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Why Study Global Super Basins?

“| suggest that the
best geologist Is
he/she who has seen
the most rocks.”

— Herbert Harold
Read (Imperial
College)




Top Super Basins-Lessons for all basins
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Source: IHSMarkit, Super Basins — The basins that keep on giving, Sept. 2016. Leta K. Smith, Pete Stark, Bob Fryklund

Top 25 global
“Super Basins”

Cumulative production
and remaining oil and gas
both > =5 billion boe

Multiple source rocks /
petroleum systems

Infrastructure, services,
ecosystems and supply
chains

Special Thanks to Bob
Fryklund, Pete Stark,
Jerry Kepes and IHS
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Presentation Notes
Location of 25 global “Super Basins” with cumulative production and remaining conventional technically recoverable oil and gas both  >= 5 billion boe,  multiple source rocks / petroleum systems plus established infrastructure, services and supply chains
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“Big Continent, Big ldeas and Big Opportunities”

Theme for this conference

MARKET ISSUES

Africa has been called the ‘leap-frog continent'.

Africa is Big, Africa needs energy, Africa has favorable
energy basins (passive margin and rift)




Onshore Unconventional Analog Super Basin

Permian Basin Liquid Production
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Taking Geoscience to Greater Heights
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Presentation Notes
It is not just the Permian Basin…Let us look to the future!
New looks at the worlds richest “mature” basins 
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PERMIAN BASIN:
DEVONIAN
MATURITY AND
PRODUCTION

Devonian is in the oil or wet
gas window over most of the
Permian Basin, with dry gas
in the deeper Delaware Basin

This maturity over a broad
area is due to the broad
Permian Basin subsidence
after ARM tectonics.

(Jarvie et al., 2017)



Permian Basin, W. Texas
Prototype Super Basin (Onshore, Unconventional)

WEST TEXAS BASIN BEND FORT WORTH BASIN
Delaware --- Midland ARCH

Central Basin oil reservoirs

Big structures and overlying platform Atoka (Bend)

gas reservoirs

Cretaceous cover

Penn-Perm oil reservoirs
oil migrating from Midland Basin
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in oil window Barnett -
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is overmature

1) Four source zones; three low in pile (Simpson, Woodford, Barnett)
2) Maturation due to Permian subsidence for most of basin
3) Late salt seal reduces leakage; Permo-Triassic generation products preserved

Slide courtesy of Tom Ewing, 2017
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Presentation Notes
Geology Matters! Source rock, stratigraphy, basin geometry. Geoscience provides the container, context and boundaries to the discussion
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Offshore Conventional Analog Super Basin
Brazil Santos or Campos Pre Salt

B Campos Basin [l Santos Ba
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Africa Production significant and increasing

Qil Reserves in Africa 1980 to present

O Cther Africa
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Why study all super basins:

« Compare and contrast commonalities for actionable insights for
gquantum “leap frog” gains

e Think 3D: volumetric richness (one target plays like
Appalachians or Williston vs many stacked targets like Permian,
California, Anadarko; maps and cross sections helpful

* Think 4D (time): critical moments required for every basin
e Basin Mastery requires 10,000 hours or more of study

e Learn from Basin Masters early in career to build on Heritage
» (Grad student Course, U of H, work in-house with industry experts)



Foundations

» Active world class petroleum systems, reservoirs, traps

 Structural Settings, Passive Margins and Rift and Continental basins
hold 66% of worlds +/- 1,000 giant fields (Mann, 2003)

 Structural uplifts and pressure cells
« Unevenly uplifted (tilted) basins can produce residual oil zones

o Stratigraphic Traps: mature basins produce 20-40% from stratigraphic
traps, Saudi Arabia in under represented with 95% structural traps

 In Situ, hybrid, migrated resource play
 Resource Play mineralogy
e Infrastructure and commonalities




Global Experts on the Largest Basins

Who are the future global experts?




Inaugural AAPG Global Super Basin Leadership Conference
March 2018 Houston

Onshore

Permian

Chicontepec Tampico Misantla,
Mexico

Neuquén Basin, Argentina
GOM onshore

Western Canada

Williston Basin
Appalachian Basin

Middle East

West Siberia

Anadarko Basin

Offshore and Hybrid

GOM Deepwater
Brazil Pre Salt
Norwegian North Sea
North Sea Rift
Alaska N. Slope
North Africa

West Africa
East Africa
South Africa




AAPG Super Basins Forum: Nov 4-7 Cape Town

“Africa and Middle East, Big Basins, Big Successes and More to find”

Co-Chairs:

Charles A. Sternbach, AAPG Past President (2017-18) & Nosa Omorodion, Director, Nigerian Independents, f i

Schlumberger _ *ﬁ'&‘ ', a;u ey o : .

Invited Speakers: Cape Town International Convention Centre

Exploration Creativity in the Golden Age of Super Basins and What AAPG is Doing About Them: Charles

A. Sternbach, AAPG Past President (2017-18)

Giant Basins of Africa: The More We Explore the More We Find: Adebayo Akinpelu, Managing ‘
Consultant, Fixital

North Africa - A Rejuvenated Super Basin: Andrea Cozzi, Vice President, Exploration North/East Africa ‘
and Middle East, ENI

East Africa and Mozambique, Waking a Sleeping Super Basin: Brian Russel Frost, Distinguished -
Geophysical Advisor, International New Ventures, Anadarko Petroleum Corporation International Con fer:é(tl Cc j Bition
Basins and Petroleum Systems of the Middle East: Sa'id Al Hajri, Manager, Geological Operations IR Jf»
Department, Saudi Aramco r
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West
Africa

Heine et al., 2013

AFRICA L
Aptlan marine transgressmn (salt)

SOUTH AMERICA

Legenda:
[ Apiian Salt Basin (Marine Restricted) I  Microbial Carbonate Platforms (Lacustrine)

1 sin-Rift Successions I Farana Large Igneous Pravince (LI

| source Rocks ¢ Coguina Carbonate
Flatforms {Lacustring)

Stretched Crust

* Santos Basin

Legenda:
FH - Florianopalis High

TCHS - Trist3o da Cunha Haot Spot
AFTF?Y - Agulhas-Falkland Transform Fault Zone

Aptian Salt Basin (Marine Restricted)
Microbial Carbonate Platforms (Lacustrine

Source Rocks / Coquina Carbonate
Platforms (Lacustrine)

Parana Large lgneocus Province (LIP)

Stretched Crust

Fre-Paleozoic Rocks




Angola

Mirror Image Potential Being Tested Across the Atlantic

Brazil
Santos & Campos Basins

Angola
Kwanza Basin

A Tupi Discovery

West a0
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AAPG Discovery Thinking Forum

The Pre-salt play was proven onshore and within shallow water
areas of the West African margin

Post-Salt oil fields in shallow waters of the Campos and Congo
basins known to be sourced from Pre-salt source rocks

Cobalt estimated the West Africa Pre-salt play contained 20+ BBOE

of total Pre-salt potential with significant volumes yet to find

Cobalt began evaluating the viability of extending the Pre-salt play

into underexplored deepwater basins along the margin

In July of 2006 there were indications that Petrobras and BG's
initial Tupi well had positively identified oil within Pre-salt

reservoirs Shinol, 2015 Cobalt

June, 2015 T
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Figure 3. lvorian—Tano Basin major structural elements. (Modified from Dailly et al, 2013.)

Figure 18. North—south line showing Mahogany 1 location and pinch out of Mahogany fan to the north. (Modified from Dal I |y’ et al : 20 17 Chapter 14 |n G |ant Flelds’ M errl ” and Stern baCh

Jewell, 2011.)




@ Mature kitchen/source rock strat traps
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Figure 21. Caim and Kosmos discoveries of fan. channel and other traps, offshore Senegal.

Dolson, He, and Horn, June 2018




North Africa and Middle East
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Mediterranean-scale Geological Section through the offshore Nile Delta

Nile Eratosthenes Sea Mount Levantine A’
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o Clastic
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Leviathan Tamar
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Section Location [notional)

@ Gas discovery
Jonathan Craig and Andrea Cozzi, 2017

Discovery Thinking Forum AAPG ICE London n‘



REPIFOL

Algeria Shale Gas Potential
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Offshore Mozambique :
Wildcat Success Story Am?a::' aﬂ?

. W, ~2.6 MM Gross Acres

+ 4 Major Discoveries

' eLagosta - 550 Net Feet of Pay
¢Barquentine - 416 Net Feet of Pay
eWindjammer - 555 Net Feet of Pay
»Tubarao - 110 Net Feet of Pay

« 2011 Planned Activity

¢Dedicated Rig

vAdd Second Rig in Q4

¢ Appraise Discoveries
¢Continue Exploration Program

 Robust Exploration Inventory

:;J ANADARKO WI BLOCK Carol Law, 2011
e DASDRCOERY AAPG Discovery

— EXISTING 3D SEISMIC Thinking presentation




Windjammer Palma FB Thrust Play/\nadarip'

Mogambique Area 1, Lda

Windjammer Prospect Carol Law, 2011

AAPG Discovery
Thinking presentation




South Africa
USGS Sub-Saharan P50 assessments

In inland Karoo

» 23.5 TCF shale gas in Karoo Basin (Whitehill-Collingham and Prince
Albert SOUFC@S] Permian Age source rocks, Permian Basin 2.0??

» 8 TCF CBM outside strict Karoo (foreland) Basin (Botswana-Zambia-
=iia]

In coastal basins and CARS/CASZ (MZ+CZ reservoirs)

» 104 BBO conventional all
» 645 TCF conventional reservoirs)

Jim Granath et al, 2017
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Triassic
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Upper Jurassic Stanleyville Group and Lower Cretaceous Loia Group have up to 25% TOC and 900mg HC/gCorg
Type 1 and Type 1 & 2 kerogens, respectively; Sachse et al 2012 AAPG Bulletin



Resources for Explorers: AAPG Bulletin Articles

AAPG Bulletin Super
Basin 1

Charles A. Sternbach, President of AAPG
(2017/2018)
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New AAPG Book on Giant Fields; Another Coming!

Chapter 10

' ™
AAPG Memoir m Fafited By R K, Mamif snd €. A, Stermbach Libra: A Newborn Giant in the Brazilian Presalt Province

Marco Antonio Carlotto, Rodrigo Correia Baptista da Silva, Arlindo Akio Yamato, Wagner Luz Trindade,

. - Jobel Lourenco Pinheiro Moreira, Ricardo Augusto Rosa Fernandes, Orlando José Soares Ribeiro, Wenceslau
G I a nt F I e I d s 0 th e Peres Gouveia Jr., Julien Philippe Carminati, Deng Qicai, Zhao Junfeng, and Augusto Carlos da

Silva-Telles Jr.

Chapter 11
Breaking Barriers and Paradigms in Presalt Exploration: The Pao de Agucar Discovery
(Offshore Brazil)
Pedro Henrigue Vieira de Luca, Hugo Matias, José Carballo, Diana Sineva, Gustavo Antunes Pimentel, Jordi Tritlla,
Mateu Esteban, Rubén Loma, José Luis Algibez Alonso, Ricardo Perona Jiménez, Matthieu Pontet, Pedro Bonillo
Martinez, and Victor Vega

Chapter 12
The Discovery Process behind the Giant Johan Sverdrup Field
Hans Chr Rennevik, Arild Jorstad, and Jan Erik Lie

Chapter 13
The Tamar Giant Gas Field: Opening the Subsalt Miocene Gas Play in the Levant Basin
Daniel L. Needham, Henry S. Pettingill, Christopher ]. Christensen, Jonathan ffrench, and Zvi (Kul) Karcz

Chapter 14
The Jubilee Field, Ghana: Opening the Late Cretaceous Play in the West African
Transform Margin
Paul Dailly, Tracey Henderson, Kathy Kanschat, Phil Lowry, and Stephen Sills

Chapter 15
The Windjammer Discovery: Play Opener for Offshore Mozambique and East Africa
Tom Fletcher

= Norway




Plans For Super Basin Programs

« March 27-29, 2018 Inaugural AAPG Global Super Basin Leadership Conference
« May 21 2018 Super Basin Forum at AAPG (ACE) Salt Lake City, Utah
e June 13 2018 EAGE: Europe, North Sea and North Africa super basins
e August 22, 2018 Conjugate Margins Conference, Halifax CA
e Sept. 11 2018 HGS Africa Conf., Super Basins African Perspective (TODAY)
e Oct. 3, 2018 INGEPET, Lima Peru, Super Basins Latin America Basins
November 4-7, AAPG (ICE) Africa and Middle East Basins, Cape Town South Africa
January 2019, AAPG, Permian Prototype Super Basin, Houston, TX
March 3-5 2019 Hedberg on Petroleum Systems, Houston TX
May 25, 2019, AAPG (ACE) Global super basins session, San Antonio TX
June 3-6, 2019 EAGE, London GB, Embrace Change - Creativity for the Future
November 2019 AAPG (ICE), Buenos Aires, Argentina, Latin American Super Basins



Future for Industry and AAPG

e Super Basins are important
* The top 25 basins alone may add 800+ Billion Bbls
e Studying the worlds greatest basins helps all basins

 Skills and techniques apply globally,

« Hydraulic fracturing horizontal wells in unconventional
mainly onshore basins

e Enhanced seismic imaging in conventional offshore basins
* Energy, Environment, Economy, Security, Sustainability
e Thanks to Geoscientists for playing a key role


Presenter
Presentation Notes
The work that petroleum professionals do in the Permian Basin reverberates around the world. As AAPG thinks about refining its relevance, geologists play a key role.
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