource Assessment 

The Cambay Black Shale has resource concentrations of: 228 Bcf/mi2 of shale gas in its 

580-mi2 dry gas prospective area; 170 Bcf/mi2 of wet gas and 19 million barrels/mi2 of 

condensate in the 300-mi2 wet gas/condensate prospective area; and 80 million barrels/mi2 of 

shale oil (plus associated gas) in the 1,060-mi2 oil prospective area. 

Within the overall 1,940-mi2 prospective area for the Cambay Black Shale in the Cambay 

Basin, we estimate a risked resource in-place of 146 Tcf for shale gas and 54 billion barrels for 

shale oil.  Based on moderate to favorable reservoir properties, we estimate that the Cambay 

Black Shale has 30 Tcf of risked, technically recoverable shale gas and 2.7 billion barrels of 

risked, technically recoverable shale oil, Tables XXIV-1A and XXIV-2A. 

1.4 Recent Activity 

Although the shales in the Cambay Basin have been identified as a priority by India, no 

plans for exploring these shales have yet been publically announced.  However, two shallower 

conventional exploration wells (targeting the oil-bearing intervals in the basin) penetrated and 

tested the Cambay Black Shale.  Well D-A, a vertical well, had gas shows in a 90-ft section of 

the Cambay Basin at a depth of about 4,300 ft.  After hydraulic stimulation, Well D-A produced 

13 bbl/day of oil and 11 Mcfd of gas.  Well D-B, an older vertical well drilled in 1989 to a depth of 

6,030 ft, also encountered the Cambay Shale at about 4,300 ft. The well was subsequently 

hydrofractured and produced 13 bbl/day of oil and 21 Mcfd of gas. 
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Figure  XXIV-8.  Gross Thickness of Cambay Black Shale, Cambay Basin 
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Figure  XXIV-9.  Organic Content of Cambay “Black Shale”, Cambay Basin  
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Figure XXIV-10.   Prospective Areas of the Cambay Black Shale, Cambay Shale Basin 

 



XXIV. India/Pakistan     EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XXIV-15  

2. KRISHNA-GODAVARI BASIN, INDIA 

2.1 Introduction and Geologic Setting 

The Krishna-Godavari Basin covers a 7,800-mi2 onshore area of eastern India, Figure 

XXIV-11.9  The basin contains a series of organic-rich shales, including the Permian-age 

Kommugudem Shale and the Triassic-age Mandapeta Shale.  For purposes of this assessment, 

these two shales have been combined into the Permian-Triassic Shale.  With thermal maturities 

ranging from 0.7% to 2% Ro, these shales are in the oil to dry gas windows. The Upper 

Cretaceous Raghavapuram Shale may also have potential but was not assessed by this study. 

 Figure XXI-11.  Krishna-Godavari Basin’s Onshore Horsts and Grabens 

 

Source: Murthy, 2011. 
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Permian-Triassic Shale.  The Kommugudem Shale, the lower unit of the Permian-

Triassic Shale, is a thick Permian-age rock interval containing alternating sequences of 

carbonaceous shale, claystone, sand and coal, Figure XXIV-12.  The Mandapeta Graben, the 

most extensively explored portion of the Krishna-Godavari Basin, provides much of the geologic 

and reservoir characterization data for this basin.10   

Figure XXIV-12.  Stratigraphic Column, Mandapeta Area, Krishna Godavari Basin 

 

Source: Kahn, 2000. 
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The Kommugudem Shale was deposited in fluvial, lower deltaic, and lacustrine 

environments.  While an effective source rock with excellent organic richness, analysis of the 

shale indicates hydrogen-deficient organic matter (based on low S2 values from pyrolysis) and 

high levels of primary inertinite.   

The basal shale in the Mandapeta Formation, the upper unit of the Permian-Triassic 

Shale, is a localized, thermally mature (Ro of 0.8% to 1.1%) Triassic-age shale that is 

considered the source rock for the oil produced from the overlying Early Cretaceous Golapalli 

Sandstone.  The Mandapeta Formation and its basal shale are present in the Mandapeta and 

Bantumilli grabens but are absent in the Poduru-Yanam High (Draksharama and Endamuru 

areas) to the east.  While the TOC of the Mandapeta Shale is generally low, 0.4% to 1.6%, we 

have included this Triassic shale unit into the overall Permian-Triassic sequence. 

Vitrinite reflectance of the Permian-Triassic Shale in the deep graben structures ranges 

from 0.7% to 2% Ro, placing the shale in the oil to dry gas windows.  Figure XXIV-13 illustrates 

the relationship of shale depth and geologic age in the Krishna-Godavari Basin to the thermal 

maturity (Ro) in two of the graben structures, Kommugudem (KMG) and Mandapeta (MDP).   

Figure XXIV-13.  Cross Section for Permian-Triassic Shale, Krishna Godavari Basin  

Source: Kahn, 2000. 
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2.2 Reservoir Properties (Prospective Area) 

In the prospective area of the Krishna-Godavari Basin, the depth of the Permian-Triassic 

Shale ranges from 4,000 to 16,400 ft, averaging 5,000 ft in the oil prospective area, 8,000 ft in 

the wet gas and condensate prospective area, and 13,000 ft in the dry gas prospective area. 

To better understand the source rock quality of the Permian-Triassic Shale, 140 m of 

shale was tested in 10 wells.  The data showed the TOC of the shale ranges up to 11%, 

averaging 6%, for ten rock samples taken at various depths, Table XXIV-4. 

Table XXIV-4.  Analysis of Ten Rock Samples, Kommugudem Shale11 

Well Depth  
(m) 

TOC  
(%) 

S2* 
Shale 

Interval Tested (m) 
AA-1 3,320-3,880 10.4 7.0 110 

AA-2 3,585-3,630 4.2 2.9 45 

AA-9 3,330-3,360 7.1 6.4 30 

AA-10 3,880-3,920 3.1 0.6 40 

AA-11 2,890-3,150 7.0 7.9 260 

BW-1A 3,915-4,250 5.6 0.8 335 

BW-2 2,970-3,085 8.8 5.5 115 

BW-2 3,100-3,175 7.8 6.0 75 

BW-9 2,800-3,040 11.2 6.9 315 

DE-1 1,900-2,040 8.9 13.9 120 
*Volume of hydrocarbon cracked from kerogen by heating to 550oC, measured in terms of mg hydrocarbon/g rock. 

The thickness of the shale ranges from 330 to 1,300 ft, with 100 to 390 ft of net organic-

rich shale, depending on prospective area.  The pressure gradient of the Permian-Triassic 

Shale is normal.  The reservoir is inferred to have moderate to high clay content based on its 

lacustrine deposition. We mapped an 8,000-mi2 prospective area for the Permian-Triassic Shale 

in the Krishna-Godavari Basin which encompasses the oil, wet gas/condensate and dry gas 

windows. 

Raghavapuram Shale.  The Cretaceous-age Raghavapuram Shale  offers an additional 

potential shale resource in the Krishna-Godavari Basin.  The TOC of this shale unit ranges from 

0.8% to 6.4%, with the lower HG-HR Shale interval of the Raghavapuram Formation having the 

higher TOC values, Figures XXIV-1412 and XXIV-15.12  The shale becomes thermally mature for 

oil (Tmax 440 to 475o C) at depth below 10,600 ft.21  
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Figure XXIV-14.  TOC Cross-Section for Raghavapuram Shale, Krishna-Godavari Basin  

 
Source: Prasad, I.V.S.V., 2012.    
 

Figure XXIV-15.  TOC Isopach for Raghavapuram Shale, Krishna-Godavari Basin 

Source: Prasad, I.V.S.V., 2012.    
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However, the great bulk of the Cretaceous Raghavapuram Shale is shallower than 

10,600 ft and thus has a thermal maturity (Ro) value less the 0.7% minimum threshold used by 

this study.  In addition, the data on the area and vertical distribution of the Raghavapuram Shale 

is limited.  Thus, this shale has not been included in the quantitative portion of our shale 

resource assessment. 

2.3 Resource Assessment 

The 8,000-mi2 prospective area of the Permian (Kommugudem) and Triassic 

(Mandapeta) Shale in the Krishna-Godavari Basin is limited to the four grabens (sub-basins) 

shown in Figure XXIV-16.  The Permian-Triassic Shale has resource concentrations of: 205 

Bcf/mi2 in the 3,000-mi2 dry gas prospective area; 58 Bcf/mi2 of wet gas and 6 million barrels/mi2 

of condensate in the 3,900-mi2 wet gas/condensate prospective area; and 18 million/mi2 barrels 

of oil (plus associated gas) in the 1,100-mi2 oil prospective area. 

Within the overall prospective area, the Permian-Triassic Shale of the Krishna-Godavari 

Basin has risked shale gas in-place of 381 Tcf, with 57 Tcf as the risked, technically recoverable 

shale gas resource.   In addition, we estimate a risked shale oil in-place for this basin of 20 

billion barrels, with 0.6 billion barrels as the risked, technically recoverable shale oil resource, 

Tables XXIV-1A and XXIV-2A. 

2.4 Recent Activity 

The technical literature discusses 16 wells that have been drilled at the Mandapeta 

Graben into or through the Permian-Triassic Shale in search for hydrocarbons in conventional 

Mandapeta and Gollapalli sandstone reservoirs.  The information from these 16 wells has 

provided valuable data for the key cross-sections and other reservoir properties essential for the 

shale resource assessment study of the Krishna-Godavari Basin.   



XXIV. India/Pakistan     EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XXIV-21  

Figure XXIV-16.  Prospective Areas for Shale Gas and Shale Oil, Krishna-Godavari Basin 
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3. CAUVERY BASIN, INDIA 

3.1 Introduction and Geologic Setting 

The Cauvery Basin covers an onshore area of about 9,100 mi2 on the east coast of 

India, Figure XXIV-17.  The basin comprises numerous horsts and grabens, with thick organic-

rich source rocks in the Lower Cretaceous Andimadam Formation and Sattapadi Shale. 

Figure XXIV-17.  Cauvery Basin Horsts and Grabens 
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The gas- and oil-prone shale source rocks in the Cauvery Basin are the Lower 

Cretaceous Andimadam Formation and the Sattapadi Shale, Figure XXIV-18.  The shale 

resource prospective area of the Cauvery Basin is limited to four depressions (troughs) - - 

Nagapattnam, Tranquebar, Ariyalur-Pondicherry  and Thanjavur - - and the Mannar Sub-basin.    

The source rocks are generally shallow marine Type III with some Type II kerogen.  The 

thermally mature source rocks in the shallower Sattapadi Shale and the deeper Andimadam 

Formation contain thermogenic wet gas and condensate.13  

Figure  XXIV-18.  Generalized Stratigraphy, Cauvery Basin15 

 

Source: Rao, 2010. 
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3.2 Reservoir Properties (Prospective Area) 

We have identified a 1,010-mi2 wet gas and condensate prospective area for the shales 

in the Cauvery Basin.  The thickness of the Lower Cretaceous interval is 3,000 to 5,000 ft, with 

the Andimadam Formation and the Sattapadi Shale accounting for the bulk of the gross interval, 

Figure XXIV-19.  The TOC of the combined Andimadam/Sattapadi Shale is estimated at 2% to 

2.5%, averaging 2.3%.  The organic shales are distributed irregularly over the Cauvery Basin, 

Figure XXIV-20. 

Figure XXIV-19.  Formation Thickness, Cauvery Basin  

 

Source: P.K. Bhowmick and Ravi Misra,  Indian Oil and Gas Potential, Glimpses of Geoscience Research in India 
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Figure XXIV-20.  Shale Isopach and Presence of Organics, Cauvery Basin 

 



XXIV. India/Pakistan     EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XXIV-26  

The Cauvery Basin contains a series of depressions (sub-basins) that hold potential for 

shale gas.  Two of these - - Ariyalur-Pondicherry and Thanjavur - - contain thick, thermally 

mature shales. 

 Ariyalur-Pondicherry  Sub-Basin.  The Ariyalur-Pondicherry Depression (Sub-basin) is in 

the northern portion of the Cauvery Basin.  The Lower Cretaceous Andimadam and 

Sattapadi Shale encompasses a thick interval at a depth of 7,000 to 13,000 ft, averaging 

10,000 ft.  Organic-rich gross pay thickness is 1,000 ft with net pay of about 500 ft. The 

thermal maturity of 1.0% to 1.3% Ro places the shale in the wet gas and condensate 

window.  The onshore prospective area of this sub-basin is estimated at 620 mi2, Figure 

XXIV-21. 

 Thanjavur Sub-Basin.  The Thanjavur Depression (Sub-basin), in the center of the Cauvery 

Basin, has a thick section of Andimadam and Sattapadi Shale at a depth of 7,000 ft (top of 

Sattapadi Shale) to 13,000 ft (base of Andimadam Fm), averaging 9,500 ft deep, Figure 

XXIV-22.  The organic-rich average net pay thickness is 500 ft.15  Given limited data, we 

assume the TOC and thermal maturity for the shale in this sub-basin is the same as in the 

Ariyalur-Pondicherry Sub-basin.  The onshore prospective area with thick organic-rich shale 

is small, estimated at 390 mi2, Figure XXIV-21. 

3.3 Resource Assessment 

In the 1,010-mi2 prospective area of the Cauvery Basin, the combined Andimadam 

Formation and Sattapadi Shale have an average wet shale gas resource concentration of 120 

Bcf/mi2 and a shale condensate resource concentration of 30 million barrels/mi2.   

For the combined Andimadam Formation and Sattapadi Shale in the Cauvery Basin, we 

estimate risked shale gas in-place of 30 Tcf and risked shale oil in-place of 8 billion barrels.  Of 

this, 5 Tcf of shale gas and 0.2 billion barrels of shale oil are the risked, technically recoverable 

shale resources. 

3.4 Recent Activity 

We are not aware of any shale gas or oil development in the Cauvery Basin.  
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Figure XXIV-21.  Prospective Areas for Shale Gas and Shale Oil, Cauvery Basin 
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Figure XXIV-22. East to West Cross-Section Across Cauvery Basin.15  

 

Source: Rao, 2010.
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4. DAMODAR VALLEY BASIN, INDIA 

4.1 Introduction and Geologic Setting 

The Damodar Valley Basin is part of a group of basins collectively named the 

“Gondwanas”, owing to their similar dispositional environment and Permo-Carboniferious 

through Triassic deposition. The “Gondwanas,” comprising the Satpura, Pranhita-Godavari, 

Son-Mahanadi and Damodar Valley basins, were part of a system of rift channels in the 

northeast of the Gondwana super continent.  Subsequent tectonic activity formed the major 

structural boundaries of the Gondwana basins, notably the Damodar Valley Basin, Figure XXIV-

23. 

Figure XXIV-23. Damodar Valley Basin and Prospectivity for Shale Gas and Shale Oil 

 

 



XXIV. India/Pakistan     EIA/ARI World Shale Gas and Shale Oil Resource Assessment 
 

 
June, 2013 XXIV-30  

Sedimentation in the Early Permian was primarily glacial-fluvial and lacustrine, resulting 

in significant deposits of coal. As such, the majority of exploration in the Damodar Valley has 

focused on the coal resources of the basin, which account for much of India’s coal reserves. 

However, a marine incursion deposited a layer of early Permian Shale, called the Barren 

Measure Shale in this basin, Figure XXIV-2414. This shale formation was the target of India’s 

first shale gas exploration well in the eastern portion of the Damodar Valley. Though present in 

other Gondwana basins, such as the Rewa Basin, in central India, data suggest that the Barren 

Measure Shale is only thermally mature in the Damodar Valley Basin.15 

Figure XXIV-24.  Regional Stratigraphic Column of the Damodar Valley Basin, India16. 

1 Kilometer 
Depth Line

Barren Measure

 

  Source: Chakraborty, Chandan, 2003. 

The Damodar Valley Basin comprises a series of sub-basins (from west to east) - - the 

Hutar, Daltonganj, Auranga, Karanpura, Ramgarh, Bokaro, Jharia and Raniganj. Though these 

sub-basins share a similar geologic history, tectonic events and erosion since the early Triassic 

have caused extensive variability in the depth and thickness of the Barren Measure Shale in 

these basins. 
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Because exploration has focused on the coal deposits within the Damodar Valley Basin, 

relatively little geologic data is available on the Barren Measure Shale. Thermal maturity data on 

coals adjoining the Barren Measure Shale suggest that the shale is within the wet 

gas/condensate (Ro of 1.0% to 1.3%) window, and regional studies have shown favorable TOC, 

with average values of 3.5%.   

Present-day burial depth and lower pressures are the main limitations for the shale gas 

and condensate prospectively of the Barren Measure Shale in the Damodar Valley Basin. In 

some sub-basins, regional erosion has removed up to 3 kilometers of overlying sediments.   

Based on the regional stratigraphic column, Figure XXIV-25,17 and operator data, the 

overall 1,080-mi2 prospective area for the Barren Measure Shale in the Damodar Valley is 

limited to the Bokaro, Karanpura and Raniganj sub-basins.   

The prospective areas within the Bokaro (110 mi2) and Raniganj (650 mi2) sub-basins 

are limited by surface outcrops of formations of the Barren Measure Shale to the west and 

north, respectively. We have estimated a 320-mi2 prospective area for the northern half of the 

Karanpura Basin, based on statements by Schlumberger and ONGC.18 

4.2 Reservoir Properties (Prospective Area) 

Absent data on thermal maturity and organic content specific to each of the three sub-

basins, we assigned average published reservoir property values to these three sub-basins. 

TOC is assumed to range between 3% and 6% averaging 3.5%, based on information from 

INOC and ESSAR.19,20 Thermal maturity was estimated from the coal formations surrounding 

the Barren Measure Shale, indicating values of 1.1% to 1.3% Ro, placing the shale within the 

wet gas/condensate window.21  Depth to the Barren Measure Shale averages about 5,000 ft, 

based on reports from the shale gas well drilled into the Raniganj sub-basin and from regional 

cross sections, Figure XXIV-26.  We estimate a weighted average gross interval thickness in the 

three prospective sub-basins of about 2,000 ft, of which about 1,000 ft is organic-rich and 250 ft 

is net shale.17 
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Figure XXIV-25.  Generalized Stratigraphic Column of the Gondwana Basin.  

 

Source: Veevers, J., 1995 
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Figure XXIV-26.  Raniganj Sub-Basin Cross Section.22  

Barren Measure Shale

A A’

 

Source:  Ghosh, S. C, 2002. 

4.4 Resource Assessment 

Using the geologic characteristics discussed above, we estimate that the Barren 

Measure Shale in the Damodar Valley Basin has a wet shale gas resource concentration of 63 

Bcf/mi2  and a shale condensate resource concentration of 12 million barrels/mi2. 

Risked shale gas in-place is estimated at 27 Tcf, with the prospect area risk factor 

recognizing the significant faulting present in the basin. We estimate 5 Tcf of risked shale gas 

may be technically recoverable from the Barren Measure Shale in the Damodar Valley Basins.  

In addition, we estimate risked shale oil in-place of 5 billion barrels, with 0.2 billion barrels as the 

risked, technically recoverable shale oil resource. 
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4.4 Recent Activity 

Along with the Cambay Basin, the Damodar Valley Basin has been set as a priority 

basin for shale gas exploration by the Indian government. In late September 2010, Indian 

National Oil and Gas Company (ONGC) spudded the country’s first shale gas well, RNSG-1, in 

the Raniganj sub-basin of the Damodar Valley. The well was completed mid-January 2011, 

having reportedly encountered gas flows from the Barren Measure Shale at approximately 

5,600 ft. Detailed well test and production results are not publicly available.   This well was the 

first of a proposed four-well R&D program in the basin. The plan calls for an additional well to be 

drilled in the Raniganj sub-basin and for two wells to be drilled in the Karanpura sub-basin.  
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5. OTHER BASINS, INDIA 

5.1 Upper Assam Basin 

The Upper Assam Basin is an important onshore petroleum province in northeast India.  

The basin has produced oil and some associated gas, mainly from the Upper Eocene-Oligocene 

Barail Group of coals and shales.  In general, the TOC in the lower source rocks ranges from 

1% to 2% but reaches 10% in the Barail Group.  These source rocks are in the early thermal 

maturity stage (beginning of the oil window) in the bulk of the Upper Assam Basin.23  Although 

the shales may reach thermal maturity for oil and gas generation in the deeper parts of the 

basin, toward the south and southwest, no data confirming this assumption exists in the public 

domain.  The reported thermal maturity of the Barail Group Shale ranges from Ro of 0.5% to 

0.7%, placing these shales as immature for oil.24  While the shale may reach the oil and wet gas 

window in the very deepest portion of the basin, the measured vitrinite reflectance is reported at 

only 0.7% at a depth of 14,800 ft.25 

5.2 Pranhita-Godavari Basin 

The Pranhita-Godavari Basin, located in eastern India, contains thick, organic-rich 

shales in Permian-age Jai Puram and Khanapur formations.  While the kerogen is Type III 

(humic) and thus favorable for gas generation, the 0.67% Ro indicates that the shales are 

thermally immature. 

5.3 Vindhyan Basin 

The Vindhyan Basin, located in north-central India, contains a series of Proterozoic-age 

shales.  While certain of these shales, such as the Hinota and Pulkovar, appear to have 

sufficient organic richness, no public data exists on their thermal maturity. 

5.4 Rajasthan Basin 

The Rajasthan Basin covers a large onshore area in northwest India.  The basin is 

structurally complex and characterized by numerous small fault blocks.  The Permian-age 

Karampur Formation is the primary source rock in this basin.  While the source rock is Type III 

and classified as mature, only limited data are available on the reservoir properties of this shale. 
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6. LOWER (SOUTHERN AND CENTRAL) INDUS BASINS, PAKISTAN 

6.1 Introduction and Geologic Setting 

The Southern and Central Indus basins (Lower Indus Basin) are located in Pakistan, 

along westerns border with India and Afghanistan.  The basins are bounded by the Indian 

Shield on the east and highly folded and thrust mountains on the west, Figure XXIV-27.26   

The Lower Indus Basin has commercial oil and gas discoveries in the Cretaceous-age 

Goru Fm sands plus additional gas discoveries in shallower formations.  The shales in the 

Sembar Formation are considered as the primary source rocks for these discoveries.    While oil 

and gas shows have been recorded in the Sembar Shale on the Thar Platform, as of yet no 

productive oil or gas wells have been drilled into the Sembar Shale.27 

Figure XXIV-27.  Outline for Southern and Central Indus Basin, Pakistan 
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Sembar Shale.  The Lower Cretaceous Sembar Formation is the main source rock in 

the Lower Indus Basin.  The Sembar contains shale, silty shale and marl in the western and 

northwestern portion of the basin and becomes sandy in the eastern part of the basin.  The 

kerogen within the Sembar Formation is mostly Type II with some Type III. 

The Lower Indus Basin covers a massive 91,000-mi2 area of western Pakistan.  Within 

this large basin area, for the Sembar Shale, we have identified a 31, 320-mi2 prospective area 

for dry gas (Ro >1.3%), a 25,560-mi2 prospective area for wet gas and condensate (Ro between 

1.0% and 1.3%), and a 26,700-mi2 prospective area for oil (Ro between 0.7% and 1.0%).  To 

account for the limited data on the Sembar Shale in this large basin area, we have highly risked 

the prospective areas and the likelihood of development success. 

The eastern boundary of the prospective area of the Sembar Shale in the Lower Indus 

Basin is the minimum thermal maturity criterion of Ro 0.7%.  The northern and western 

boundaries of the prospective area are set by the limits of Sembar Formation deposition and 

depth.  The southern boundary of the prospective area is the offshore. 

Ranikot Formation.  The shales in the Paleocene Ranikot Formation are primarily in the 

upper carbonate unit which consists of fossiliferous limestone interbedded with dolomitic shale, 

calcareous sandstone and “abundant” bituminous material.  The upper unit was deposited in a 

restricted marine environment.  West of the Karachi Trough axis, the Ranikot Formation 

becomes dominantly shale (Korara Shale) with deep marine deposition. 

Within the southern portion of the Lower Indus Basin, we have identified 26,780-mi2 for 

the Ranikot Shale that appears to be prospective for oil (Ro of 0.7% to 1.0%).  The eastern, 

northern and western boundaries of the Ranikot Shale prospective area are set by the 300 m 

isopach contour; the southern boundary of the prospective area is the offshore. 
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6.2 Reservoir Properties (Prospective Area) 

Sembar Shale.   The Sembar Formation was deposited under open-marine conditions.27 

In the prospective area of the Lower Indus Basin, the thickness of the Sembar Shale ranges 

from 1,000 to over 2,000 ft, Figure XXIV-28. We identified an organic-rich interval 1,000 ft thick 

with a net shale thickness of 250 ft.  We estimate TOC of approximately 2% and an Ro of 1.0% 

to 1.6%. The Sembar Shale, in the shallower portions of the Lower Indus Basin, is in the oil and 

wet gas windows, with the lower limit of the oil window at about 4,000 ft and the wet 

gas/condensate window at 6,000 to 10,000 ft.27  In the deeper portions of the basin below 

10,000 ft, the Sembar Shale enters the dry gas window. 

Figure XXIV-28.  Isopach of Sembar Shale, Lower Indus Basin, Pakistan26 
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The thermal gradients in the basin increase from east to west, from 1.31oF/100 ft on the 

Thar Slope in the east to 2.39oF/100 ft in the Karachi offshore in the west.  The average thermal 

gradient in the basin is 2.1oF/100 ft.  The Sembar Shale appears to have low clay content.  

Ranikot Formation.  The prospective area of the Ranikot Formation has a thickness of 

1,000 to 3,000 ft, with a net shale thickness of 200 ft, Figure XXIV-29.  We assume 2% TOC 

and a thermal maturity of 0.7% to 1.0% Ro, placing the Ranikot Shale in the oil window. 

Figure XXIV-29.  Isopach of Ranikot Formation, Southern Indus Basin, Pakistan26 
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6.3 Resource Assessment  

 Within the 31,320-mi2 dry gas prospective area, the Sembar Shale in the Lower Indus 

Basin has a resource concentration of 83 Bcf/mi2.  Within the 25,560-mi2 wet gas and 

condensate prospective area, the Sembar Shale has resource concentrations of 57 Bcf/mi2 of 

wet gas and 9 million barrels/mi2 of condensate.  Within the 26,700-mi2 oil prospective area, the 

Sembar Shale has a resource concentration of 37 million barrels/mi2. 

Within the overall prospective area of the Lower Indus Basin, the Sembar Shale has 

risked shale gas in-place of 531 Tcf, with 101 Tcf as the risked, technically recoverable shale 

gas resource.  In addition, the Sembar Shale has 145 billion barrels of shale oil in-place, with 

5.8 billion barrels as the risked, technically recoverable shale oil resource.  

Within its 26,780-mi2 wet gas and condensate prospective area, the Ranikot Shale has 

resource concentrations of 17 Bcf/mi2 of wet gas and 25 million barrels/mi2 of shale 

oil/condensate.  Within this prospective area of the Lower Indus Basin, the Ranikot Shale has 

55 Tcf of risked shale gas in-place and 82 billion barrels of risked shale oil in-place.  The risked, 

technically recoverable shale resources of the Ranikot Shale are 4 Tcf of wet shale gas and 3.3 

billion barrels of shale oil/condensate. 

6.4 Recent Activity 

No publically available data has been reported on shale gas exploration or development 

for the Lower Indus Basin of Pakistan. 
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