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Top Super Basins-Lessons for all basins

Estimated Technically Recoverable — 860 Bboe
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Source: IHSMarkit, Super Basins — The basins that keep on giving, Sept. 2016. Leta K. Smith, Pete Stark, Bob Fryklund

Top 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, IHS




Giant Fields by Trap Type and Super Basins

60% of giant fields
occur in 5% of the
petroleum basins

There are about 1,000 giant
fields and just under 1,000
petroleum bearing basins.

How can geoscience
attributes like structural
setting and source, timing,
reservoir, and seal
architectures anticipate
future energy?

Special Thanks to Lei Sun, and
Paul Mann, U of H
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Why Study Global Super Basins?

‘| suggest that the best
geologist has seen the
most rocks.”

— Herbert Harold Read .
(Imperial College) f




Inaugural AAPG Global Super Basin Leadership Conference
March 2018 Houston

Onshore
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Global Experts on the Largest Basins

Who are the future global experts?




AAPG Super Basin Initiative:

 Architecture: at least one (or more) major petroleum systems (preferably
low in stratigraphic section, basin fill and clinoforms, regional seal

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

* Think 4D (time): critical moment of charge, structural uplifts

 Value Innovation: Progressing from technical mastery to commercial
mastery increasing value and reducing costs (supply chain mastery)

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



Permian Basin —"super basin” prototype architecture
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* More than 5 billion Boe cumulative production
* More than 5 billion Boe remaining production
* Multiple source rocks — petroleum systems

« An assemblage of conventional, shale
(continuous) "and tight-non-continuous
reservoirs

« Stacked pays
« Established infrastructure — access to markets
« Established service sector & supply chains

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;

Source: IHSMarkit, Super Permo-Triassic generation products
Basins — The basins that keep reserved

on giving , Sept. 2016. Leta K. P

Smith, Pete Stark, Bob Fryklund




THE TWO LARGEST U.S. OIL SHALE PLAYS Commercial efficiency of tall pay columns

Delaware || Midland
Basin Basin
Avalon Shale Clear Fork
15t Bone Spring
2™ Bone Spring M. Spraberry
JoMill
3*d Bone Spring L. Spraberry
Wolfcamp A / Wolfcamp A
X-Y Sands
Wolfcamp B Wolfcamp B
Wolfcamp D Wolfcamp D
“Cline”
Scott Sheffield, 2018
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Delaware Basin

~15 BBOE recoverable
resource potential

Estimates indicate
similar resource
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Onshore Unconventional Analog Super Basin

Permian Basin Liquid Production

900,000,000 Permian Basin
00,000,000 Prototype
700,000,000 - =
f N Hydraulic fracturing
SE D000 /p horizontal wells of
0D / > unconventional shale
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) - imaging conventional
i e T targets previously
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Cumulative liquids production: 38 billion barrels
G How do new
...... peaks happen?
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Taking Geoscience to Greater Heights



Permian Basin Innovation: Track Record,

Why it

Critical Factors:

« Community

* Mineral Access
 |Information Access
* Infrastructure

« Service Sector

« Regulatory support

Innovative toolkit:
« Associating
 Questioning

« Observing

* Networking

« Experimenting

happens repeatedly, and toolkit

3D Seismic EOR
Hydraulic Fracturing

Horizontal Drilling
Horizontal Drilling and Frac

Residual Oil Zone (ROZ)?

Horizontal Drilling + Frac + EOR?
27?7

The Innovators DNA: Mastering the
five skills of disruptive Innovators
Jeff Dyer, et al, 2011



Geoscience Matters—Wolfcamp, Midland Basin

Coarse Gralned

Debgs Flows Lithotcies 6

Medial
Debris Flows

Jim Henry | ~
DT #5, ACE Areas 2 & 3
Long Beach, 2012 Sweetie Peck
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Spraberry to Wolfberry to Horizontal Wolfcamp

1950 - 70s 1980 - 90s 2000 - 09 2010 2011-12 2013+

=

Wolfberry Play Hz Wolfcamp Play

Spraberry Play

PN Limestone Pay
Sandstone Pay Fracture

BN Non-Organic Shale Non-Pay Stimulated
BN Organic Rich Shale Pay Interval

“Wolfberry”: deeper drilling to
Wolfcamp and combined with
Spraberry, Adding more frac stages
Increased recovery per well

5,000' - 7,000’
Horizontal Spraberry Shales

5,000' - 7,000’
Horizontal Jo Mill

5,000’ - 10,000’
Horizontal Wolfcamp A, B, Cand D

\——l
5,000' - 10,000’

Horizontal Wolfcamp A, B and D

Woflcamp Horizontal play began in 2011;
increasingly longer laterals and number of
frac stages drove up EUR per 1000’ lateral

Modified from Pioneer Natural Resources (2013) and Blomquist, 2016



Internal Architecture of Midland Basin Fill

Cross Section with Wolfcamp Shale Benches
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Peter Blomquist, IHS, 2018 Midland Basin, Search and Discovery

Refer also to Mary Van Der Loop, 2017 for Delaware Basin architecture, Search and Discovery DPA Playmaker video)



North America selected basin architecture
Global shale gas basins, top reserve holders

@ Top reserve holders 200 - Trin cubic metres

Canada ]1.0‘

Mexico 19.3 .

%
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Bakken, Williston Basin

Bakken petroleum system - the challenges
of low accommodation..

Bakken/Three Forks Core Control
and the Challenges of Creating a Type Log

WHITING

WHITING
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Orion Skinner, Outstanding Explorer,
DT #5, ACE Long Beach 2012

« Open minded to sweet spots factors » Core control key aspect
« Many benches mean multiple play targets « Use SEM and core analysis on site
« Hydraulic Fracturing of Horizontal wells » Lag deposits define key horizons



AnadarkO BaSin “Siliceous Is Delicious”—Lindell Bridges

Northwest Southeast

Osage
Limestone Facies

Hunton Chimney Hill Source: Range Resources

Development Target @ prospective Target O

= All of these reservoirs are being developed in the areas commonly referred to
as the SCOOP/STACK/MERGE

= The specific facies that is being targeted in the Osage is the chert facies
typically developed in the basal Osage section Stoneburner. 2018




laska, North Slope, Nanushuk By Passed Pay Section
Nanushuk Depositional System: 40-50 Mapable Clinoforms

AT , A=y Clastics shed from ancestral highlands

North Chukchi Basin Canada Basin Foreset Dip | [7] Proximal
e to south and west
Bl siope wedge n W
Beaufort Sea | Distal condensed
[ Terminal LST
shelf & |---- FDW pinchout
»."%¢ - Fish Creek slide

Forty-fifty traceable clinoforms, filling
basin from west to east:

-Sand-prone topsets
-Muddy slope and sandy turbidites
-Sandy BFF’s and condensed shales

Ramon-Duenas et al, 2018

Repsol, Zapata, 2018



Alaska, North Slope, Nanushuk By Passed Pay Section
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Appalachian Baisn, Marcellus
Structural Complexity Increases West to East

Structural Complexity Increases West to East - Core View
Western Liquids Rich Area
76°00W A Core B Eastern Dry Gas Core
Washington County PA Eastern Greene County PA
¥ ( 4
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The number and width of vertical calcite filled from the County cores the
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Alberta Syncline
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Mackay 2018
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Rimbey-Meadowbrook Redwater Willingdon Cold Lake Oil Sands
Reef Trend (A-A)

40:1 vertical Exaggeration
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West
Canada

Pressure
Gradient
Second White

Specks

(source rock for
Cardium)

Pressure gradient of one equivalent to
hydrostatic pressure

Paul Mackay 2018
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Comparison Of ChicontepecTampico Misantla
Basin Mexico with Midland Basin US

Permian basin
Midland sub basin

Alfredo Guzman 2018

Permian basin

Cum. prdn.
35 Bboe

OOoIP
? Bboe

Recoverable oil
150 Bboe

Production
3 MMbod

Midland sub basin

Recoverable oil
75 Bboe

Production
1.9 MMboe/d

Cum. Prdn.
> 2 Bboe

Total wells
> 500,000

EIA / Pioneer

Tampico — Misantla
basin

Cum. prdn.
7 Bboe
OoIP
107 Bboe
Recoverable oil
42 Bboe

Production
0.1 MMbod

Chicontepec sub basin

Recoverable oil

41 Bboe "

Production
0.05 MMboe/d

Prdn Acum.
< 0.3 Bboe.
Total wells

< 3,000
Pemex / CNH

Cicontepec sub basin

Tampico — Misantla basin

It is very important to note
that the 41 Bboe just refer
to the Tertiary sub basin
and do not consider the
recoverable tight oil
resources in the Mesozoic.



South America, Africa and other global architectures

Global shale gas basins, top reserve holders

@ Top reserve holders 200 - Trin cubic metres

7~
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Source: EIA based on Advanced Resources International Inc data, BP




South American Basins

Cumulative resources last 100 years
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500000

400000

300000

200000
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Tecpetrol

@ Unconventional

.
- Offshore

u Fold Belt |

. Onshore

300

47?

Bboe

(EIA)

l

J

Middle Mag. B’

La Luna
Tablazo
18 TCF
4.8 BBO

Neuquen
Vaca Muerta
Los Molles
583 TCF
19.9 BBO

San Jorge
D-129
Aguada Bandera
86 TCF
0.5 BBO

Austral
L. Inoceramus
Margas Verdes
177 TCE
8.9 BBO

Maracaibo
La Luna
Capachos
202 TCF
14.8 BBO

Amazonas
Barreirinha

100 TCF
0.8 BBO

Solimoes
Jandiatuba
65 TCF
0.3 BBO

Parana
Ponta Grosa
93 TCF
5.2 BBO

Chaco
Los Monos
103 TCF
3.8 BBO

Mesozoic

s Source Rocks

= US Energy Information Adminis;?tion, 2013



Neuquen Basin, Argentina
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Organic-rich shales.

Thickness: 50 to 400 m

TOC: 2-5%

Kerogen Type: Il to lI-1I

Source Quality/Maturity: mostly oil-prone
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VACA MUERTA

Organic-rich shale and marls.
Thickness: 25 to 700 m
TOC: 3-17%
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Organic-rich shales - initial sag stage of the basin.
Thickness: 100 to 800 m.

TOC: 1-5%

Kerogen Type: |I-lll.

Source Quality/Maturity: mixed for oil and gas.




TNT (ms)

Neuquen Basin
Vaca Muerta —Quintuco System
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North Africa and Middle East

NORTH AFRICA/SOUTHWEST ASIA: Ol AND NATURAL GAS | i ' - iy v ) W
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REPJOL

Algeria Shale Gas Potential

) < ‘“j ) " -
Ty \ ;\!f‘: oy :t/-
: R e
Fat: « W7, FSpn, o
BRI ”.:‘.:“::'i' 'I S Ore N : 24 II
*4 Ahnet/Timimoun Berkine/Ghadames o Hgely R
| N - = My e 4/
A, A e, s
B e A Oty W = \': N - )
oo ] ™ : \b.h‘%
N WWanl
Reggane wanvave (WP uew —
Mouydir FIOW, i A% s
SR’s Potential w3 e
B Excellent Potential Look for Deep Gas e.g.
" Very Good Potential Silurian Tannezzuft Fm
1 . Selected Basins
Good Potential
Middle Potential : L.
o
- Low Potential 4
* Speculative U. Devonian + Silurian Source Rocks zonation




South Africa

USGS Sub-Saharan P50 assessments

In inland Karoo

» 23.5 TCF shale gas in Karoo Basin (Whitehill-Collingham and Prince
Allbert sources) Permian Age (and Devonian source rocks), Permian Basin 2.0??

» 8 TCF CBM outside sirict Karoo (foreland) Basin (Botswana-Zambia-
GTC.) Jim Granath et al, 2017

Other Potential Basins of interest include intracratonic sags like The Congo Basin

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




West Siberian Super Basin

' Gas fields
' (0 Oil fields

South o
Kara sea iy

» enisey-
Khatanga
* .« basin

Timan-Pechora ¥ )
basin :

Ve
- M
- ‘#

Data and maps from IHS
as of January, 2018

Milkov (2018)

Total area 1.1 million miZ:
o 85% onshore.

906 oil and gas fields.

~488 billion boe 2P reserves
discovered.

~220 billion boe produced.

As large as 45 minimum Super
Basins combined.

Many giant fields!



Representative W-E cross-section
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History and Plans For Super Basin Events

March 27-29, 2018 Inaugural AAPG Global Super Basin Leadership Conference (275)
May 21 2018 Super Basin Forum at AAPG (ACE) Salt Lake City, Utah (500)

June 13 2018 EAGE: European Basins, North Sea and North Africa super basins (350)
August 22, 2018 Conjugate Margins Conference, Halifax CA (200)

Sept. 11 2018 HGS Africa Conf., Super Basins African Perspective (225)

Oct. 3, 2018 INGEPET, Lima Peru, Super Basins Latin America Basins (800)

Oct 30, 2018 Houston, Super Basin views by Exxon, Chevron, BP and Anadarko, Global Women’s
Leadership Forum, Center’s of Excellence (800)

Nov. 7, AAPG (ICE) Africa and Middle East Basins, Cape Town South Africa (100)

January 22-24, 2019, AAPG, Permian Super Basin, Houston, TX (290) TOTAL 3540 Attendees
March 3-5 2019 Hedberg: Petroleum Systems, state of knowledge on super basins, Houston TX
August 27-30, 2019 AAPG (ICE), Buenos Aires, Argentina, Latin American Super Basins

March 2020, GEO Bahrain, Middle East Basins

Interest expressed for events in China, SE Asia, Australia




Thanks to
3500 Attendees!




Resources for Explorers: AAPG Bulletin Articles

AAPG Bulletin Super

Basin Initiative

Charles A. Sternbach, President of AAPG
(2017/2018)

The AAPG Bulletin introduces a new initiative for its
second century—the super basin series. The inaugural
publication features an overview of the super basin
concept by Bob Fryklund and Pete Stark (IHS
Markit). AAPG plans to roll out new super basin
papers regularly in the months shead. Together with
AAPG Editor, Barry J. Katz, our plan is to build 2
legacy of foundational papers of the world's top pet-
roliferous areas that continue to produce prodigious
amounts of energy (Figure 1). We anticipate that these
papers will be revisited as a valusble resource in the
years and decades shead. The authors of these papers
will be invited and acknowledged for their expertise in
their particular basin or region. It is also envisioned
that super basins will be an important component of
AAPG conferences and technical events.

These publications will show the importance of
geoscience as these basins continue to have new life
breathed into them by innovative geoscientists using
new technology and how rocks tell the story. This
series will frame the geoscience architecture of the
world's most pn'tmhﬁ'mus basins including an un-
derstanding of their petroleum systems, richness,
distribution, and position in the stratigraphic column
of the source rocks and their maturity and an ap-
preciaion of the reservoirs, seals, and structural con-
figuration. For example, the Permizn Basin will be
included in this series. It is endowed with multhlv
rich source rocks (Simpson, Woodford, Bamett, and
Permian/Pennsylvanian) deep within the sedimen-
tary section that contains many reservoir seal pairs, all

within the oil and gas window, 2 shallow regional
evaporite seal and astructural evolution that prevent
leakage to the surface, abundant surface

> access to mineral ngth,

r('gulaunn.

AAPG Memoir 74: Petroleum Provinces of the
Twenty-first Century (Marlan Downey, Jack Threet,
and William Morgan, 2001) was a landmark publi-
cation for frontier exploration. The super basins
concept is a dramatically different focus—a return to
established mature basins where resources are known
to be present, and will be a Y resource for tomor-
row’s oil and gas supplies.

Super basins, as defined by Kund and Stark,
are established producers with at least S billion BOE
produced and 5 billion BOE remaining recoverabl
two or more petroleum systems or source re
stacked reservoirs, existing infrastructure/oil field
SCTVICES, and access to markets. Horizontal dnllmg
and multistaged horizontal fracturing and their un-
conventional resource puu~nlu| are Jri\'mg the onshore
super basin renaissance. Improved seismic imaging,
particulary below salt (or obscured layers), is driving
offshore super basins rejuvenation. The Permian Basin,
Gulf of Mexico, and Middle East basins are prototype
oil and gas prone super basins.

Energy is where you find it. In many cases, the
most promising reserves for today and tomorrow are
in areas that have long been productive. The total
petroleum  systems concept guides our approach
Much has been said and written sbout peak oil. Pe
oil is a concept defined by a population of energy
sccumulations known, detectsble, and producible at
aparticular time and place. When there are “multiple”
pcaks to 2 basin historical h)'dmcarhl)n pn\ducu)n,
eac pcuk represents new lu.'hm)lug\' and idess that
resurrect a matunng urd(dinmgpctmlcum province.
Many of the super basins that will be featured in this
series discuss basins that only recenty were thought to
be played out but are now expenie: g production
peaks and in some cas ceding production peaks
of previcus decades, such asin the Permian Basin. The
super basin series will also discuss the new technol-
ORY dri\'ing this rejuvenation and the .shanng of best
practices of these new u\bnolugws that can be ap-
plied in various super basins.

Figure 1. Map of top 25 super basns (courtesy IHS Markif).
Topics the papers will address include

What makes 2 super basin special and unique and
what can we leam from them?

What are the critical geoscience elements that
contribute to success?

What is the exploration/production history, and
what are the major plays with remaining potential—
conventional, unconventional, and field growth.
What are key innovations in each super basin like:
adoption of horizontal drilling, hydraulic stimula-
tion, completion and drilling techniques, and seis-
mic imaging that helped unlock the potential and
what is needed to grow it further?

How do “sbove ground"” issues like politics, a
mineral ownership, and geography influence re-
alizing the full resource potential of each super
basin?

Will the basin be a regional or global disrupter?

In addition to their geologic energy endowment,
super basins have large scale and infrastructure to
incubate new technology. Technology nurtured and
proven in super basins has great vance and ap-
plication to basins of all sizes. Thus, super basin pa-
pers will have widespread value to energy producers
not just in super basins. Super basins are creating
valuzble contributions to our energy, economy, and
environment. We will continue toenjoy abundant and
affordable energy due to super basins. In addition,
super basins will have a great impact on sustainability,
security, and geopolitical factors.

We believe that (1) our energy industry has made
major contributions to global prosperity, (2) this pros-
perity will grow far into the future, and (3) professional
societies like AAPG will continue to play 2 key role in
preparing men and women to provide this energy and
prosperity long into our next century. Thus, we begin
the super basins initiative for the AAPG Budletin.

March
2018
AAPG
Bulletin



New AAPG Book on Giant Fields;
Another AAPG Publication to Feature Giant Fields 2010-2020!

Chapter1
Concepts, Technology, Price, and Access Drive Giant Field Discoveries
Robert K. Merrill and Charles A. Sternbhach

Planning to have a paper on Midland and

What Is a Giant Field? Delaware Basins in upcoming volume!
S. W. Carmalt and Andrea Moscariello

Chapter 3
Giant Oil and Gas Fields of the 2000s: A New Century Ushers in Deeper Water,
Unconventionals, and More Gas
Philip (Pete) Stark and Leta K. Smith

Chapter 4
The Appomattox Field: Norphlet Aeolian Sand Dune Reservoirs in the Deep-Water Gulf
of Mexico
Ted Godo

Chapter 5

The Marcellus Shale Play: Its Discovery and Emergence as a Major Global Hydrocarbon

Accumulation

William A. Zagorski, Martin Emery, and Jeffrey L. Ventura AppalaCh|an Super BaS|n

Chapter 6
The Giant Continuous Oil Accumulation in the Bakken Petroleum System,
U.S. Williston Basin

Stephen A. Sonnenberg, Cosima Theloy, and Hut [in WI||ISt0n Super BaS|n

Chapter 7
The Eagle Ford Shale Field in the Gulf Coast Basin of South Texas, U.S.A.: A “Perfect”
Unconventional Giant Oil Field

Richard K. Stoneburner GUIf Of MeXiCO SUper BaSin




Geoscience Matters

Communicating the case to Industry Leaders

Advancing our science and profession



Summary

» Technology transfer—The World is watching the
Permian Basin

* Networking, lateral thinking, anticipatory insights
 Communicate: geoscience matters!

* Thanks to you, the energy finders, for providing
abundant and affordable energy to make the
world a better place



