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This September issue of the EXPLORER 
includes a broader discussion of the 
August article on CO2 and climate 

change.  We received substantial feedback 
on the decision to publish the article, the 
content of the article, and the responsibility 
of AAPG as a scientific organization.  We 
appreciate the diversity of comments and 
as AAPG President I want to assure the 
membership and scientists affected by the 
article that we hear you.

AAPG is moving beyond words. We 
are forming an Ad Hoc Committee at the 
highest level for an inclusive discussion 
that includes respected climate and 
paleo-climate scientists to update AAPG’s 
Climate Change statement. Addressing the 
science of climate change and updating 
the climate statement in this year as we 
address sustainable development are a 
priority.

Energy Opportunities Conference

Sustainable development was a key 
theme throughout AAPG’s inaugural Energy 
Opportunities Conference held Aug. 22-23 
in Cartagena, Colombia. This high-profile 
event convened 202 industry executives 
and government officials representing 94 
organizations and 21 countries. 

The AAPG Latin America and Caribbean 
Region organizers, Victor Vega, Pedro 
Alarcón, Elvira Pureza Gomez, their 
committee, and LACR Manager Emily 
Smith Llinás and Events Coordinator 
Mayra Vargas are to be commended for 
the technical, business, and innovation 
sessions as well as the quality and diversity 
of the speakers. The country snapshots – 
technical reviews highlighting investment 
options throughout the region – along 
with the facilitated Business-to-Business 
sessions truly allowed attendees to explore 
Energy Opportunities. 

General Chair Orlando Velandia 
and president of Colombia’s National 
Hydrocarbon Agency, set the forward-
looking tone and importance of regulatory 
and petroleum industry cooperative 
relationships with the opening presentation 
“ANH: A New Road Map.” Cooperative 
relationships highlighted companies, 
governments, professional associations 
and communities working together for 
sustainable energy solutions. Sustainable 
development was not just a concept to 
be discussed; it was a topic to assure 
that companies maximize the value of a 
country’s energy resources for economic 
development. 

Seferino Yesquén, PeruPetro’s Board 
of Directors president, captured the 
importance of the petroleum industry’s 
role in sustainable development in Latin 
American countries. Yesquén outlined 
the positive changes to Peru’s regulatory 

structure that mirror the technical best 
practices in many countries worldwide to 
achieve those goals: 1) technical basin 
assessment to identify and evaluate the 
hydrocarbon potential, 2) production 
at maximum efficient rates to assure 
economic recovery of reserves and 
resources, and 3) up-to-date petroleum 
reserves management and reporting. 

Continuing with global perspectives 
on sustainable development, Maria Riaño, 
president of Equión Energía, spoke with 
deep conviction on the “Petroleum Industry: 
Building Futures and Transforming 
Lives.” Her presentation highlighted how 
the petroleum industry creates human 
connections, meaningful and respectful 
working conditions to transform lives 
and contribute to prosperity. Her uplifting 
message “with happiness we [the 
petroleum industry] assume challenges to 
reach achievements that seem impossible,” 

connects with communities across all 
generations.

Carla Chizmar, head of environment, 
social and governance for Cifi, covered 
the financial aspects of global sustainable 
development with her talk, “Best 
environmental and social practices 
in responsible lending.” She stressed 
that company governance develops 
commitment to sustainable development 
from the bottom to the top and that 
transparency is needed for a successful 
project. Summarizing with a simple 
philosophy, “we are going to be friends for 
10 years,” she underscored the importance 
of credible technical excellence along 
with socio-environmental responsibility in 
petroleum exploration and development. 

The sustainable development thread 
continued through the technical sessions 
noting that energy transitions will be 
a long and involved process that will 
require hydrocarbon exploration and 
development. Mounir Bouaziz, Shell’s vice 
president of commercial South America 
and Africa, presented a talk highlighting 
the importance of natural gas in the energy 
transition. Tomás Zapata of Repsol added 
an unconventional resource perspective 
with a presentation on Caribbean offshore 
biogenic gas.  Technical aspects of LACR 
shale resource plays were also addressed 
by Matías Di Benedetto of YPF and Juan 
Carlos Granados Hernández of Pemex. 
Continuing the theme of cooperation, Marc 
Payne of Chevron and Melissa Coleman of 
ConocoPhillips spoke on learnings from the 
Americas and leveraging best practices in 
unconventional development.

The New Technologies and Analytics 
session connected themes of geoscience, 
technology and sustainable development. 
Andrés Mantilla, director of Ecopetrol’s 

Leadership, Energy Opportunities  
and Sustainable Development

By DENISE M. COX

 TABLE OF CONTENTS

The Saudi Aramco-sponsored G-Camp group stopped to take a photo 
at Tent Rocks in New Mexico, a combination of pyroclastic flows, tuffs 
and ash fall reworked by water. The area of Valles Caldera erupted 1.5 
million years ago.

The AAPG EXPLORER (ISSN 0195-2986) is published monthly for Members by the American Association of Petroleum Geologists, 1444 S. Boulder Ave., P.O. Box 979, Tulsa, Okla. 
74101-3604, 1-918-584-2555. email address: postmaster@aapg.org. Periodicals Postage Paid at Tulsa, OK and at additional mailing offices. POSTMASTER: Please send address 
changes to AAPG EXPLORER, P.O. Box 979, Tulsa, Okla. 74101. Canada Publication Agreement Number 40063731. Return undeliverable Canadian address to: Station A, P.O. Box 
54 • Windsor, ON N9A 6J5 • email: returnsIL@imex.pb.com. 

Advertising rates: Contact Mike Taylor or Tracy Thompson, AAPG headquarters. Subscriptions: Contact Brian McBroom, AAPG headquarters. Unsolicited manuscripts, 
photographs and videos must be accompanied by a stamped, self-addressed envelope to ensure return. The American Association of Petroleum Geologists (AAPG) 
does not endorse or recommend any products or services that may be cited, used or discussed in AAPG publications or in presentations at events associated with 
AAPG. Copyright 2018 by the American Association of Petroleum Geologists. All rights reserved. Note to Members: $6 of annual dues pays for one year’s subscription  
to the EXPLORER. Airmail service for Members: $55. Subscription rates for non-members: $75 for 12 issues; add $72 for airmail service.

 REGULAR DEPARTMENTS
Historical Highlights ................................. 14

Geophysical Corner .................................. 16

Commentary .............................................. 19

Readers’ Forum ......................................... 20

Classified Ads ............................................ 21

Foundation Update ................................... 24

Director’s Corner ....................................... 26

Divisions Report (DEG) ............................ 26

 STAFF
Managing Editor
Brian Ervin
bervin@aapg.org

Art Direction/Production
Matt Randolph
  mrandolph@aapg.org

Graphics Support
Ben McNett

Advertising Coordinators
Companies A-K
Mike Taylor 
1-918-630-5672
mtaylor@aapg.org

Companies L-Z
Tracy Thompson
1-918-560-9414
tthompson@aapg.org

Kristi Eaton
Barry Friedman
Ken Milam

Volume 39
Number 9
Sept 2018

 CORRESPONDENTS

06 The coastal region of the Mississippi 
River Delta is rapidly deteriorating, but the 
Louisiana State University Coastal Studies 
Institute is working to reverse the trend.

08 The University of Adelaide sits on a goldmine 
of geological research opportunity in South 
Australia’s Bight Basin.

10 The Houston Museum of Natural Science has 
developed its Wiess Energy Hall into an 
immersive and interactive center of 
geoscience and energy education.

12 Saudi Aramco’s “G-Camp” offers teachers 
hands-on training in geoscience education.
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A Primer on the  
House of Delegates
Did you ever wonder what goes on 

Sunday mornings prior to the opening 
of every Annual Convention and 

Exhibition?  
It is the annual meeting of AAPG’s 

House of Delegates.  
OK, so what is the HOD? 
Is it some sort of clandestine group 

within the Association that holds exclusive 
“secret handshake” gatherings in the wee 
hours of a Sunday morning? Far from it! 
The HOD is made up of delegates from 
affiliated societies and international 
regions throughout the world who are 
selected by popular vote from within their 
respective areas. HOD delegates are the 
elected voice of the AAPG membership, 
and each delegate serves a three-year 
term. Alternates are also selected in the 
event that the elected delegates are unable 
to perform their duties. Delegates have 
two principal areas of responsibility to the 
Association: Association governance and 
issues involving membership. 

The business for the annual meeting 
is open and freely available to all AAPG 
members, posted through dedicated emails 
to delegates and in the Delegates Voice. 
The DV is the official newsletter of the 
House and is published five to seven times 
per year. It contains critical information 
on issues that are pending for the annual 
meeting of the House. All members have 
access to the DV, and this year all members 
will again receive an email announcing 
new editions of the DV as they become 
available. I urge you to have a look at the 
most recent edition: aapg.org/publications/
news/delegates-voice/current-issue 

While elected delegates (or alternates) 
are the voting members of the House, any 
member can attend the Annual Meeting 
of the House as an observer. As a matter 
of fact, all Association members are 
encouraged to read the DV and attend the 
meeting so as to be better aware of the 
business of the House. We are all members 
of a scientific, professional organization 
and the documents that prescribe our 
governance are vital to the organization 

and health of the association.  
I will be the first to admit that tending 

to issues of governance can be mind 
numbing. Like most public associations, 
however, we are guided by a Constitution 
and Bylaws and Rules and Procedures. For 
those interested these can be found at: 
aapg.to/HoDHandbook

As chair of the House I value that the 
various HOD committees, the Executive 
Committee and Advisory Council, as well 
as past AAPG leadership, regularly weigh-in 
with potential improvements to our guiding 
documents and principles.  

As of this year, there will be a standing 
Membership Committee under the House 
that will address issues of member 
recruitment and retention. This is a fitting 
role for delegates, as they are the front-
line contacts for our sections, regions and 
affiliated societies. This does not preclude, 
however, the participation of all members 
in these efforts. I encourage everyone to 
contact your delegates to this end, and to 
consider standing for a delegate position.  

I encourage everyone to participate in 
two initiatives:  

u Ask Associate Members to advance 
their status to Member (the dues rates are 
the same), so they can become fully voting 
members of the Association.    

u Encourage your fellow Members to 
vote in Association elections. Currently we 
hover around 35-percent participation in 
elections. This number needs to increase 
for the Association to be truly inclusive and 
representative of our diversity.  

Please don’t hesitate to contact 
the House leadership team with your 
perspectives:  

u Bill Houston, chair:  
bill.houston@aapg.org 

u John Kaldi, chair-elect:  
john.kaldi@adelaide.edu.au  

u Maren Blair:  secretary-editor:  
maren.blair@sproule.com 

We look forward to a productive year 
leading up to ACE in San Antonio!  EX
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Center of Innovation and Technology, 
expressed the need to “achieve greater 
alignment of the scientific community with 
industry opportunities.” Tying the session 
back to sustainable development, Pedro 
Mario Cruz e Silva, solution architect 
manager for Nvidia, illustrated how 
artificial intelligence and interpretation of 
petroleum industry data and images will 
improve exploration models and seismic 
interpretation but cautioned, “not to lose 
site of the importance of the human 
element in the digital transformation.”

The Energy Opportunities Conference is 
an example of AAPG at its best: technical 
content with a business focus bringing 
together a diverse audience of attendees 
from industry, government and academia 
to work together on energy solutions and 
sustainable petroleum development.

What’s Sustaining You This Month?

The AAPG Student and Young 
Professional Leadership Summit in Bogotá 
that followed the Energy Opportunities 
Conference not only sustained, but 
energized me this month. There were 19 

current and future energy professionals 
from Argentina, Bolivia, Brazil, Colombia, 
Ecuador, Mexico, Peru, Suriname, Trinidad 
and Tobago and Venezuela at the summit 
organized by Flover Rodríguez, Daiane 
Cardoso, Lizbeth Calizaya Adriana Ariza 
and coordinated by Emily Smith Llinás 
and Elvira Pureza Gomez. The attendees 
communicated, from their country’s 
perspective, the real-time complexity of 
energy in terms of availability, affordability, 
reliability and sustainability. Participants 
and speakers were equally cognizant of 
how energy choices affect the future. The 
students and young professionals are 
living and leading with the definition of 
sustainable development, “meeting the 
needs of the present without compromising 
the ability of future generations to meet 
their own needs.”  

If you are a student aspiring to work 
in the petroleum industry or young 
professional just starting your career we 
want to hear how you see the petroleum 
industry contributing to sustainable 
development.  #AAPGSustainsMe.

Onward!

Summit
from page 3
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“Conditions are dire for much of the 
coastal region of the Mississippi 
River Delta and our children’s 

children will see a coastal landscape that we 
might not recognize.”

That’s the warning of Sam Bentley, 
associate dean for research at Louisiana 
State University College of Science, as 
well as the Billy and Ann Harrison chair in 
sedimentary geology at the school.

“In coastal river deltas, land loss and land 
gain (and also buildup and erosion of the 
seabed) are natural processes that go on 
all the time. For the last 8,000 years or so, 
as one part of the Mississippi River Delta 
has been building, another part has been 
degrading due to natural processes,” he said.

That, however, has changed – or, at least, 
that balance between the building and the 
degradation has changed.

Much of this work has been done by 
the LSU Coastal Studies Institute, which 
was formed in the early 1950s to evaluate 
the environmental challenges faced by the 
U.S. Defense Department during World 
War II. After the war, it quickly became 
the go-to organization for universities and 
governments to study the geomorphology 
and coastal processes of the world’s 
coastlines. 

“Human actions,” said Bentley, who is 
past president of CSI, “have altered how 
sediment is delivered down the river and to 
the delta plain, and also locally accelerated 
subsidence rates” by construction of huge 
levees to control the river and protect 
communities, economic infrastructure and 
river flooding.

“We have actually known for over a 
century that our actions would reduce 

the long-term sustainability of the MRD, 
by reducing sediment that is required to 
offset subsidence and erosion that occur 
constantly,” he added.

What we didn’t know, it seems, is how 
human intervention would exacerbate the 
problem. 

“Dams on the Missouri cut the sediment 
load to the MRD by 50 percent or more, 
oil field canals in the MRD have produced 
hydrological changes in the wetlands that 
have been directly connected to land loss, 
and many of the canals have never been 
filled or restored,” he said.

Bentley said these are some of the 
biggest factors – erosion plus subsidence 
plus sea level rise – that have tilted the 
mass balance of sediment deposition: 
toward a delta that is shrinking, not growing 
overall.

How much has been lost? 
According to mississippiriverdelta.org, 

the Mississippi River Delta and coastal 
Louisiana are losing a football field of 
wetlands every 100 minutes. Since the 
1930s, Louisiana has lost more than 2,000 
square miles of land – that’s roughly the size 
of Delaware.  

“If rates of sea level rise predicted by the 
Intergovernmental Panel of Climate Change 
hold true, then the coast of Louisiana will 
be unrecognizable within two or three 
generations to those now living,” said 
Bentley.

‘Environmental Disenfranchisement’

Clearly something has to be done. In 
Louisiana and around the world, attempts 
have been made for decades to reverse 

trends of coastal land loss and preserve 
coastal communities. State and federal 
agencies have been active in the MRD since 
at least the 1970’s to address this problem. 
And one of the solutions – and nobody really 
wants to talk about this – is the business 
of determining how many can actually live 
along the coast.

“At the moment, the conversation is 
taking place in people’s living rooms,” where, 
Bentley believes, it should be discussed, 
as any government movement to force 
relocation is a “touchy and painful one … 
that can become a heated debate in public 
meetings when it comes up.”

People have been relocating voluntarily 
for decades, largely because of flood risk, he 
said. He calls this dynamic “environmental 
disenfranchisement.”

Specifically, in Louisiana, attempts have 
been made to reverse trends of coastal land 
loss, and preserve coastal communities, so 
people don’t have to move. This effort has 
been part of the Louisiana Coastal Master 
Plan, a series of extensive and intense 
scientific and engineering investigation 
and modeling efforts which explore how 
different restoration strategies will work 
in different environmental scenarios of 
sea level rise, sediment supply, hurricane 
frequency and intensity, even overall climate. 

The plan will eventually become the state’s 
official roadmap.

The problem of coastal loss, it should be 
noted, is not limited to the Mississippi Delta.

“The Netherlands has been working on 
this for decades, or centuries really, and has 
had both success and failure in securing 
communities from coastal hazards,” said 
Bentley. “In China, as well, notably the Yellow 
River, efforts have been made to flush 
sediment through dammed reservoirs and 
deliver more of that sediment to the coastal 
delta.”

The results have been mixed but are 
still promising. This work comes at a huge 
financial cost, which will unlikely be replicated 
in the MRD “because important processes 
like hurricanes are more powerful and 
frequent” and “because we cannot spend as 
much per unit area of land, to do the work.”

The problem is enormous. 
“At present, the biggest hotspots for 

coastal land loss around the world are 
river deltas, which are inhabited by about 
1 in 14 people around the world, but, if and 
when rates of global sea level rise begin to 
accelerate, many other low-relief coastal 
settings will experience similar threats. 
Much of Florida, much of the eastern U.S. 
coast, and many other non-deltaic locations 
around the world will experience these 
threats. In this way, coastal river deltas can 
be considered sentinels, the “canary in the 
coal mine.”

The Role of Education

As an educator, Bentley said students 
must be made aware of what’s at stake. 

“In most cases, in my opinion, the 
importance of sustainability of the 
environment and energy resources is a 
good and logical outcome from a good 
geoscience education, but not necessarily 
a specific goal. For example, if a student 

Louisiana Coastal Loss Drives 
‘Environmental Disenfranchisement’

If rates of sea level rise predicted by the IPCC hold true, then 
the coast of Louisiana will be unrecognizable within two or 
three generations to those now living.
“ “

See Climate page 9 uBentley

The Mississippi River Delta 
in 2001 (left), compared to 

a recent satellite image
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‘‘South Australia is a geologist’s 
playground.”

That’s Mark Bunch, senior 
lecturer in petroleum geoscience at the 
University of Adelaide, talking about 
the veritable feast that is teaching in 
close proximity to such a cornucopia of 
petroleum possibility – much of it located 
right outside his window.

In other words, as in real estate, when it 
comes to the study of petroleum geology 
and the rewards that follow, it’s location, 
location, location.

The University of Adelaide is ideally 
placed near the Bight Basin, a large, 
mainly offshore basin that extends along 
the southern Australian margin, from the 
southern tip of Western Australia, across 
the Great Australian Bight to the western 
tip of Kangaroo Island. It is regarded 
as one of the world’s most prospective 
frontier sedimentary basins and a future 
world-class petroleum province. The 
Australian School of Petroleum, housed at 
Adelaide, has had a long-term involvement 
in geological research at Bight, aimed at 

unlocking resource potential within the 
Bight Basin, including a collaboration with 
the International Ocean Discovery Program. 

So what’s it like being that close to so 
much promise, so much history?

“South Australia’s main petroleum 
province,” said Bunch, “is a Permian-
Cretaceous continental system situated 
within the Australian interior. The vast 
potential of the Bight Basin off the state’s 
south coast has long been known, but 
rarely tested, and was always believed 
to hinge on the presence and viability of 
source rock and sealing units.”

Bunch can hardly wait.
“The main technical challenge appears 

to be the deepwater drilling required to 
target the most prospective areas. In 
particular, there is palpable anticipation 
of what may lie waiting to be discovered 
within the Ceduna sub-basin,” he said.

To put Bight in context with other basins 
worldwide, he said its potential lies in its 
Gulf of Mexico/Niger Delta scale and its 
jurisdiction being under a welcoming, low-
risk regulatory culture. 

“In the petroleum context, well-preserved 
outcrops showing salt diapirism serve as 
excellent analogues for the salt tectonics 
that have influenced and modified Gulf of 
Mexico petroleum systems,” said Bunch.

As part of a pre-competitive exploration 
program, the geological survey of Australia 
– Geoscience Australia – ran dredge 
surveys along shelf-edge canyons that 
demonstrated the presence of viable 
source rocks at stratigraphic levels, where 
such sub-cropping units may have been 
exposed by erosion. Then, in 2017, the 
IODP mission sought to drill a number of 
locations along the Australian Southern 
Margin to answer questions related to 
stratigraphic signals of past climate 
fluctuation. 

“Researchers at the Australian School of 
Petroleum took this opportunity to propose 
a drilling site that would intersect and 
sample prospective source rocks in order 
to narrow uncertainties as to the nature 
and timing of hydrocarbon generation,” said 
Bunch.

And that’s where students in the masters 

of petroleum geosciences program at the 
University of Adelaide came in. 

“They undertook group research to 
define and characterize petroleum systems 
within the Ceduna sub-basin on the basis of 
existing pre-competitive exploration data.”

Thesis students, as well as those that 
preceded them, have made a difference.

Integrated Disciplines

The university is Australia’s third oldest 
and consistently ranked in the top 1 percent 
of universities worldwide by numerous 
publications. It counts Nobel laureates 
among its alumni, along with a number 
of important figures in politics, the arts, 
medicine, engineering and the natural 
sciences. The two most notable Adelaide 
luminaries in the geological sciences 
are the legendary Antarctic explorer Sir 
Douglas Mawson, who served as professor 
of geology and mineralogy, and one of his 
star students, Reg Sprigg, who was at the 

Australia’s Bight Basin Offers 
a Feast of Geoscience Teaching

Continued on next page u

Each year at Adelaide, masters petroleum 
geoscience students, as a part of their ‘capstone’ 

experience, go on an eight-day field-trip to examine 
Permian and Triassic strata in outcrops along the 

New South Wales coast.
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forefront of early petroleum discoveries in 
South Australia and played a leading role 
in the formation of two major oil and gas 
operators that remain based in Adelaide 
today. His work indicated impressions 
of complex, soft-bodied Pre-Cambrian 
organisms.

Bunch said the university prides itself 
on offering fully integrated teaching and 
research programs in the disciplines of 
petroleum geoscience, engineering and 
management.

“It is,” he said, “the way the industry 
works.”

To that end, each year at Adelaide, 
masters petroleum geoscience students, as 
a part of their capstone experience, go on 
an eight-day field-trip to examine Permian 
and Triassic strata in spectacular outcrops 
along the New South Wales coast to 
integrate many of the classroom learnings, 
exploring the various outcrops along the 
New South Wales coastline, and to build 
a sequence stratigraphic reconstruction 
of how the vast, coal-prone Hawkesbury 
Sandstone developed. Prior to going, 
students examine and interpret well logs 
and core photos of parts of the succession. 
Their interpretations can then be compared 
and contrasted with new observations and 
interpretations in the field.  

“This experience builds better 
perspectives on how to interpret 
subsurface data especially in areas with 
limited data,” said Bunch, “as well as being 
a great learning experience. Students find it 
a great bonding experience, making friends 
for life.” 

It’s also a history lesson. 
“In particular, they must predict the 

distribution and properties of elements 
of the notional petroleum system over 
geological time.”

The university community is driven 
by a state government emphasis on 
valuing the subsurface and can point to 
its collective expertise in the exploration 
and development of South Australia’s 
petroleum, minerals and geothermal 
resources. The recipe at Adelaide is that 
students receive a thorough grounding 
in the principles of exploration and 
development, while being exposed to the 
practical aspects of the oil and gas industry 
through internationally experienced staff. 

“Research projects within the 
Australian School of Petroleum often 
involve collaboration with government and 
industry partners and the curriculum is 
developed in consultation with industry, 
and regularly reviewed by an advisory 
board. This all ensures that graduates are 
highly sought after.”  EX
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understands the physics of the sun’s 
heating of the atmosphere, and the role 
that different gas compositions play on that 
heating, then she or he can evaluate such 
human impacts on the environment, from a 
rigorous logical and scientific perspective.”

CSI is invested in this pursuit, as virtually 
all of its fellows teach in their respective 
academic department and all its faculty 
have academic appointments in the LSU 
Department of Oceanography and Coastal 
Sciences.

So, the $64 billion question (or 
however much it will take to reverse these 
deleterious effects): is climate change the 
culprit?

Bentley said the answer keeps 
changing.

“My understanding is that the present 
trends of land loss in Louisiana are largely 

driven by anthropogenic alterations to 
the Mississippi System, on top of natural 
deltaic cycles, so, a case can be made that 
land loss measured since circa 1932 (the 
start time for the most important studies) 
is not strongly impacted by climate. 
However, modeling done in conjunction 
with the Louisiana Coastal Master Plan 
shows that even the more modest IPCC 
predictions of future sea level rise will play 
a progressively stronger role in shaping our 
coast. That, plus the fact that the frequency 
of major hurricanes is forecast to increase 
in a warming climate, both suggest that 
climate change, even in the very near term 
(decades) is likely to become a driving 
force for major coastal change.” 

On a scale of 1-10, then, where are we?
“I would say that for those individuals 

who sustain that type of personal impact, 
on a scale of 1-10, it would be moving 
towards 10, especially for people such as 
Louisiana residents, many of whom have a 
profound sense of place.”  EX
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showcase their work at Ingenuity 2017.



Wiess Energy Hall Creates 
‘Wonder and Curiosity’
When Wiess Energy Hall opened up 

at the Houston Museum of Natural 
Science in the 1960s, it was little 

more than some used oilfield equipment 
and a few interactive displays. 

Since then, however, it has grown 
to include a 60 percent-scale working 
replica of an offshore drilling rig drill floor, 
a documentary depicting the history of 
energy and a simulated flight to Karnes 
County, Texas, to experience the hydraulic 
fracturing of an oil well from inside the 
cracked rock. 

“The exhibits in the new Wiess Energy 
Hall present the science and technology of 
energy for all visitors – from kindergartners 
to corporate leaders,” said Melodie Wade, 
spokesperson for the museum. “For many, 
their understanding of the oil industry – 
from upstream to downstream – will be 
enhanced as they explore the numerous 
topics presented by the Wiess Hall.” 

Wade said that in the museum’s 
experience, some visitors enter the hall 
unaware of the diverse range of disciplines 
contributing to bringing energy to the 
public: geology, geophysics, fluid dynamics, 
hydraulics, chemistry, biology, computer 
programming and others. 

Visitors might also come to better 
understand how the petroleum industry 
employs sophisticated technology to 
mitigate risk, and how hydrocarbons make 
possible so many products that they use 
every day. 

Improvements Over the Decades

Wiess Energy Hall has seen several 
iterations since its debut in the 1960s. 
In 1994, the hall grew to 8,500 square 

feet as part of a major museum capital 
campaign and expansion. It used emerging 
technologies of 3-D animation and touch 
screens to tell the story of energy. It 
also included an extensive immersive 
environment of simulated rock, and the first 
“Geovator” – an imaginary journey inside an 
oil and natural gas well.

Later, in 2005, the Houston Museum 
of Natural Science opened Wiess Energy 
Hall 2.0 with a full suite of completely 
updated 3-D animation presented on the 
latest large-format flat screens, Wade 
said. The Geovator got a makeover, and 
two new theaters opened, presenting the 
animated musical video “Energy Is …” and 
the adventure cartoon “Energy Chase.” 

Today’s 30,000-square-foot museum 
opened in November 2017 and features 
an all-new Geovator and an expanded 
Renewable and Future Energy Sources 
gallery, among other new attractions.

“We hope that every visitor to the Wiess 
Energy Hall will learn something new about 
energy and its importance to our everyday 
existence on earth,” Wade said. “We want 
our exhibits to inspire all our visitors to 
continue learning and exploring – and 
perhaps even entice some of them to 
pursue careers in energy.”

School Outreach

To that end, the Houston Museum of 
Natural Science’s Education Department 
develops curricula for primary and 
secondary schools based on the Wiess 
Energy Hall’s content and Texas Essential 
Knowledge and Skills, or TEKS. 

GEOSCIENCE 
EDUCATION
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Science teachers became students at 
an annual geology camp earlier this 
summer.

A decade-old event sponsored by Saudi 
Aramco in partnership with Texas A&M 
University took 36 fifth through12th-grade 
teachers on an 18-day journey through 
Texas, Colorado and New Mexico.

Dubbed “G-Camp,” the program is 
aimed at providing teachers with practical 
geological knowledge they can use to create 
science lessons for their classes.

“As a lead sponsor of the program, 
Aramco is a natural fit – since geology and 
unlocking the secrets of the Earth’s crust 
to meet our consumers’ energy needs are 
at the core of our business. It’s been our 
mission for the past 80-plus years,” said 
Jack Moore, director of Aramco Services 
Company’s office in Washington, D.C. 

Applied Knowledge

Timothy Diggs, a senior geological 
consultant with ASC, accompanied the 
group on part of the trip, sharing his 
knowledge of geology as well as providing 
an industry perspective. Diggs focuses on 
technology reconnaissance to help Saudi 
Aramco increase productivity and efficiency.

“I was able to bring an applied 
perspective to observations made at various 
field stops on the trip. The students were 
particularly interested in the application 
of observations from modern depositional 
systems to ancient reservoirs. For example, 
we spent several hours at Great Sand 
Dunes National Monument discussing 
modern aeolian processes, environments 
and deposits. I later described the 
importance of aeolian depositional systems, 
such as the Norphlet, as oil and gas 
reservoirs. This also helped dispel the 
common misconception that caves filled 

with oil constitute most of our reservoirs,” 
Diggs said.

“The students were also somewhat 
surprised at how rocks that typically have 
little to do with sedimentary deposits in 
general, and oil and gas reservoirs in 
particular, can inform our understanding 
of reservoirs. At Kasha-Katuwe Tent Rocks 
National Monument, we discussed how 
certain minerals of volcanic origin can help 
us understand the burial and thermal history 
hydrocarbon reservoirs,” Diggs said.

“Our knowledge of the various aspects 
complemented one another and, as a 
result, it was a great learning experience 
for everyone,” he said. He said learning in 
the field was enlightening for many who 
knew much of the information only from an 
academic standpoint.

The teachers were able to develop 
curriculum material, design virtual field 
trips for their students and participate in 
hands-on outdoor learning to identify the 
processes that form and shape the surface 
of the Earth.

Spreading Interest in STEM

“A program like this is a natural fit 
for us. Aramco is addressing global 
energy challenges with innovation and 
new technologies that come from great 
ideas. Partnering with Texas A&M University 
to educate students about geology is one 
of the ways we look to shape the future. 
Teachers bring their field experience 
back into the classroom to create exciting 
lessons. By inspiring teachers, we look to 
inspire students,” said Alma Kombargi, 
public affairs director for ASC.

G-Camp is a component of Aramco’s 
worldwide emphasis on STEM (science, 
technology, engineering and mathematics) 
education programs. Besides the G-Camp 
program, Aramco also sponsors the iExplore 
science program for 5th grade teachers and 
students at the Houston Museum of Natural 
Science. The purpose of both programs is to 
equip teachers with new techniques to keep 
students interested in STEM-related fields.

The teachers viewed landforms including 
the Great Sand Dunes, an area of large sand 
dunes up to 750 feet tall in south-central 
Colorado, Taos Gorge and Valles Caldera, a 

Teaching the Teachers
Saudi Aramco’s G-Camp offers hand’s-on geoscience education training

The teachers’ classroom experience at Texas A&M was enhanced by the 18-day field trip across Texas, 
Colorado and New Mexico.

The teachers found different kinds of rock including basalt, obsidian and 
travertine during their G-Camp travels.

The Soda Dam formation near Jemez Springs, N.M., is formed 
by the local hot springs bringing water filled with calcium 
carbonate to the surface. Unfortunately, the beautiful springs 
also have a strong sulphur smell associated with them.



13SEPTEMBER 2018     EXPLORER.AAPG.org

13.7-mile-wide volcanic caldera in the Jemez 
Mountains of northern New Mexico. Among 
the different geological features explored 
were ancient marine deposits, faults, glacial 
landscapes, streams, landslides, energy 
resources and mineral resources.

Rick Giardino and Carolyn Schroeder, 
faculty members at Texas A&M University’s 
Department of Geology and Geosciences, 
founded the camp in 2007 and have served 
as advisers and mentors for the science 
teachers.

Giardino started the program because 
he wanted to give teachers, who do not 
necessarily have an extensive background 
in geology, an opportunity to gain more 
hands-on experience and better equip them 
to teach their students.  EX

PL
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For example, the museum has Labs 
on Demand, which incorporates various 
topics, such as Fossil Sort, Land Forms, 
Layers of the Atmosphere, Layers of the 
Earth and Layers of the Ocean. “These labs 
usually happen at the museum but can 
travel to schools,” Wade said. 

The museum also has the Aramco 
iExplore Energy Program for teachers 
and students of Galena Park Independent 
School District. The program uses 
the museum’s resources, including its 
Wiess Energy Hall, to educate fifth-grade 
teachers and students about the topics 
of energy, related TEKS objectives, and 
energy careers. 

“The program has a component for 
educators as well as students,” Wade 

said. “This program happens only at the 
museum. It can be replicated for other 
school districts, but Aramco covers the 
costs for Galena Park ISD to participate.” 

She said the museum also develops 
continuing education programs in 
collaboration with local universities.

Creating a Sense of Wonder

The exhibits are considered permanent 
in that they are used during a five-to-
ten-year lifespan, though they may be 
enhanced and updated more frequently 
based on ongoing advancements in 
science and technology, she added. 

A team at the museum decides which 
exhibits to showcase based on “creating a 
sense of wonder and curiosity,” Wade said. 

“As an example, when visitors exit the 
elevator into the exhibit, they enter what 
for many of them is an alien world: robots 
conducting drilling operations far out at 
sea,” she said. “As they take in the sights 

of the hall, visitors notice a gigantic tricone 
drill bit rotating overhead. Even for those 
familiar with this technology, the sight 
of this gargantuan replica can elicit a 
response.” 

The team also wants to immerse 
visitors in an environment. For example, 
when visitors enter the Geology Gallery, 
they are surrounded by layers of 
sedimentary rock submerged beneath 
an undulating ocean. Giant replicas of 
marine microorganisms populate the 
waters overhead. As visitors move into 
the geophysical exhibits, the realistic 
rock walls transition into a physical 
manifestation of a digital model of 
subsurface geology, she said. 

“We also choose exhibits to maximize 
interactivity,” she added. “In the new Wiess 
Hall, visitors can raise air pressure to fire 
a sleeve gun used in seismic exploration, 
operate the robotic arm of a subsea ROV, and 
fire a perforating gun to blast channels into 
reservoir rock, among other activities.”  EX

PL
OR
ER

Education
from page 10

Retired Rice professor William Leeman uses 
typological maps to give the teachers a better 
understanding of what they are seeing during the 
Saud Aramco-sponsored G-Camp. The area they 
visited was the site of volcanic eruptions more 
than 1.5 million years ago.
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‘‘L ight the flare.” 
With those words, Blackie 

Davidson tossed up a lighted, 
oil-soaked rag and the gas started to burn 
in a 30-foot-long flare. This was the real 
beginning – the opening of the Williston 
Basin to oil production on April 4, 1951. The 
discovery of oil will always be remembered 
by those who were in North Dakota at the 
time. Its effect on the state and the nation 
can never be properly assessed.

As far as then-North Dakota state 
geologist Wilson M. Laird was concerned, 
this day had really started ten years earlier, 
almost to the month, prior to the actual 
coming in of the Clarence Iverson No. 1 in 
Williams County. 

“In 1941, the North Dakota Legislature, 
primarily through the foresight of one 
man, had passed an adequate oil and gas 
conservation measure,” Laird said. “That 
man, George Saumer, was a representative 
from Grand Forks County – about as far 
from the oil area in North Dakota as one 
could be and still be in the state.”

Because of that law, 
the state was in a position 
to encourage, through 
proper regulation, “the 
development of a resource 
that has come to mean so 
much to the state,” Laird 
added. 

Also because of that 
law, Laird was present in his capacity as 
state geologist at the testing of the Silurian 
Interlake Formation in the Clarence Iverson 
No. 1, an event that opened the Williston 
Basin.

Witnesses to History

The “why” of his being there goes back 
to his friendship with Clyde Noe, a resident 
of Williston. 

“Clyde called me about two days before 
the well came in and told me he thought 
it was going to come in and he should be 
there,” he said. “How Clyde knew about 
the well is a mystery, but it’s possible he 
learned of it from Blackie Davidson, who 
was tool pusher on the rig.”

Davidson was someone trusted by 
everyone in the area, Laid explained. “If 
Davidson said it was so, it was so. He 
had far more credibility than any of the 
technical officials connected with Amerada 
Petroleum Company or, for that matter, 
anyone else concerned with the industry.”

Laird went to John C. West, the 
president of the University of North Dakota, 
and told him about the well. 

“He asked me if I was going to be there. 
I said that I had four classes to teach that 
particular day and that I thought I had 

better stay in Grand Forks. He said, ‘Laird, 
you don’t get to see an oil well in North 
Dakota every day; to hell with the classes.’ 
With that kind of encouragement, I left for 
Williston,” he recounted.

He arrived at Williston on the evening 
of April 3 and contacted the Amerada 
geologists to arrange a visit to the well 
the next day. There, he met Roy Fuller, 
Amerada’s district superintendent, who was 
working out of Casper at the time, but later 
moved to Williston where, Laird said, “he 
became an institution in himself.”

Laird described the scene as “a beautiful 
clear, cool day in North Dakota. The ground 
was still frozen as the preceding winter had 
been a cold one.” 

“This was not my first visit to the well 
site, as I had been there in January after the 
famous ‘pint of oil’ had been obtained in a 
drill-stem test in the stratigraphically higher 
Devonian Duperow Formation,” he said. 
“In January, the drifts of snow had been 
bulldozed as high as the telephone lines 
along the road between Highway 2 and the 
well site six miles south of the highway. 
High drifts were still apparent on that April 
day.”

Laird said he, Fuller, Davidson and the 
drilling crew were about the only people 
who witnessed this historic event, which 
began almost exactly at noon on April 4. 

“A few local visitors were there too, 
but Roy asked me to caution them to 
stay behind the wire stretched across 
the access road to the site because of 
the danger always present when such 
operations are underway,” he said.

On the side of the tank receiving the oil 
from the well was a trip valve moving up 
and down rather rapidly. 

“Never having seen an oil well come 
in before, I wanted to know if this was a 
good sign and if this was really going to 
make a well,” said Laird. “Roy kept telling 
me he didn’t know, but I noted that he 
smiled a lot when he was telling me that. 
I knew that he had seen many wells come 
in during his long career with the industry. 
In the meantime, the flare was burning, the 
ground beneath was beginning to thaw, and 
steam was rising in the cool air.”

“Along about 4 p.m., I decided it was 
time to go back to town to get something 
to eat and to talk to others about this 
exciting and historic event I had witnessed,” 
he recounted. “Among the first people I met 
on returning to town were the publisher of 
the newspaper, Herman Zahl and his wife, 
who invited me to have a steak at their 
home.”

“About 11 o’clock, someone decided 
that it might be a good idea to go and see 
how the well was doing. That seemed like a 
capital idea, so Herman, his wife and I piled 
into the car and drove to the well site,” Laird 
explained. “The flare could be seen from 
about 10 miles or more from the location. 
We finally got to the well where, by this time 
quite a crowd had gathered.”

A Day to Remember 
The discovery of oil in North Dakota

Historical Highlights

AAPG member John Bluemle retired 
as state geologist of North Dakota in 
2004. He researched all facets of the 
state’s geology and was involved in 
researching the state’s energy-mineral 
resources.

Wilson M. Laird

Aerial view of the Clarence Iverson No. 1 Well prior to the discovery of oil.

Continued on next page u
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There was a famous photograph 
taken that night by Bill Shemorry, a local 
journalist renowned in North Dakota for his 
photography. Laird also took a color picture 
of the sight, which was later reproduced 
and incorporated in a wooden frame and 
presented to him by Rodger Denison, the 
exploration vice president of Amerada.

“After that night scene, we drove rather 
slowly back to Williston, reflecting on what 
we had seen and what it would mean to 
Williams County, Williston and the state of 
North Dakota,” Laird said. 

The discovery of oil in the Clarence 
Iverson was regarded by many as good 
luck. Actually, it was a combination of good 
interpretation of the geology of the area, 
the knowledge and guts of the company, 
which took a considerable risk drilling the 
well, and the vision of many geologists 
dating back many years – men who had 
faith in the area. 

Notably, in this latter group was Tom 
Leach, who took the leases on the land, 
which were later turned to Amerada. 
However, it is worthy of note that he and 
others, such as Clyde Noe and many others 
associated with the early development, 
didn’t live long enough to see how big it 
really was. 

“In this respect, I feel unduly fortunate. 
While I am sure they thought it would 
be big, I doubt if they could visualize the 
impact the discovery of oil would have on 
North Dakota,” Laird said. 

Shemorry’s Account

The aforementioned Bill Shemorry 
covered the drilling of the well for the 
Williston Press-Graphic newspaper, a 
summary of which follows: 

“When Amerada Petroleum Corporation 
decided to bore a wildcat test in the 
deepest part of North Dakota’s Williston 
Basin 39 years ago, its contract with 
Loffland Drilling Company called for 
penetration to ‘pay’ or granite, whichever 
came first. The known geology of the well-
site, ten miles south of Tioga, indicated 
that the bit might have to go 15,000 feet or 
more. So Loffland came prepared. Their big 
‘Standard’ rig with a derrick 136 feet high, 
that drilled Amerada’s Clarence Iverson 
discovery well was, up to that time, the 
second largest to come to North Dakota. 
The Standard was capable of drilling to the 
deepest part of the Williston Basin.

A fleet of 14 trucks, running day and 
night, transported equipment to the 
drilling site, beginning Aug. 17, 1950. In 
three weeks’ time a crew of 
experienced hands had it 
positioned over the drilling 
site and ready to go. 

“When word went out that 
drilling would commence, a 
number of people showed 
up as the rotary table began 
to turn and the bit churned 
into North Dakota earth 
on Sept. 3, 1951. By Sept. 
7 the well had drilled to 
1,211 feet. Operations were 
temporarily suspended 
when the Halliburton Oil 
Well Cementing Company of 
Newcastle, Wyoming arrived 
to cement in the 10 and three-
quarter-inch diameter surface 
casing.

“Drilling resumed when 
the cement had set, this time 
with a smaller bit that made 
a nine-inch hole. The drillers 
were headed for the deep…

“Amerada sent experienced 
oilmen to oversee the project. 
Roy Fuller, production 
superintendent, along with 
Blackie Davidson, drilling 

superintendent, were in charge.
“Winter came and with it a lot of snow. 

At times the rig was isolated by huge drifts 
that clogged the road. The only contact 
with the outside was by radio. During one 
such occasion food had to be flown in.

“Three bulldozers kept the road open, 
but even so, it was sometimes impassable. 
One crew, made up primarily of men from 
the south, quit in the face of a blizzard. 

“A North-Dakota oil-field joke: as a 
worker walked away from the rig, another 
guy asked: ‘Where you going?’  

“Answer: ‘To get my jacket.’ ‘Where is it?’ 
Answer: ‘In Texas.’ 

“But both equipment and men survived 
and on Jan. 3, 1951 an encouraging pint of 
oil was recovered during a drill-stem test at 
10,500 feet.

“The two-mile depth was reached and 
passed. Plans were to test at 11,706 – 
11,720 feet, but the drill bit got stuck in the 
hole. A Tulsa Halliburton cement crew had 
been summoned preparatory to cementing, 
perforating the pipe and testing. They stood 
by at a cost of $70 an hour for two weeks 
until the stuck bit was ‘fished’ out. 

“The cementing completed, Lane Wells 
technicians lowered their tools into the 
hole and perforated the drill pipe. Swabbing 
operations on March 23 recovered three 
gallons of 45 gravity crude oil. Now the 
oilmen knew they were onto something big. 
A third perforation of the well was done on 
March 28 at 11,630 – 11,660 feet, and on 
April 1, 4,000 gallons of acid went into the 
hole. That was all that was needed.

“On the afternoon of April 4, Fuller 
and Davidson, along with State Geologist 
Wilson Laird and members of the drilling 
crew, witnessed the first real oil production 
in the state of North Dakota. A seventeen-
hour test brought 307 barrels of 55 gravity 
oil (real good stuff) to the surface.”  EX
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Historical Highlights is an ongoing 
EXPLORER series that celebrates the 
“eureka” moments of petroleum geology, the 
rise of key concepts, the discoveries that 
made a difference, the perseverance and 
ingenuity of our colleagues – and/or their 
luck! – through stories that emphasize the 
anecdotes, the good yarns and the human 
interest side of our E&P profession. If you 
have such a story – and who doesn’t? – and 
you’d like to share it with your fellow AAPG 
Members, contact Hans Krause at historical.
highlights@yahoo.com.

(Editor’s Note: The author leaned heavily 
on a piece originally written by Wilson M. 
Laird as source material for this article.)  

Blackie Davidson

t Continued from previous page
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In the July 2018 Geophysical Corner, 
we discussed the applications of the 
multispectral coherence attribute and 

demonstrated the resulting higher signal-
to-noise ratio and enhanced discontinuity 
definition. The underlying assumption is 
that different frequency voice components 
(or more simply, the band-pass filtered 
version of the seismic data) see 
discontinuities differently. All interpreters 
have been annoyed when a clear through-
going fault seen on a vertical slice through 
the seismic amplitude volume appears 
to have holes in the discontinuity on a 
vertical slice through the corresponding 
coherence volume. Most commonly, 
these holes occur when reflectors 

corresponding to different 
geologic horizons happen to 
“line-up” across the fault. While 
such alignments may occur on 
the broadband data (the sum 
of the spectral components), or 
even one or more of the spectral 
components, it is rare that they 
line up on all of the spectral 
components. For more details on 
the computation, please refer to 
the July Geophysical Corner.  

The concepts of coherence computed 
on multiple spectral components can 
be extended to coherence computed on 
multiple azimuthally-limited amplitude 
volumes. All three-dimensional seismic 

surveys are designed to record 
a range of azimuths, where 
discontinuities are better 
illuminated by some ray paths 
– typically those ray paths 
orthogonal to an edge, rather 
than ray paths parallel to the 
edge. Thus, the illumination of 
subsurface faults, fractures 
and stratigraphic edges varies 
with azimuth. During seismic 

processing, all offsets and azimuths are 
migrated (imaged) independently. While 
most interpreters pick horizons and faults 
and identify stratigraphic features on the 
stack of all these migrated traces, more 
quantitative interpretations use offset-

limited (or incident-angle limited) sub-
stacked volumes for amplitude variation 
with offset and prestack inversion 
analysis. Other technical specialists 
may use azimuthally-limited sub-stacks 
of the migrated traces to estimate the 
presence and orientation of fractures 
or of the intensity and orientation of 
the maximum horizontal stress. What 
many interpreters do not realize is that 
the cost of providing a full stack or of 
multiple offset-limited and/or azimuthally 
limited stacks is basically the cost of 
making extra intermediate volumes. The 
processing shop migrates the same 

Multiazimuth Coherence Attribute Applications

Geophysical Corner

Figure 1: Time slices at 1,312 milliseconds through coherence volumes from the all-azimuth coherence shown in (a), and azimuth-limited seismic volumes shown at 22.5 to 67.5 degrees, 67.5 to 112.5 degrees, 112.5 to 157.5 
degrees, and 157.5 to 202.5 degrees (b) to (e). Noticeable differences can be seen between the coherence displays as indicated by the yellow arrows. The data are from offshore West Africa.

CHOPRA

Continued on next page u
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number of traces (and needs to construct 
an accurate velocity model) for all three 
of these workflows. It is critical that the 
oil company client explicitly request 
such intermediate volumes as part of 
the processing workflow, whether they 
anticipate using them immediately or 
not. Once the project is completed, these 
intermediate volumes are rarely archived. 

Discontinuities are seen at different 
azimuths for three reasons. 

The first is associated with the 
physics of wave propagation, where 
the larger amount of back-scattered 
energy is experienced by rays traveling 
perpendicular to a discontinuity. Rays 
travelling parallel to a discontinuity are 
also diffracted, but only as forward-
scattered energy. 

The second is geometrical, where a 
discontinuity imaged in the perpendicular 
direction will appear sharper, while the 
same discontinuity will appear more 
diffuse in a parallel direction. 

The third reason is associated with 
seismic processing. Our seismic velocities 

are rarely perfect. A sharp discontinuity 
seen on a near-perpendicular azimuth 
can be stacked and then blurred with 
the smoother discontinuity seen on the 
parallel azimuth. 

The value of computing coherence on 
azimuthally-limited sub-stacked volumes 
has been recognized almost from the 
beginning of coherence. Figure 1 shows 
an example from a wide-azimuth ocean 
bottom seismometer survey acquired 
offshore West Africa. On the basis of the 
orientation of faults in the volume, four 
azimuths were generated (22.5  to 67.5 
degrees, 67.5 to 112.5 degrees, 112.5 
to 157.5 degrees, and 157.5 to 202.5 
degrees). Figure 1 shows time slices at 

1,312 milliseconds through four coherence 
volumes computed from four azimuthally-
limited seismic volumes. In addition to 
the strong northeast-southwest trending 
faults, the faults in the orthogonal 
direction are also imaged well, as shown 
by the yellow arrows. It has also long been 
recognized that attributes computed from 
such sub-volumes exhibit a lower signal-
to-noise ratio than those computed from 
the full-azimuth stack.

Multiazimuth Coherence

While OBS and node acquisition 
has become much more common over 
the past decade, wide-azimuth data 
acquisition has become almost standard 
in onshore 3-D surveys acquired in North 
America, particularly those acquired for 
resource plays where estimates of the 
maximum horizontal stress help define 
drilling and completion of horizontal wells. 
All of the larger acquisition companies 
can acquire and process wide azimuth 
3-D seismic data that results in either 
offset-sector or offset-vector-tile binning. 
The key steps in the processing of these 

volumes are the azimuthally-compliant 
premigration noise attenuation, 5-D 
interpolation to a set of regularly sampled 
(typically at 30 degrees) azimuthal spokes 
(or sectors), azimuthal velocity analysis, 
and spoke by spoke post migration noise 
attenuation. 

Similar to multispectral coherence, 
the covariance matrices are computed 
from the azimuthally-limited seismic 
volumes and oriented along structural dip, 
summed and then put through eigenvector 
computation of the summed matrix. 
Such a computation is referred to as 
multiazimuth coherence.

Application to Modern
Wide-azimuth Surveys

We demonstrate the application of 
multiazimuth coherence on a seismic 
volume from the STACK trend, in 
Oklahoma. In figure 2 we first show the 
stratal slices 22 milliseconds below a 
marker horizon at approximately 1,950 
milliseconds, through the traditional 

Figure 2: Stratal slices 22 milliseconds below a marker horizon at approximately 1,950 
milliseconds from (a) all azimuth energy ratio coherence, and (b) multi-azimuth energy 
ratio coherence. Notice the more emphasized definition of the fault lineaments on the multi-
azimuth coherence. The seismic data is from the STACK trend in Oklahoma. Data courtesy 
of TGS, Houston.

Figure 3: Stratal slices 78 milliseconds below a marker horizon at approximately 1700ms from (a) all azimuth energy ratio 
coherence, and (b) multi-azimuth energy ratio coherence. Notice the enhanced definition of the channel features on the multi-
azimuth coherence as shown in the magenta and green highlighted areas. The seismic data is from the STACK trend in Oklahoma. 
Data courtesy of TGS, Houston.

AAPG Member Kurt 
J. Marfurt serves as 
the Frank and Henri-
etta Schultz professor 
of geophysics within 
the ConocoPhillips 
School of Geology 
and Geophysics at the 

University of Oklahoma in Norman, Okla.
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Inspire Students During 
Earth Science Week
Innovation, problem-solving, and 

critical-thinking skills are as important 
to the arts as they are to the Earth 

sciences. That’s why Earth Science 
Week 2018 is celebrating the theme of 
“Earth as Inspiration,” promoting public 
understanding of the geosciences and 
emphasizing artistic expression as a 
powerful way of strengthening Earth 
science education in the 21st century.

Inviting you to lend a hand is none other 
than Sally Jewell, petroleum engineer, 
conservationist and former U.S. Secretary 
of the Interior. Named as “Earth Science 
Education Ambassador” by the American 
Geosciences Institute, Jewell is serving as 
national spokesperson for Earth Science 
Week.

“Throughout Secretary Jewell’s 
distinguished career as an engineer, 
business executive and public servant, 
she has demonstrated an appreciation 
for the Earth and how people connect to 
it,” said Allyson Anderson Book, executive 
director of AGI. “I believe Secretary Jewell’s 
enthusiasm – for learning about our shared 
Earth and inspiring children to understand 
how Earth is intertwined with our lives and 
culture -- is universal.”

Proving that point, petroleum geologists 
are joining millions of people worldwide 
in 2018 in studying, teaching and learning 
about Earth science. Earth Science Week 
has been organized by AGI with the support 
of AAPG each year since its inception in 
1998. This year you can lead the charge.

You can be part of a public awareness 
campaign that reaches more than 50 
million people each year. Just check out 
the website, EarthSciWeek.org, through 
which AGI offers instructional resources, 
ideas, and activities that you can use. 
For example, the brief, exciting “Big Ideas 
of Earth Science” videos cover nine key 
concepts of the geosciences. Online links 
provide related activities that you can use 
to delve into these ideas in a classroom, 
science center or other settings.

What’s more, a plethora of activities are 

organized to help you explore your favorite 
niche areas of the geosciences throughout 
the week.

World of Wonder

Opportunities abound in the 21st annual 
Earth Science Week. As a petroleum geologist, 
you’re invited to join the exploration.

What about our planet inspires you? 
If your sense of wonder only grows with 
understanding natural processes, then you 
may be awed by graphic depictions of data. 
Explore human interaction with the natural 
world through “Visualizing Earth Systems,” 
a recent addition to the Earth Science 
Week website at EarthSciWeek.org/
visualizations. In addition, the page links 
you to overviews provided by AGI’s Critical 
Issues Program, featuring information on 
timely topics.

The Education Resources Network of 
AGI’s Center for Geoscience and Society 
now provides the widest collection of free 
Earth science curricula, education activities, 
professional development, science 
education standards, virtual field trips, 
teaching ancillaries and more. To visit, go 
to the Earth Science Week homepage and 
click “Resources.”

Earth Science Week Citywide 
Celebrations will take place in Houston, 
Denver and the Washington, D.C. area, 
including special events and kit donations 
to local schools. Aligned with these events, 
AGI is supporting Energy Day Festival 
events in Houston and Denver.

Under a new price structure, the Earth 
Science Week 2018 Toolkit is free and 
available for the cost of shipping and 
handling. (To receive the toolkit, order 
online or call 703-379-2480.)

Contests

Would the promise of a prize incentivize 
your participation? You can be part of Earth 
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Focus on Fun

What’s more fun than learning 
about our planet? You can explore your 
particular passions by taking part in 
activities that home in on specific areas 
of the geosciences during Earth Science 
Week’s “Focus Days”:

u On Sunday, Oct. 14, International 
EarthCache Day allows EarthCachers 
worldwide to participate in geocaching 
“treasure hunts.”

u Earth Science Literacy Day, held 
Monday, Oct. 15, focuses on videos 
illustrating the field’s “Big Ideas” and 
related activities.

u Activities on Earth Observation Day, 
Tuesday, Oct. 16, engage students and 
teachers in remote sensing as an exciting 

and powerful educational tool.
u Focusing on paleontology, National 

Fossil Day takes place at schools, parks 
and other sites across the country on 
Wednesday, Oct. 17.

u On Geoscience for Everyone Day, 
Thursday, Oct. 18, geoscientists like you 
share the excitement of their careers with 
young women, minorities and others.

u Geologic Map Day, Friday, Oct. 19, 
promotes awareness of the importance of 
geologic mapping for education, science, 
business, and policy.

u Earth Science Week winds up on 
Saturday, Oct. 20, with the celebration of 
International Archaeology Day.

See Art page 23 u

This photo by Jill Holz was 
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T he balance between local and state 
regulatory authority is currently at 
issue in Kingfisher County, Okla., 

at the heart of the mostly-oil STACK 
play. In April 2018, the Board of County 
Commissioners of Kingfisher County 
revised its pipeline crossing permit to 
prohibit the use of produced water in 
temporary lines in the public roadway right 
of way. Temporary lines, or “lay-flat lines,” 
are high-density polyethylene lines that 
typically run adjacent to public roadways 
in active oil and gas areas. They serve the 
function of transporting water to well sites 
for drilling and completions, then taking 
away by-products such as flowback and 
produced water (usually to disposal or 
treatment facilities). The revised permit 
went into effect May 1, and considering 
the large volumes of produced water and 
disposal needs in Kingfisher County, it is 
causing considerable consternation among 
operators.

Local authorities, such as a board of 
county commissioners, are considered 
political subdivisions of the state, and 
as such they have no inherent powers 
except those granted to them by the state. 
Oklahoma statute expressly authorizes a 
board of county commissioners to “grant 
to any citizen the right to lay pipes and 
conduits under the surface of any road or 
highway under their jurisdiction, subject to 
such rules, regulations and conditions as 
shall be prescribed by the board of county 
commissioners.” 

In 1982, the Oklahoma attorney 
general issued an opinion interpreting 
this statute and found “there is specific 

statutory authority for a board of county 
commissioners to permit a private citizen 
to place a saltwater disposal pipeline in the 
right-of-way of a section line road.” Though 
the opinion stated that saltwater disposal 
lines were covered under the statute, it 
offered no clarification on the scope of 
the commissioners’ regulatory authority 
incidental to oil and gas activity.

State and Local Conflict

In 2015, Oklahoma enacted a law 
expressly limiting municipal, county or 
other political subdivision regulatory 
authority relating to oil and gas operations 
to “reasonable” rules and regulations 
(1) concerning road use, traffic, noise 
and odors; (2) setbacks and fencing 
requirements for well sites; and (3) 
for development of oil and gas within 
floodplains. The law provides that such 
regulatory authority “may not effectively 
prohibit or ban any oil and gas operations, 
including . . . produced water disposal 
. . . flow and gathering lines or pipeline 
infrastructure.” The law also states that, “all 
other regulations of oil and gas operations 
shall be subject to the exclusive jurisdiction 
of the Oklahoma Corporation Commission.” 

Notably, the Oklahoma Corporation 

Commission already has statutorily 
conferred “exclusive jurisdiction” to regulate 
the “handling, transportation, storage and 
disposition of saltwater, mineral brines, 
waste oil and other deleterious substances 
produced from or obtained or used in 
connection with the drilling, development, 
producing and operating of oil and gas 
wells,” including “the construction and 
operation of pipelines and associated 
rights-of-way.” 

In an opinion issued shortly after the 
passage of the statute, the Oklahoma 
attorney general acknowledged that it 
limits the regulatory power of political 
subdivisions to the aforementioned three 
exceptions, and to the extent that any local 
regulations conflict with statewide oil and 
gas regulations the local regulations are 
invalid.

Thus, although earlier interpretations 
of Oklahoma law suggest that county 
commissioners have authority to permit 
and otherwise regulate produced water 
pipelines within public roadway rights of 
way, more recent law and existing OCC 
rules and regulations indicate the OCC 
has exclusive authority to regulate the 
transportation and disposal of produced 
water. Although it appears the 2015 law 
supplants the commissioners’ more 

general authority, it remains to be seen how 
this local versus state regulation conflict 
will be resolved. 

In the meantime, operators in Kingfisher 
County will be forced to truck produced 
water to recycling or disposal facilities or 
otherwise negotiate private produced water 
pipeline easements with landowners to 
avoid using the public roadway right of way.

Produced Water Working Group

What remains clear is that the 
management of produced water in oil 
and gas operations is a pressing issue in 
Oklahoma. In an ongoing effort to better 
manage water resources related to oil and 
gas and further address water disposal 
issues raised by the induced seismicity, 
Gov. Mary Fallin formed the Produced 
Water Working Group in 2015 composed 
of 17 stakeholders, including members 
of the OCC, Oklahoma Department of 
Environmental Quality and Oklahoma 
Oil and Gas Association, to study and 
recommend appropriate reuse and 
recycling options for produced water. The 
group met in 2016 and 2017 and developed 
a number of produced water management 
scenarios ranging from de-brining and 
evaporation to surface discharges. The 
group evaluated costs and obstacles 
(including regulatory) associated with 
those scenarios. 

Through the course of these analyses, 
the group repeatedly raised the issue of 
regulatory uncertainty around ownership 

Produced Water Ban Creates Regulatory 
Conflict in Oklahoma’s STACK Play
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Responses to “Are There  
Benefits to Climate Change?”

Space doesn’t allow us to include all the 
responses to last month’s article covering 
Gregory Wrightstone’s talk at the Unconventional 
Resources Technology Conference, “How Rising 
Temperatures and Increasing CO2  Are Benefitting 
the Planet and the Human Condition,” nor some 
of the responses in their entirety. So, I want to 
apologize to everyone whose comments are 
not included here or are included but abridged. If 
anyone wants to see all of the responses thus far 
in their entirety, or to add your own, I direct you 
to the online version of the article at EXPLORER.
AAPG.org.  

Some of the responses were positive, but 
many were critical – critical of Wrightstone’s 
position and his supporting arguments, but also 
critical of the EXPLORER (i.e., me as the editor) 
for giving him coverage in the first place. 

Some of those criticisms were fair. Others, in 
my opinion, were less so. 

The assumption behind many of them 
appeared to be that our coverage somehow 
amounted to an endorsement of Wrightstone’s 
position.

For the record, none of our coverage of any 
issue or any given perspective on an issue should 
be taken as an endorsement – explicit or implicit 
– of that perspective. 

Also, the EXPLORER is – quite emphatically 
– not a scientific journal. Our content is not 
peer-reviewed. 

And that is a feature of the EXPLORER, not a 
flaw. 

Our other flagship publication, the AAPG 
Bulletin, is a scientific journal. The Bulletin exists 
to publish peer-reviewed scientific content. If 
the EXPLORER also did that, one of us would be 
redundant. 

No, the EXPLORER exists for an entirely 
different purpose. We provide news about Earth 
science, the industry and the Association, so 
our mission is different and unrelated to that 
of a scientific publication. While journalism 
and science have a great deal in common (or 
should, at least, when they’re done correctly), 
they are entirely different endeavors with different 
standards, purposes and methods.

That said, as the managing editor of the 
EXPLORER, it isn’t my place to weigh the scientific 
merits of Gregory Wrightstone’s arguments 
about the purported benefits of climate change, 
nor the scientific merits of anyone else’s position 
on climate change or any other issue. Naturally, 
I do have to weigh the news-worthiness of any 
given topic, but just because I deem it worthy of 
coverage does not amount to an endorsement or 
an evaluation of its scientific merits. That’s your 
job, as individual readers. My job is to give you the 
opportunity to do so, and I would be remiss in my 
duties if I did not. 

I understand that Wrightstone’s position is 
not a popular one, and I fully understood when 
I assigned the article to our correspondent, Ken 
Milam, that some readers would take exception 
to his arguments. That’s no reason not to cover 
it, though. That’s actually one of the best reasons 
for covering it – not to stir the pot or to publish 
click-bait by provoking controversy, but to give 
our readers the opportunity to evaluate his 
position for themselves. 

Some remarked that the article was too one-
sided, and that we should present “a balanced 
discussion of this complex issue.”

I agree wholeheartedly, but one of the 
difficulties of covering such a complex issue is 
that it simply isn’t possible to give due attention 
to all sides of it in a single sitting. That would be a 
daunting challenge even in the span of an entire 
book, much more a lone magazine article. 

We have included coverage of other 
perspectives on climate change in the pages 
of the EXPLORER before, though – some that 
reinforced the standard narrative, some that 
challenged it. And, we intend to continue doing 
so. This was something we considered before 
running this article. We know that as Earth 
scientists, our readers care very deeply about 
the Earth and the environment, which is why we 

cover this topic and we know that, as scientists, 
our readers want to know the data from all 
perspectives before coming to conclusions. 

Next month, I plan to include a rebuttal to 
Wrightstone’s arguments from one of our Visiting 
Geoscientists, Ray Leonard. We appreciate 
the discussion and debate that this has driven 
among our readership.

Brian Ervin
EXPLORER Managing Editor

Global Warming Not So Great for Some

How interesting, I am aware of this type of 
reasoning since the 1990s. I have not read the 
book but will do so. I cannot tell from this article 
if the author agrees with the concept of humans 
impacting global climate change or not. I recall 
that recently the former EPA head testified that 
he did agree that humans played a part in global 
climate change, but that perhaps warming was 
good, similar to how this article described the 
author’s points. Unfortunately, one pictures the 
editorial cartoon where fossil fuel company 
executives are sitting around a big fire, and one 
says to the other, “Throw some more coal to 
the fire, this is a great thing for everyone!” But 
of course, what is good for one person may 
not be so great for another person. I think of 
our African continent neighbors who in some 
places are going through terrible droughts. There 
is not enough food or water, yet they cannot 
freely migrate to other countries as the climate 
changes on them. Thousands of years ago 
humans could migrate more freely. We cannot 
now. Where do people go that live on coasts or 
live on islands, or are starving? Change is hard 
for humans, whether we do it to ourselves or 
not. The rich countries will adjust better than 
the poorer ones. And the poor have mostly not 
been increasing CO2  levels in the past. Subjects 
like this require great compassion for all people 
on this earth. I did not read that in this article. 
Perhaps the EXPLORER can now find another 
science author qualified to give a different 
viewpoint about some of the science presented 
here. Thank you.

Mary Barrett
DEG President

This report presents a one-sided picture; 
reporting should present all sides of this debate. 
An organization such as AAPG that purports to 
use science to find resources should present a 
balanced discussion of this complex issue. A full 
discussion is imperative for AAPG members to 
develop an understanding of all issues of climate 
change. This skewed presentation embarrasses 
me, a member since the 1960’s.

Robert William Scott

Climate Change “Debate”

As an Earth scientist, it distresses me to 
see a professional organization of which I am a 
member present incomplete and misleading data 
in support of a parochial view of an important 
global issue. While the author’s data may be 
“drawn from official government sites such as 
NASA, NOAA and peer reviewed studies,” they are 
truncated and skewed to tell only a fraction of the 
story. Perhaps Mr. Wrightstone should read the 
Fourth National Climate Assessment (https://
science2017.globalchange.gov/) cover to cover 
and incorporate data from the past decade into 
his graphs. Thank goodness business drivers for 
the development of low carbon energy resources 
will soon make this a moot argument as new 
technology provides clean and affordable energy 
to communities world-wide. Recent financial 
data reported by Bloomberg indicate that 
investment in fossil fuel supplies has dropped by 
30 percent from 2014 to 2016, while investment 
in renewables holds steady, supplying an ever 
growing consumption curve more efficiently. 
Mary, the cartoon that came to my mind while 
reading this article was that of the dinosaur at a 

Readers’ Forum
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podium lecturing his peers, and the caption, “the 
picture’s pretty bleak, gentlemen … the world’s 
climates are changing, the mammals are taking 
over, and we all have a brain about the size of a 
walnut.” 

Edith Newton Wilson

A Fact Not in Line with a Majority Opinion Is Not 
Proof of Flawed Science 

Gregory’s article lists observable facts not in 
question. I think we need more climate facts, not 
less. If only facts that fit with a certain narrative 
are presented and considered then there is no 
balance. Gregory’s article is that balance. After all, 
it isn’t like there is a dearth of climate-warming-
will-end-life-as-we-know-it narratives that are 
overwhelmed by volumes of contrary opinions. 
Quite the opposite. It reminds me of the aether 
debate where essentially the entire physics 
community had people who didn’t believe in, 
accept, and promote the presence of aether as 
a fact, ostracized, held in derision, mocked and 
marginalized. But then came Michelson, Morley, 
and Albert … 

Jeffrey Baldwin

It Is Time for Geoscientists to  
Offer Our Special Perspective

Humans seem to revel in thinking that 
major happenings over our tiny life spans are 
“unprecedented” or “the worst ever.” Geologists, 
dealing with deep time, know that many 
apparently unprecedented or catastrophic events 
have actually happened repeatedly and routinely 
throughout time. Science by blind consensus 
brought us spontaneous generation and the 
universe orbiting the Earth. That said, the wisdom 
of numerous dedicated, technically superb 
scientists, across a remarkably broad spectrum 
of research specialties, deserves our attention. 
I am presently fact checking Mr. Wrightstone’s 
presentation against a broader literature base. He 
presents a specific viewpoint (that anthropogenic 
CO2 and rising temperature isn’t all bad, and may 
have positive impacts). Some plots are truncated 
but cover most of the time anthropogenic CO2 
has been increasing; and other plots appear 
accurate, though contrary to the news we usually 
hear. Mr. Wrightstone suggests we should look 
at all of the data, not just information supporting 
pre-conceived notions. This knife of objective 
data assessment must cut both directions. As a 
scientific organization we can’t take a politically 
acceptable stance to avoid conflict, nor bury our 
heads in the sand, nor whitewash the impact 
of burning fossil fuels. Hopefully we will invite 
respectful, data-based discussion. If heat waves, 
fire and drought have spiked in the years after Mr. 

Wrightstone’s plots stop, we should extend the 
plots and objectively discuss the observations 
within the context of our knowledge of deep 
time. Ultimately, extremely costly policy decisions 
which will span multiple cycles of governmental 
administration must balance immense human 
need and dire energy poverty with protecting 
our precious planet. Geologists owe society our 
special perspective, hopefully derived through 
respectful and truly objective evaluation of data 
from modern, recent and ancient systems. It is 
up to us to actively join the discussion.

Lee Krystinik
AAPG Past President

Very refreshing to read an article about 
climate change that is not all gloom, doom, 
extremist alarmism and human generated 
catastrophe! I am very thankful that AAPG 
had the courage to publish Mr. Wrightstone’s 
presentation and not to hide behind the global 
political correctness that is swamping us. I read 
the book by Mr. Wrightstone titled “Inconvenient 
Facts: The science that Al Gore doesn’t want 
you to know.” I can honestly say that it was well 
written and easy for a scientist and long-time 
AAPG member, such as myself, to understand. 
He clearly stated in the book that the global 
environment is always changing. One need 
only look at the data regarding ancient and 
recent past climate cycling to understand 
this. Will some people suffer? Yes, this is 
inevitable. However, whether some islands will 
be submerged by rising sea level depends on 
tectonic plate warping, coral growth (which does 
keep up with rising sea level in the southern 
Pacific), cyclonic activity and other factors. Also, 
deserts will shrink and grow depending on glacial 
advances and precipitation which is driven by 
local oceanic current activity. Canada and Russia 
will be able to grow more wheat with the longer 
and warmer springs and summers! The oil 
industry has been horribly persecuted worldwide 
by environmental extremists whose only goal 
is to bully the public into toeing their agenda – 
regardless of who it hurts (anyone want to spend 
$3,000 more on a car with additional air pollution 
equipment when human input of CO2 to the 
global atmospheric budget is negligible?). This 
really has to do with obtaining power over people 
worldwide so that they can establish a “world 
order.” Environmentalism is just a tool for doing 
this! Thank goodness AAPG supports efforts to 
train and promote oil and gas geology. We will 
definitely need more fossil fuels of all kinds as the 
demand for concrete and steel continues! 

Raphael Ketani 
New York

I find very contrasting the articles featured 
in the August 2018 EXPLORER. One article 
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MISCELLANEOUS

More companies CHOOSE SES from 23 
geosteering apps. 3D petroleum engineering logic 
is uniquely embedded under the hood making 
it more accurate and valid for all directional 
drilling. SES contains practical, exclusive, enabling 
technologies that help get results. 18 years in the 
making and always getting better! Free trial and 
training available.

www.makinhole.com
Stoner Engineering LLC

* * * * * * * * * * * * * * * * * * * *

Dry Erase Geological
Globes of the Earth

Beautiful handmade globes for gifts, office or lab. 
Pangea globes now available. 
See explanatory notes online at  

www.realworldglobes.com

* * * * * * * * * * * * * * * * * * * *

Unique Petroleum Geology focused field trips 
on shelf to basin sedimentary transitions, source 

rock sequence stratigraphy, extensional and 
compressional tectonics. Courses are designed 
for multi-disciplinary resource exploration teams 
with special emphasis to tie subsurface data to 
outcrop. Small class size with jeep transportation.  
For more information contact  
riograndegeologyfieldtrips@gmail.com

POSITION AVAILABLE

Petroleum Geologist
Alaska Department of Natural Resources - 

Division of Oil and Gas
 
 Are you looking for a dynamic, exciting, 
professional work environment?
 The Department of Natural Resources, 
Division of Oil & Gas, is recruiting for a Petroleum 
Geologist.  The position is an exempt, full-time, 
permanent position, salary DOE.
 Please go to http://dog.dnr.alaska.gov/Home/
Newsroom for a complete job description and 
application instructions.
 The State of Alaska is an equal opportunity 
employer and supports workplace diversity.  
Individuals requiring accommodations call  
800-587-0430 Voice or 800-770-8973 TTY/TDD 
(Relay Alaska).

Classified Ads
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SEPTEMBER 2018     EXPLORER.AAPG.org

See Wrightstone page 22 u



features a whiz-bang new IBM AI-based adviser 
computer technology. And another features 
the musings on climate change of someone 
who has not published a single peer-reviewed 
research paper on the topic and who is an 
employee of an “action tank” as well as a “think 
tank”( https://www.heartland.org/about-us/index.
html) that advocates against action on climate 
change. Please explain to me how the editors of 
the EXPLORER have not violated AAPG Code of 
Ethics by featuring an article describing Gregory 
Wrightstone views? Mr. Wrightstone may be a 
good geologist but he is not an atmospheric 
scientist. AAPG loses credibility as a science 
and technology organization when it selectively 
chooses what science it accepts.

James “Jim” Rine

Pseudoscience

I am appalled that AAPG Explorer would 
publish an article touting the “Benefits of Climate 
Change” without any mention of opposing views 
and relying entirely on the opinions of Gregory 
R. Wrightstone. Mr. Wrightstone’s conclusions 
have never passed the scrutiny of scientific peer 
review nor has his work been published by a 
reputable scientific journal (including any of the 
scientific publications of AAPG). His book was 
self-published, as I presume that no legitimate 
publisher would take it. He uses “cherry-picked” 
published data and incomplete data sets to 
draw dubious conclusions. This is classic 
pseudoscience. In fact these standards are 
even lower than that of your average creationist 
publication. What this comes to is downright 
irresponsible journalism on the part of the 
EXPLORER staff. What is worse is that the quality 
of legitimate AAPG scientific publications is 
brought low in the eyes of the rest of the scientific 
community as well as the public. I already have to 
fight with colleagues who question the scientific 
quality of AAPG outlets where I publish. For the 
record, I have been a member of AAPG for 44 
years. For the past 30 years I have taught and 
conducted research in sedimentary geology 
at major American and European Universities. 
I also have been employed, at various times, 
in the petroleum, minerals and environmental 
industries.

Jay M. Gregg

Peer-Review EXPLORER

I think the time has come for AAPG to 
implement a peer-review system for the 
EXPLORER. GSA does it for GSAToday and AGU 
does it for Eos. As an active member of the 
organization, I find this a bit distressing.

Lorena Moscardelli

Benefits of Global Warming

Thanks for publishing Wrightstone’s article 
that brings back a geologist’s perspective. The 
counterpoints in the comments to the article 
are filled with passionate words like “nonsense,” 
“climate apologism,” self-styled “distressing,” 
“appalling,” “garbage,” “pseudoscience,” etc. 

Let’s not forget that passion is inimical to 
rational thinking. Graham Brown has mentioned 
‘AAPG Studies in Geology No. 47 “Geological 
Perspectives in Global Climate Change.’ To 
add, I request the members to watch BBC’s 
“The Big Freeze” from the Earth Story series 
and read Rothman, D.H. 2002. “Atmospheric 
carbon dioxide levels for the last 500 million 
years: Proceedings of the National Academy of 
Sciences USA 99”: (4167-4171). 

Before turning abusive, we may like to ask 
ourselves these questions. a. Did warming 
and cooling happen umpteen number of times 
before humans appeared on Earth? If yes, have 
the natural factors controlling such events 
disappeared with the advent of humans? b. Did 
sea encroach and withdraw from land masses in 
past cycles; what do the oilfields producing from 
marine sediments deep inside the land masses 
tell us in that context? c. Isn’t CO2 plant feed and 
the rise in CO2 results in spread of greeneries 
as Mr. Wrightstone postulates, quoting various 
third-party studies? d. Can we control solar 
activities and the ocean currents which are the 
biggest climate drivers or even smaller drivers 
like the volcanoes? e. in the name of controlling 
climate, aren’t we trying to control pollution? 
That is a worthy cause to pursue. Why give it a 
big, self-deceptive name? Notwithstanding the 
larger than life ego the humans carry, they are a 
minor constituent of the natural system. It might 
be judicious to accept that one component of 
a particular system cannot comprehend the 
system as a whole, let alone control it. It would be 
definitely better and easier to adapt to changing 
climates rather than trying to discipline nature at 
a huge cost.

Arijit Chaudhuri 

all-azimuth energy ratio coherence 
and the multiazimuth energy ratio 
coherence volumes. Note the enhanced 
definition of the northeast-southwest en 
echelon faults and the other east-west 
fault lineaments on the multiazimuth 
coherence display.

Figure 3 show a similar set of stratal 
slices 78 milliseconds below a marker at 
1,700 milliseconds through the traditional 
all-azimuth energy ratio coherence and 
the multiazimuth energy ratio coherence 
volumes. Note the overall better definition 
of the main channel features, especially 
the smaller channel features enclosed 
in the highlighting magenta and green 
ellipses.

In summary, we state that 

multiazimuth energy ratio coherence 
computed by summing the covariance 
matrices in the computation windows 
from the different azimuthally-sectored 
seismic volumes exhibit higher 
signal-to-noise ratio and higher lateral 
resolution on the displays. We find such 
improved resolution coherence attribute 
volumes prove to be most useful in the 
interpretation of discontinuity features 
such faults and stratigraphic edges. 
With wide azimuth surveys becoming 
more commonly available, we encourage 
interpreters to request the resulting 
azimuthally-limited sub-stack volumes as 
part of their interpretation workflows.  EX

PL
OR
ER

Editors Note: The Geophysical Corner is a 
regular column in the EXPLORER, edited 
by Satinder Chopra, chief geophysicist for 
TGS, Calgary, Canada, and a past AAPG-
SEG Joint Distinguished Lecturer.
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Science Week’s celebration by entering – or 
helping a young person to enter – one of 
the program’s contests in visual arts, essay 
writing, video production and photography.

Students, geoscientists and the general 
public are invited to participate in the photo 
contest. For the “Inspired by Earth” photo 
contest, entries must be composed of 
original, unpublished material, and show 
how Earth serves as inspiration for art – or 
simply a view of the natural world that is 
inspiring.

“Earth and Art,” this year’s visual arts 
contest, is open to students in kindergarten 
through fifth grade. Essays by older 
students must address the idea of “Finding 
‘Art’ in Earth.” 

Finally, AGI invites people of all ages to 
enter the “Earth Expressions” video contest 
by submitting a brief video that shows 
viewers how people affect Earth systems 
or vice versa.

Each contest winner receives a prize of 
$300 and a copy of AGI’s “The Geoscience 
Handbook.” What’s more, each winning 
entry is celebrated on the Earth Science 
Week website. For all contests, entries 
may be submitted up to the Friday of Earth 
Science Week, Oct. 19, 2018.

Your Vital Role

It’s not so hard to venture into a 
classroom, talk with students, and lead 
a hands-on geoscience activity. For a 
start, search the Earth Science Week 
website’s collection of more than 120 
learning activities that align with the Next 
Generation Science Standards. Perhaps 
most useful, you can search among 24 
categories of Earth science topics, from 
energy and environment to plate tectonics 
and weathering.

As a petroleum geologist who wants 
to enhance young people’s education, you 
can get more helpful hints from “Visiting 
Geoscientists: An Outreach Guide for 
Geoscience Professionals,” a handbook 
co-produced by AGI and AAPG’s Youth 
Education Activities Committee.

Geoscientists just like you are spending 
the week visiting schools and leading 
field trips, especially at the K-12 level. 
They’re providing unique insights based 
on their training, experience, and firsthand 

knowledge of the workplace. The handbook 
offers strategies, resources, sample 
activities, and more. Download it at www.
agiweb.org/education/aapg/.

If you’re hosting an Earth Science Week 
2018 event such as an exhibit, tour, lecture, 
or open house, the new Earth Science Week 
Event Registry enables you to promote your 
event more effectively than ever. Simply 
provide a few key details at EarthSciWeek.
org/content/register-your-event. Fill out 
the online form and let the Earth Science 
Week team, and the world, know about your 
event.  EX
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Geoff Camphire is Earth Science 
Week Program Manager at the American 
Geosciences Institute. For more information, 
visit EarthSciWeek.org or email info@
earthsciweek.org.
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of produced water and obtaining rights of 
way for larger water transfer systems and 
urged agencies to promulgate rules related 
to produced water. Aside from failed 
proposed legislation in 2017 (the Oil and 
Gas Produced Water Recycling and Reuse 
Act), which mostly related to ownership 
and compensation related to produced 
water, Oklahoma has yet to develop 
statewide regulations for the management 
of produced water other than the OCC’s 
current disposal well and pollution 
abatement regulations. 

Some might argue that the OCC’s 
current pollution abatement regulations 
sufficiently cover the environmental 
and public health risks associated with 
transporting produced water. However, 
in the absence of statewide regulations 
for the management and disposition of 
produced water, including use of public 
roadway rights of way, concerns such 
as those raised in Kingfisher County will 
continue and local authorities may attempt 
to intervene under questionable legal 
authority.  EX
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Preparations are already under way for one 
of AAPG’s flagship events, the prestigious 
2019 Imperial Barrel Award competition. 

Registration opens Sept. 14, 2018.
A joint program of AAPG and the AAPG 

Foundation, the annual IBA competition gives 
teams of graduate geoscience students the 
opportunity to win scholarship funds in a global 
arena of rigorous competition. Using their 
knowledge of geoscience and applied practical 
skills, the teams conduct analysis on actual real 
world datasets provided by some of the top 
petroleum energy companies on the planet.

In their data analyses, teams are required 
to complete a technical assessment of the 
basin/area assigned, define key elements 
and risks of the petroleum systems 
and make recommendations for future 
exploration activity.

The teams’ analyses results are presented 
before a panel of industry experts at their 
respective AAPG section and region semifinals. 
The judges select the top winning teams 
based on criteria of technical quality, clarity and 
originality of presentation. These top-tier teams 
then continue to the final global competition at 
AAPG’s Annual Convention and Exhibition held 
May 19-22, 2019, in San Antonio.

At the finals, each team is allowed 25 
minutes to present before the judges’ panel. 
Winners are announced and awards are 
presented at the IBA awards ceremony, held 
immediately before the ACE opening session.

Awards include the first place Imperial 
Barrel Award with a scholarship award of 

$20,000, the second place Selley Cup with 
a scholarship award of $10,000, third place 
Stoneley Medal with a $5,000 scholarship 
award, and remaining teams each receive 
honorable mention and $1,000 in scholarship 
awards.

AAPG, the AAPG Foundation and corporate 
sponsors provide funds for the winning 
semifinals teams to attend the global finals 
competition at ACE, including transporation, 
housing and convention registration. 

Value to Their Career Potential

The IBA affords students the opportunity 
to prepare for their future careers in the energy 

industry and network with potential employers, 
to flex their theoretical and practical skills 
using state-of-the-art technology and 
actual materials, to work on a collaborative 
team, to gain experience in presenting their 
findings and to earn honors, accolades and 
scholarships associated with the competition.

Dean Lee R. Kump of the College of 
Earth and Mineral Sciences at Pennsylvania 
State University said the experience of 
participating in the IBA “helps students 
learn about the science behind oil and gas 
prospecting” and “fosters scientific research, 
inspires high professional conduct, increases 
public awareness of geology and creates 
professional development within the field.” 

The team from Penn State brought home 
the third place Stoneley Medal from last year’s 
global competition and the second place 
Selley Cup in 2016.

AAPG has operated the IBA competition as 
a program concept since 2007, but the “Barrel 
Award” itself originated in 1976 at Imperial 
College in the United Kingdom. At that time, 
students interpreted seismic data from the 
North Sea using colored pencils. 

Today, under the auspices of AAPG and 
the AAPG Foundation, the IBA competition 
has expanded to include more than 4,500 
student participants representing nearly 500 
universities from every AAPG section and 
region, and in almost every country in the 
world. 

Technology has also changed since 
that time. A number of companies donate 
software for use in the IBA competition 
each year, including AAPG Datagpages, dGB 
Earth Sciences B.V., Hampson-Russell, Ikon 
RokDoc, LMKR, Palisade, Paradigm, PRA, 
Serius, Schlumberger, SeisWare-Recon and 
IHS Markit. 

The IBA competition encourages 
excellence in tomorrow’s geoscientists, the 
quest for new technologies and creative 
problem solving in the energy sector and 
contributes to strengthening the future of the 
petroleum industry. 

To find out more about the IBA 
competition, visit the 2019 AAPG Imperial 
Barrel Award website at iba.aapg.org or email 
a programs coordinator at iba@aapg.org.  EX
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Imperial Barrel Award 2019 Competition 
Registration Opens Soon

Foundation Update

First place 2018 Imperial Barrel 
Award winning team – University 

of Louisiana at Lafayette.
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AAPG was founded around the 
concept of good geological science 
applied by professionals to oil and 
natural gas development. Our origins in 
1916-18 happened when the world was 
watching petroleum help determine a 
world war’s outcome. Hydrocarbons 
are, and will continue to be, important 
to meet the world’s energy demands for 
many decades. But we must continually 
reduce fossil fuels’ impact – something 
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this industry has been doing for about 
100 years (at times too slowly for some). 
Many people in every industry generation 
thought that their environmental demands 
were almost too much, just too big – but 
looking back, they never were, really. And 
mistakes were made due to not heeding 
changing standards or society’s demands. 
Now those demands seem even bigger as 
we consider not just the day-to-day work of 
conventional and unconventional resource 
development, but the staggering demands 
of our worldwide community. We are 
ready for such a challenge, each of us and 
collectively. We know history, and we know 
ourselves..  
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It’s unusual for an article in the EXPLORER to 
create an online firestorm. But as you can 
see, if you’ve paged through this issue to 

the Readers’ Forum, or followed the back and 
forth on Twitter or reviewed the comments 
submitted on the EXPLORER webpage, that’s 
what occurred in response to an article by 
veteran correspondent Ken Milam entitled, 
“Are There Benefits to Climate Change?” in last 
month’s issue.  

And while Oscar Wilde, the 19th-century 
poet, once observed that “There is only one 
thing in life worse than being talked about, 
and that is not being talked about,” we’re not 
practicing tabloid journalism nor trying to be 
deliberately provocative.  

So, why did we publish the article?
It’s important to note that there is a major 

distinction between the EXPLORER and the 
Association’s two peer-reviewed scientific 
journals: the AAPG Bulletin and Environmental 
Geoscience. These technical journals, led by 
scientists elected by AAPG Members, are in-
tended to communicate and support scientific 
inquiry and advances.

EXPLORER was created more than 30 
years ago to be a news magazine that featured 
articles of interest and use to AAPG mem-
bers, as well as a showcase of Association 
news and highlights. AAPG hires professional 
journalists to manage and edit EXPLORER, 
and its approach is journalistic with a focus on 
reporting.

We do occasionally invite and publish 
commentary from members and others in 
EXPLORER. But most commonly its stories are 
written by correspondents about an event or 
issue that we believe is worthy of coverage and 
of interest to our readers, which brings us to 
the article in question.

Milam was assigned to report on an invited 
presentation by Greg Wrightstone, a past 
president of AAPG’s Eastern Section, based 
on a recently self-published book on climate 
change, at the Unconventional Resources 
Technology Conference in July. Here was an 
AAPG Member and past section officer speak-
ing about climate change – an issue of interest 
to many of our members, who had been invited 
by a group of his geoscience and engineering 
peers to present at a topical breakfast – not a 
technical session – at a major conference.

Based on those journalistic aspects we 
decided to publish the story.

Recognizing that Wrightstone’s views on cli-
mate change diverge from the mainstream, we 
wanted to provide additional perspective. So, 
the cover photo of last month’s EXPLORER and 
accompanying profile introduced us to Paola 
Tello Guerrero, a petrophysicist and environ-
mental activist from Bucaramanga, Colombia, 
now living in the United Kingdom. We highlight-
ed her activism on climate change as she talks 
to kids about Antarctica and stewardship of the 
planet.

Wrightstone and Guerrero represent two 
distinct perspectives on the issue of climate 
change, and there are many more. They also 
have different approaches to how they engage 

the issue. Each person’s  perspective is framed 
by our worldview, personal history and other 
experiential or ideological factors. That doesn’t 
mean all perspectives are equally valid or ac-
curate. Some are better supported by data and 
our scientific understanding than others. Some 
are undeniably true, while others are demon-
strably false. And between those two extremes 
is where most of life, including most scientific 
inquiry, occurs. It’s messy, but it is reality.

It’s been more than a decade since AAPG 
has had a significant discussion about climate 
change, and that one was wrenching.  

The responses of our readers to the pub-
lishing of this article has brought us back 
to the topic, and as I’ve read the responses, 
both supportive and critical, they reveal 
things about us: 

u There is tension between our mission as 
geoscientists seeking to advance our science 
and our role as petroleum professionals, in the 
business of finding and economically produc-
ing hydrocarbons. As a professional associa-
tion AAPG encompasses both the science and 
business of petroleum geology.

u There is tension as society, reliant upon 
us to meet the ever increasing demand for 

energy in both the developed and developing 
world, frequently demonizes the community of 
petroleum professionals who work diligently to 
ensure that very supply.  

u There is tension about how the planet – 
how we as a species – adapt to a changing 
climate, without bankrupting global economies 
or pushing developing countries into deeper 
energy poverty. Debating the causes of the 
changes we observe in the data is simpler than 
the difficult, complex conversations and even 
tougher task of forging public consensus on 
how humanity can adapt, survive and thrive 
amidst change.

Addressing these tensions is the work 
ahead. Much will be accomplished outside our 
sphere of influence, but we have a scientific 
and professional duty to contribute to the 
discussion.

AAPG President Denise Cox has described 
for us a vision of sustainable petroleum devel-
opment. As part of that effort, we’ll be revisiting 
AAPG’s statement on climate in light of current 
science. But our goal is about much more than 
climate change. Our goal is to involve AAPG in 
a global conversation of how what we do as 
petroleum geoscientists benefits the planet, 
and the people on it.  

That is an essential conversation to have, 
first among ourselves and then with the 
broader community.  We’re not always going to 
get it right, but it is a task that we cannot turn 
away from.

Some Thoughts on ‘Are There Benefits To Climate Change?’

As I left one of the July 2018 URTeC 
talks that somehow spoke to the 
future of energy development and/or 

sustainable development, I overheard two 
young professionals in conversation. One 
said to the other something like, “Is another 
word for this … brainwashing?”  

I was delighted with such questioning 
and aware minds, and I entered into a 
conversation with them. Their view of 
the future is very middle-of-the-road: 
hydrocarbons, especially natural gas, will be 
the transition to a more renewable-based 
energy future, but the rate of that change 
is unknown and dependent on factors way 
beyond three people talking.

This column was already in my mind on 
how to follow AAPG President Denise Cox’s 
column in the July EXPLORER concerning 
“sustainable energy development” (or 
similar phrases we hear). But their 
questioning of a pro-hydrocarbon talk that 
spoke to the good that this industry does 
drove home a point to me. How do we tell 
our stories, and how have we done so in the 
past? The term “brainwashing” reminded 
me of the more modern word “gaslighting,” 
a term derived from the 1938 play named 
“Gaslight” and its 1940s film adaptations. 
Its usage refers to psychologically 
manipulating a person to the point of that 
person questioning reality in an attempt to 
believe the deceiver’s story. 

Well, that is not what I heard in the 
talk! AAPG and other industry leaders, 
in wanting to encourage our scientists, 
engineers and the general public, wish to 
tell the many good stories. That is what I 
heard, but since time has exposed me to 

some less positive energy stories, I could 
take the talk in stride. 

Mastering the Story

While some of you know my past as 
a sedimentary geologist interested in 
reservoir dynamics and improved recovery, 
both in industry and later as a college 
professor, about 23 years ago I became 
hooked on the history of oilfield waste 
and its impact in the United States. I have 
dedicated myself to finding and saving as 
much publicly available documentation 
as possible on the history. I met my first 
attorneys after 10 years of this work. 
Attorneys, both defense and plaintiff, are 
masters of the story. These experiences 
profoundly shaped me in watching both 
myself and others tell stories, including 
litigation attorneys and those hired as 
their experts, and those telling larger 
public stories about fossil fuels and the 
environment.

How has the hydrocarbon industry 
historically told its stories and addressed 
issues that are still represented in the 
modern sustainable development goals? 
Several goals are just part of the more 

basic concept of taking care of the 
environment and properly managing 
our industry wastes. So, like any good 
geologist that has collected a lot of data 
(documents), I reviewed many 20th century 
and early 21st century hydrocarbon 
industry “high-level” writings. These 
historical interpretations or stories are of a 
broader nature that generally reflect in part 
what continues to be expressed in modern 
sustainable development presentations 
and writings of the industry.

My reviewed industry writings from 
1926 and onward included technical journal 
articles, trade journal articles, law journal 
articles and publicly available company 
documents. 

Industry people told environment-related 
stories in a variety of ways: 

u Descriptive (more technical) writings 
of technology or techniques used at that 
time to prevent “unacceptable pollution” 
(and this changing standard is quite 
obvious over the decades) 

u Descriptive writings of the 
environment-related regulatory frameworks 
that existed during different time frames 

and how they were changing 
u Observational (more “big-picture”) 

writings on what the industry was doing 
and how much money was being spent to 
prevent unacceptable pollution 

u Observational writings about how 
society was looking unfavorably or not 
appreciating the work and money put 
forth by industry for social development, 
environmental protection or pollution 
prevention 

u Observational writings of how 
environmental and social expectations 
were changing for the industry 

u More futuristic plans on how industry 
was changing to meet regulatory and 
society’s environmental expectations 

By the 1990s and into the early 21st 
century, general hydrocarbon industry 
articles and company documents began 
molding the sustainable development 
concept. At this point in my readings, 
though, my head was spinning around from 
seeing much of history being repeated 
over and over. I was finished with my 
research. I realized I do not have to tell you 
about sustainable energy development. 
AAPG President Cox did a great job in her 
EXPLORER column. If you want more, 
possibly your company has worked on this, 
or you can just Google the term. And if you 
do not want more, fall back on common 
sense. Just do the right thing to the best of 
your ability as it concerns the environment 
and the societies where you conduct your 
business.

By MARY BARRETT, DEG President

BARRETT

CURTISS

Hydrocarbons are, and will continue to be, 
important to meet the world’s energy demands for 
many decades. But we must continually reduce fossil 
fuels’ impact – something this industry has been 
doing for about 100 years.

There is tension about how the planet – 
how we as a species – adapt to a changing 
climate, without bankrupting global 
economies or pushing developing countries 
into deeper energy poverty.
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