
The Epicenter of 
Geophysical Excellence

GEOPHYSICAL SOCIETY OF HOUSTON
Volume 11 • Number 5

GSHJournal
Jan 2021 

Technical Article: 
Applications of Generative Topographic Maps on  
Post-stack Data to Enhance Carbonate Reservoir Characterization – Page 9

Doodlebugger Diary:  
WHEN DOODLEBUGS RULED THE EARTH  
Pseudo-Geophysical Devices in Oil Exploration – Page 31

Live Webinar:  
Jan. 27 & Jan 28, 2021 Microseismic Monitoring: What I Have  
Learned in the Last Four Years – Peter M. Duncan, PhD – Page 6

GSH Sporting Clays: Save the Date: March 6, 2021 – Page 19



Back to IndexGeophysical Society of Houston 2  Jan 2021

On The Cover.

Winter Seismic 
Surveying in Alaska. 

Photo courtesy of 
Global Geophysical.

To ensure your information reaches the 
GSH members in a timely manner, please 
note the following deadlines and plan 
accordingly.  Please submit your articles and 
any questions to Alvaro Chaveste, editor, at 
AlvaroChaveste@hotmail.com

GSH JOURNAL DEADLINES 
Mar 2021 .............................................. Jan 11

Apr 2021 .................................................Feb 8

May 2021 .............................................Mar 15

•
•

  
L

O
O

K
 I

N
S

ID
E

  
•

•
 

•
•

 C
H

E
C

K
 T

H
IS

 O
U

T
 •

•
 •

•
 F

E
A

T
U

R
E

S
 •

•
 •

•
 M

E
E

T
IN

G
S

 •
•

TABLE of  CONTENTS

© The Geophysical Society of Houston retains all rights and privileges to 
the content hereof.  No reproduction or usage of content is allowed without 
express written permission of The Geophysical Society of Houston.

E
D

IT
O

R
’S

 N
O

T
E

 3 •••  Organization Contacts

 4 •••  A Word From the Board 
By Klaas Koster,  
President Elect

 5 •••  From the Other Side 
By Lee Lawyer

 8 ••• Annual Sponsors 

21 •••  Mystery Item 
Do You Know What This Is?! 

23 ••• Corporate Members 

25 •••  Geoscience Center 
The History of Geophysics  
By Bill Gafford

Technical Events 7|
Unconventional SIG 
The Application of Machine Learning Technology to High-
Resolution Earth Model Generation and Elastic Log

Data Processing and Acquisition SIG 
Learning from Migration and Demigration: A Practical 
Approach for Fast Denoising

NextGen: Under a Different Rock 
Applications of Ground-Penetrating Radar (GPR) 

Technical Lunch 
The Crafting of the Geophysical Sustainability Atlas: Mapping 
Geophysics to the 17 U.N. Sustainable Development Goals

Technical Article  9| 
Applications of Generative Topographic Maps on  
Post-stack Data to Enhance Carbonate Reservoir 
Characterization

Tutorial Nuggets  16| 
An Improbable Tutorial

Doodlebugger Diary 31| 
WHEN DOODLEBUGS RULED THE EARTH  
Pseudo-Geophysical Devices in Oil Exploration

Live Webinar 6| 
Jan. 27 & Jan 28, 2021  
Microseismic Monitoring: What I Have Learned 
in the Last Four Years - Peter M. Duncan, PhD 

GSH Gets Down to Business 6| 
A New Business-Oriented Online Series 

Under A Different Rock 8| 
Lecture Series

GSH Sporting Clays 19| 
Save the Date: March 6, 2021

U of H Wavelets 20| 
University of Houston Sheriff Lecture Student  
Poster Competition

Spring Symposium and Expo 22| 
Save the Date: April 27-28, 2021 
How DATA ANALYTICS and A I Will Change  
Our Industry

GSH Movie Time 23| 
How I Became a Geophysicist (2/2) 

Live Webinar 27| 
Save the Date: April 12-15, 2021  
Velocities, Imaging, and Waveform Inversion -  
Dr. Ian F. Jones, ION Geophysical 

GSH-SEG Webinar Series is Online 29|



Back to IndexGeophysical Society of Houston 3  Jan 2021

GEOPHYSICAL SOCIETY OF HOUSTON ORGANIZATION CONTACTS  
Karen Blakeman, Office Director • Kathy Sanvido, Webmaster/Membership Manager
14811 St. Mary’s Lane, Suite 204, Houston, TX 77079 • Office Hours 8 a.m. - 5 p.m.

Phone: (281) 741-1624 • Fax: (281) 741-9364 • Email: office@gshtx.org • Website: http://www.gshtx.org
GSH Board of Directors = GSH Executive Committee + SEG Section Representatives

mailto:office@gshtx.org
http://www.gshtx.org


Back to IndexGeophysical Society of Houston 4  Jan 2021

I write this column as I 
overlook a nice lake in 
South Carolina where 
the leaves have turned, 
and the temperature is 
comfortably in the 70s. 
An unexpected, but 
very welcome, outcome 
of the work-from-home 
era – a word I use in 
the expectation that the 

days of working all day, every day, in an office are 
permanently behind us. A year ago, E&P companies 
were merely considering if they could prudently 
permit their employees to work from home a few 
days each month. Most concluded that this would 
not work. We know what happened next: almost all 
office-based work ceased in March and was quite 
successfully replaced, literally overnight, by work 
from home. Discussions in E&P companies nowadays 
are more about which people should still show up in 
an office from time to time, after COVID-19 is under 
control. There appears to be wide acceptance that 
few of us will need to be in the office all the time.

If working in an office indeed becomes the exception, 
what does that mean for local professional societies in 
general and GSH specifically? My own main reasons 
for joining a local society are to learn from technical 
talks and enjoy the face-to-face interaction with peers 
that happens before and after it. I also know that we 
have a significant group in the GSH who use fishing, 
golf, or clay shooting as their excuse to go out and 
meet in person with peers from across the industry. 
But, what if far fewer people will show up for these 
events next year, because they are no longer in an 
office in Houston? How many would still want to be 
GSH members if all GSH does is stream videos of 
tech talks?

Presenters may also wonder if it is the best use of their 
time to give the same talk several times as a live video 
stream for a small number of people associated with 
a local society. I have done this recently half a dozen 
times. Would it not be better to make one, high-
quality recording and allow anyone with an interest in 
the subject to stream it on demand? You would need 
a way to archive and search videos, but e.g. YouTube 

already has that. In fact, the European professional 
society has a ‘channel’ that is a great resource for 
such high-quality tech talks. It is inefficient to have to 
search through the archives of multiple local societies 
to find a talk of interest; a centrally maintained, 
searchable repository would be better.

GSH has a large cash reserve, so GSH can persist 
with what we have always done and hope for a 
return of pre-COVID-19 membership and corporate 
sponsorship income to cover the costs of running 
GSH. Many of us have gone through at least one 
low-oil price period and have seen the subsequent 
recovery. GSH could stay the course, avoid doing 
anything rash, and trust that it will once again thrive – 
say some. However, simply waiting for better times, 
while burning through financial reserves at a rapid 
clip may not be the best way to serve the science 
and profession. Note that the fixed costs of running 
GSH are currently a multiple of its income from  
membership dues.

Here is a wild idea: recast independent local 
societies as local chapters of a large organization 
that provides the business backend. This would get 
rid of all the expensive and time-consuming business 
of running a multitude of independent, non-profit 
organizations: finance, accounting, taxes, invoicing, 
collecting, payment processing, investments, 
membership administration, advertising, webhosting 
and e-publishing could all be centralized. The 
local chapter can then focus on its core business of 
promoting the science by merely identifying in-person 
social and technical events speakers. Volunteers are 
still required on the ground, but the booking of the 
venue, contracting, online advertising, invoicing, 
processing of payments, and so on is all organized 
by the backend organization. If there is limited 
interest for in-person events, then there is no struggle 
to pay huge, fixed bills.

This envisioned organizational structure does not 
currently exist; it uses elements from Student Chapters 
and Local Sections as defined by e.g. SPE and SEG. 
If there were interest in pursuing this idea, an ad-hoc 
committee would have to be formed to work through 
the details and make a recommendation to the GSH 
members and the Board.  □

A Word from the Board 
By Klaas Koster, President Elect
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From the Other Side  

By Lee Lawyer

This column is a follow up 
to the TLE of Oct 2020. 
The subject is Artificial 
Intelligence. FTOS uses 
AI. Those of you who 
know me will confirm 
that I also use artificial 
intelligence. I have a 
learning phase. I input 
the data and out pops a 
great FTOS. It does not 
get any better than that. 

My reader(s) however ask, “How does he do 
that?”.  I tell them that it is all in the system. 
They look satisfied with that explanation.   
I know that because I am still writing this column 
after 25 years. 

I read a lot of articles on how to train AI (or 
a machine).  They say machine learning. 
In the good old days, the machine was a 
computer that was controlled by a series 
of commands (code). We did not teach it 
anything. We did not train it. We knew exactly 
what was going on. The machine (computer) 
obeyed us in every detail. When I told it to 
multiply two times two, it obediently came up 
with four. Everyone who is over 80 knows 
these things.

Today “We go round and round and where we 
stop, nobody knows”. Well, I want to know. Is 
AI a computer program? Is it a computer with a 
bunch of code (C+++++) that does something 
we tell it to do? I want to know what causes that 
something.  To clarify, I want to know if using 
the IBM AI “program” gets the same results 
as any other AI “program”. Is it necessary for 
our research guys to create code for AI that 
is unique and gives the same answer to the 
same input data set? That seems reasonable, 
but I input data to my AI system (brain) and 
get different answers all the time. Do I need 
different code or additional training? Do  
not answer. I have been kidding (mostly). AI 
is data driven traditional processing is physics 
driven. End of message.

The new year brings a lot of changes. It 
has been a long time since we have had a  
technical luncheon with food. The SEG 
cancelled their Annual Meeting scheduled 
for October in Houston. We have converted 
to online, masks and social distancing. I 
have heard that the SEG is looking for a new 
Executive Director, which would be housed in 
Houston! I have not heard how much of the 
SEG’s organization is scheduled to come to 
Houston. I do not think the GSH relationship 
with the SEG will change materially if 
they place a large office here. The Tulsa 
Geophysical Society is a chapter of the SEG 
as is GSH. The GSH Chapter status with  
the SEG was signed in 1947 (+/ -). 
Other than that, the GSH has no other 
legal connections with the SEG except 
some narrowly drawn MOUs (Memo of 
Understanding). Most of us are members of 
the SEG.  Best description is that we cooperate  
with the SEG.

I personally do not see much value in the SEG 
move to Houston. A move like that costs a 
lot of money along with significant personnel 
problems. I see very little return on that 
investment. Climate change and a potentially 
smaller Petroleum Industry will be factors.  
By the way, Maurice Nessim, President of the 
SEG, wrote a good column in the November 
TLE. You missed it??? Shame. I used to compare 
reading the President’s Page with watching  
paint dry. I have reformed and read it now and 
then. I quote Maurice:

The dire, unforeseen intersection of plunging 
oil prices due to oversupply and the collapse 
in demand due to the coronavirus outbreak 
has left us with record-setting decreases 
in exploration and production spending, 
which we know inevitably leads to lower  
geophysical investment.

He continues with some interesting possibilities. 
Come on now. You can read it. No Tensors or 
jargon, just plain English.  □
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A Live Webinar

“In 2016 I presented a 2-day overview of microseismic monitoring as I understood it at that time. Over the 
last four years the application of microseismic data, particularly to the development of unconventional 
resources through hydraulic fracturing, has made great strides particularly through integration with other 
reservoir geology and engineering practices. In this course I will try to bring you up to date on what has 
been accomplished using case histories of recent projects.”

Microseismic monitoring: what I have 
learned in the last four years

A Live Webinar

Peter M. Duncan, PhD

10:00 am – 2:00 pm

President & CEO, MicroSeismic, Inc.

January 27 & 28, 2021

All sessions are recorded and available on-demand to attendees.

Sponsored by

                                                                                                             

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                
 

Interested vendors please contact the GSH at 281.741.1624 or office@gshtx.org 
 

GSH Gets Down to Business: a new business-oriented online series 
 
The traditional technical marketing meeting, whether it is a proprietary client in-house event or a 
booth presentation at a convention, is another casualty of Covid-19.  The GSH has now started a 
new online presentation series, where geophysical companies are able to deliver information on 
their latest products and services to GSH members and friends! Key features are: 

* A vendor offers their commercial presentation as an online event through GSH. 
* The event is announced, promoted and managed by GSH; attendance is free. 
* As in a booth presentation, both potential customers and competitors may be attending. 
* After the presentation, there will be an interactive Q&A session. 
* Attendees contact information will not be shared by GSH, however, vendor contact is 
available and attendees are free to share their contact information. 

https://gshtx.org/Event.aspx?EventKey=b4fb2be4-069f-4a01-8dbd-f15f1cb16eb8&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
mailto:office%40gshtx.org?subject=GSH%20Gets%20Down%20to%20Business%20-%20Journal%20link
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Register

Register

Register

Register

GSH Technical Events

Unconventional SIG
The Application of Machine Learning Technology to 
High-Resolution Earth Model Generation and Elastic Log
Gareth Taylor, Quantico Energy 
Abstract and Bio
Online presentation
January 7, 2020 - 12:00pm-1:00pm CST 

Data Processing and Acquisition SIG
Learning from Migration and Demigration:  
A Practical Approach for Fast Denoising
Chengbo Li, PhD, ConocoPhillips
Abstract and Bio
Online presentation
January 12, 2020 - 5:00pm-6:00pm CST

NextGen: Under a Different Rock
Applications of Ground-Penetrating Radar (GPR) 
Dr. Daniel Bigman, Bigman Geophysical 
Abstract and Bio
Online presentation
January 19, 2020 - 6:00pm-7:00pm CST

Technical Lunch
The Crafting of the Geophysical Sustainability Atlas: 
Mapping Geophysics to the 17 U.N. Sustainable 
Development Goals
Maria Angela Capello, Consultant
Abstract and Bio
Online presentation
January 20, 2020 - 11:00am-12:00pm CST

https://gshtx.org/Event.aspx?EventKey=153bf09a-e3dc-4a6b-8952-18305f3be7ae&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://gshtx.org/Event.aspx?EventKey=20ba2d7c-1237-4f43-a0d5-61fdb2e33e87&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://gshtx.org/Event.aspx?EventKey=568ef6a7-803f-4b70-958b-436362b34082&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://gshtx.org/Event.aspx?EventKey=6e965d73-edd5-4dc1-82ed-2244f112cfc8&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://gshtx.org/Event.aspx?EventKey=153bf09a-e3dc-4a6b-8952-18305f3be7ae&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://gshtx.org/Event.aspx?EventKey=20ba2d7c-1237-4f43-a0d5-61fdb2e33e87&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://gshtx.org/Event.aspx?EventKey=568ef6a7-803f-4b70-958b-436362b34082&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://gshtx.org/Event.aspx?EventKey=6e965d73-edd5-4dc1-82ed-2244f112cfc8&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
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GSH ANNUAL SPONSORS: 
            PLATINUM 

    

   

 

 

SILVER 

 
 

 
 

 
For information about Annual Sponsorship go to: GSHTx.org 

 

For information about Annual Sponsorship go to: gshtx.org

Be a part of one of the most active 
geophysical organizations in the country. 

Network with industry leaders 
and attend technical meetings 

covering relevant topics.

Join or Renew NOW 
GSH Membership year  

begins July 1st

Join or Renew online at  
www.gshtx.org  

or by phone at 281-741-1624

For $60/year

 Multi-year Membership renewal available now!    
Contact Kathy Sanvido at 281-741-1624  

for your multi-year renewal.

http://www.apachecorp.com
http://indepthgeo.com/
https://www.shearwatergeo.com
https://www.iongeo.com/
https://www.gshtx.org/Public/donate/public/sponsorship.aspx?hkey=13af943e-6a12-4023-a2f7-4ce06ef9248f
https://gshtx.org/Public/Membership/public/Membership/Membership.aspx?hkey=7beafa27-978a-4a8c-a84c-1f16d2087e2d
https://www.gshtx.org/Event.aspx?EventKey=568ef6a7-803f-4b70-958b-436362b34082&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
https://www.gshtx.org/Event.aspx?EventKey=9317f0d5-ca95-4c2e-9dbb-dbfdc545306e&iSearchResult=true&WebsiteKey=955f17e6-46ad-4401-acbd-2af6c393752b
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Summary

Carbonate reservoirs provide numerous complications 
for accurate reservoir characterization and 
management. A seismic survey acquired in the Fall 
of 2019 over a Silurian (Niagaran) pinnacle reef 
gas storage reservoir is utilized to investigate the 
applicability of unsupervised machine learning 
techniques on volume attributes generated on angle 
stacks to enhance facies identification in seismic 
data. Utilizing the full angle stack currently provides 
the best result on this dataset, as the seismic facies 
classification workflow reveals the morphology of the 
reef core and peritidal facies. 

Introduction

The Michigan Basin was a prolific hydrocarbon 
producer throughout the mid to late 20th century. 

Niagaran (mid-Silurian) pinnacle reefs were 
widely produced throughout the basin. Following 
production, many of these reefs were converted 
to storage reservoirs for natural gas and carbon 
sequestration. Despite the widespread production, 
few stratigraphic models of the internal structure 
and facies distribution of the reefs has been 
done. Rine et al. (2017) provides a core and log-
constrained facies model for Niagaran reefs along 
the southern trend in the Michigan Basin and 
illustrates that the reefs are composed of distinct,  
predictable lithofacies. 

Carbonate reservoirs, especially those that have 
undergone dolomitization, are characterized by a 
high degree of vertical and lateral heterogeneity 
(Pranter et al., 2005). Well data provides excellent 
vertical constraint on the distribution of reservoir 
properties, however provide little spatial constraint. 

Applications of Generative Topographic Maps on 
Post-stack Data to Enhance Carbonate Reservoir 

Characterization  
Clayton Silver, Dr. Heather Bedle, University of Oklahoma School of Geoscience, Dr. Matthew Rine, Consumers Energy

For Information Regarding Technical Article Submissions, Contact GSHJ Coordinator Scott Singleton (Scott.Singleton@comcast.net)

Technical Article continued on page 10.

Figure 1: A- Chronostratigraphic chart for the Michigan Basin (After Rine et al., 2017). B- Overview map of the study area. C- TWT 
structure map of the A1 Carbonate displaying the structure and well locations of the Ray Reef study area.
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To better understand the spatial distribution of 
quality reservoir facies, a recently acquired three-
dimensional (3-D) seismic survey over Ray Reef, a 
reef in the southern reef trend, is integrated with 
tightly-spaced well log and core data. A suite of 
volume attributes was generated on the full-angle 
stack and far-angle (20-30°) stack. Generative 
Topographic Maps (GTM) were then run on each 
volume for seismic facies classification. 

Both core and log data from intersecting wells were 
then incorporated to map out facies within favorable 
reservoir zones to target for storage within the 
pinnacle reef complex. Following the analysis of the 
GTM, the resulting facies classification volumes will 
be used as constraints for geostatistical reservoir 
models to enhance reservoir management. 

Field Description

Geologic Setting

The Michigan Basin is an intracratonic basin that 
exhibits unusual circular symmetry and is bounded 
by a continuous structurally stable area, and covers 
an area of 316,000 km2. The Silurian reefs occur 
in the upper Niagaran Guelph Formation, also 
known as the Brown Niagaran, which rims the 
circular Michigan Basin. The reefs are presently 
buried at depths of 900 to 2000 ft. Individual reefs 
have average widths of approximately 1000 ft 
and average heights of 300 ft. Reef development 
was concentrated in two parallel lineaments on 
the northern and southern margins of the basin, 
basinward of wide spread shelf-edge reef complex. 

The lithostratigraphy of the reefs is well established 
(Figure 1a). Silurian reefs overly the Lockport 
Formation (informally called the “Gray Niagaran”), 
which is described as a micritic carbonate mudstone. 
Reefs are laterally encased unconformably by 
the thin limestones and evaporites of the Silurian 
Salina Group.  Reefs along the southern reef trend 
have undergone extensive dolomotization. Haynie 
(2009) provides a well-based geostatistical model 
of petrofacies in Ray Reef, and defined favorable 
petrofacies as those with greater than 5 % porosity 
and permeability greater than 1mD. Overlying 
facies within the Upper A1 Carbonate and the 
upper portion of the reef core were proposed as 
the highest quality reservoir, and the stromatolitic 

cap facies (underlying the Upper A1 carbonate) 
and bioherm facies were identified as poor 
reservoir facies. The reef core is characterized by 
an abundance of fair to favorable reservoir facies, 
with an irregular, but consistent distribution. This 
model can be greatly improved by incorporating 
new stratigraphic models and observations made in 
3-D seismic For gas storage, the target zones are the 
reef core in addition to conglomerate debris deposits 
located on the flank of the reef complex.

Data Description

In this study, a 3-D survey with an area of 
approximately 10 mi2 acquired in 2019 was used 
to analyze the internal structure of a Niagaran reef 
along the southern reef trend (Figure 1c). The survey 
was cropped to the limits of the reef for efficient 
attribute generation (Figure 2a). The survey has a 
1 millisecond sample rate and two second record 
length, and a line spacing of 55 ft for both inlines 
and crosslines. Three volumes were available: a 
PSTM full stack volume, a near angle stack of 0-10 
degrees, and a far angle stack of 20-30 degrees. 
Due to high amounts of noise in the angle stacks, 
these were omitted from the study. Vertical resolution 
within the reef interval is approximately 50 ft. The 
morphology of the reef matches that of the proposed 
model (Figure 2b,c), however the seismic data fails 
to properly image the margins due to the steep dips. 
It is also important to note that as the reef exhibits 
velocity pull-up at the margins (Figure 2c). At the 
time of acquisition, Ray Reef was at near full storage 
capacity, as it had 64.5 bcfg out of a total storage 
capacity of 65.4 bcfg.

A total of 81 wells are present within the study area. 
Of these, 15 are cored and have whole-core derived 
gamma ray, permeability, porosity, water and oil 
saturation logs. 7 wells have sonic logs and 6 
have density logs. The remaining wells provide GR, 
resistivity and neutron logs. Average absolute open 
flow (AOF) measurements for 40 active storage wells 
were also made available by Consumers Energy.

Methods

Well Data

Formation tops and interpreted seismic surfaces were 
provided by Consumers Energy. Wells containing 

Technical Article continued on page 11.

Technical Article continued from page 9.
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sonic logs were utilized to calculate time-to-depth 
relationships. These time-depth relationships were 
then extrapolated to nearby wells to tie well data 
to the seismic data. Neutron logs were converted 
to neutron porosity logs constrained by porosity 
values derived from whole-core measurements 
following the method described by Shier (1991) and  
Haynie (2009). 

Seismic Attributes

Previous studies over southern Niagaran reefs 
investigating unsupervised machine learning 
techniques applied to seismic data have identified 
that frequency-based attributes have the potential 
to differentiate high and low porosity zones from 
volume attributes (Buist, 2020). A similar suite of 
volume attributes is generated on each volume. 
This included: Instantaneous frequency, cosine of 

instantaneous phase, and iso-frequency volumes 
output from spectral decomposition. Instantaneous 
phase is defined as the arc tangent of the ratio of 
the imaginary and real parts of the seismic trace 
(Tanner, 1971). It is independent of amplitude and is 
related to the propagation of the seismic wave front. 
It can be applied to analyze stratigraphic continuity 
and configurations. As instantaneous phase is 
a cyclic attribute, the cosine of the instantaneous 
phase is chosen avoid the cyclic values as the 
GTM algorithm will interpret the discontinuity in the 
phase at 90° and -90° as different values, when 
in reality they are zero crossings. With cosine of 
inst. Phase, zero crossings are represented by values 
of zero and correctly interpreted by the algorithm. 
Instantaneous frequency is the time derivative of 
instantaneous phase. Low instantaneous frequency 
values have been shown to correlate to high porosity 
zones within Niagaran reefs along the northern 

Technical Article continued from page 10.

Technical Article continued on page 12.

Figure 2:  A - 
Zoomed in view 
of the A-1C TWT 
structure map. B- 
Geologic model for 
Niagaran pinnacle 
reefs along the 
southern reef trend 
proposed by Rine 
et al., 2017. C- 
Seismic amplitude 
section along XL 
115 indicated by 
the yellow line in A. 
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Technical Article continued on page 13.

Technical Article continued from page 11.

Figure 3: A- Phantom horizon 15 ms TWT below the A-1C horizon. B- GTM latent space axes cross plot with the data points colored 
by cluster density. The points represent the data shown in D. C- GTM latent space axes cross plot with the data points colored by class. 
D- Arbitrary cross section through the classified volume. Core-derived lithology and permeability logs are shown where available.
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reef trend (Toole, 2012). Three iso-frequency cubes 
from spectral decomposition were also used as 
input. 24, 53, and 87 Hz frequency components 
were chosen based on their strong response 
in observed in the spectral domain, and these 
frequencies highlighted internal variations within  
the reef.

Generative Topographic Mapping (GTM)

The Generative Topographic Mapping algorithm 
(Bishop et al., 1998) is a dimensional reduction 
technique, allowing interpreters to analyze multi-
dimensional relationships between multiple seismic 
attributes in a two dimensional latent space. It 
was formulated as a probabilistic extension of 
the popular self-organizing map (SOM) algorithm 
that is commonly applied to seismic data.  GTM 
addresses some shortfalls of the SOM algorithm, 
such as the inability to initialize framework 
parameters, and no measure of convergence of 
the algorithm.  GTM represents the distribution of 
multi-dimensional data vectors by a 2-D deformed 
manifold that iteratively adjusts to best fit the data 
in data space. The probability of a data vector 

being represented by the 2D manifold can then be 
calculated. The AASPI algorithm extracts the x and 
y coordinates of the mean probability distribution 
of the data vectors in the latent space manifold as 
separate volumes, which can then be cross plotted 
for seismic facies classification. As only the reef 
complex itself is being target for gas storage, the 
GTM algorithm was limited spatially to only the 
reef complex and vertically between the top of 
the A-1 Carbonate and the top of the underlying  
Clinton formation. 

Technical Article continued from page 12.

Technical Article continued on page 14.

Figure 4: A- Reef 
core geobody 
extraction from 
the classified 
seismic volume. 
B- Isochore for the 
reef core faices. 
C -  Ave rage 
Absolute Open 
Flow (AOF) map 
of 40 active gas 
storage wells.
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Technical Article continued on page 15.

Technical Article continued from page 13.

To relate the unsupervised classification to the 
geology, we begin by investigating the data 
corresponding to cored wells. For this study, the 
goal was to distinguish the target reservoir facies, 
the reef core, from the reef bioherm, and overlying 
peritidal facies. Using the Sound-QI software QI-
Pro, investigation boxes are drawn at cored well 
location within the reef core (Figure 2a). The data 
points which correspond to the investigation box 
are highlighted in the cross-section and user-defined 
polygons are then drawn around the data points 
while also honoring the natural clusters of the GTM 
output. Polygons are iteratively adjusted using in-
context interpretation to appropriately correlate to 
other well locations. All data points within a polygon 
are assigned a single discrete value, or class, and a 
discretized SEG-Y volume is output by the software 
once a satisfactory classification is achieved.  This 
workflow allows the interpreter to impose supervision 
on the unsupervised GTM algorithm.

Results

Facies Identification

The full angle stack classification is shown in Figure 
3. A phantom horizon -15 ms below the top of 
the A-1 Carbonate displays the classified volume 
approximately through the top of the reef core 
(Figure 3a). The crossplots of the two latent space 
axes volumes display the data corresponding to 
the cross-section shown below (Figure 3d). Using 
the workflow described above, the polygons were 
initially centered about the clusters, and calibrated 
to the wells with core lithology logs. This resulted 
in a good match of the overlying peritidal facies 
and reef core complex at cored wells within the 
reef complex. However the reef bioherm is poorly 
discriminated from the reef apron and talus facies 
as seen in well R-101. There is also an anomalous 
classification of Bioherm/Apron facies in the upper 
section of well R-301. The arbitrary line through 
the reef reveals that Ray Reef is composed of 
three bioherms that likely amalgamated together  
through time. 

Geobody Extraction

To quantify reservoir thickness away from well 
locations, a geobody extraction was done for the 
reef core seismic facies (Figure 4a). To ensure an 

accurate extraction, the visible extents of the horizon 
probe used for the extraction was limited to avoid 
extraction of mis-classified facies at the top of the 
A-1 Carbonate horizon. Surfaces were then wrapped 
along the top and base of the extracted geobody. 
An isochron was calculated by subtracting the base 
surface from the top. Using the sonic log from well 
R-117, an average interval velocity of 19,500 
ft/s was used to transform from TWT thickness to 
thickness in feet (Figure 4b).

Well Flow Correlation

A map of average absolute open flow (AOF) was 
produced in Python. Values were interpolated 
between well locations providing a simple heat 
map of well flow (Figure 4c). It becomes apparent 
that the northern and central reef exhibit good flow 
performance, while the southern reef has average to 
low flow performance. Comparing the Figure 4c to 
the isochore created from the geobody extraction, 
we observe wells that encounter thicker intervals 
display better flow performance. As the reef core 
lithofacies is characterized primarily by vuggy 
porosity related to dissolution, wells that penetrate 
thicker intervals are more likely to encounter more 
porous zones.

Conclusions 

Unsupervised classification of seismic facies was 
accomplished by applying generative topographic 
mapping to post-stack seismic attributes in a pinnacle 
reef gas-storage reservoir with vintage well control. 
The reef core and overlying peritidal facies were 
well classified which allows for quick mapping of 
their respective morphologies. The bioherm and 
flanking facies were difficult to discriminate. This 
may be attributed to the poor imaging of the flanks 
of the reef complex due to their steep dips and 
velocity pull-up. Quantification of reservoir thickness 
from seismic data was accomplished through 
extracting geobodies from the classified reef core 
facies, and applying a constant interval velocity.

Future Work

Future work to improve characterization of Ray Reef 
includes conducting AVO analyses on pre-stack 
gathers that were recently made available. Volume 
attributes produced from pre-stack inversion are 
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Technical Article continued from page 14.

directly related to elastic properties of the reservoir, such 
as porosity and fluid content. Using these results as input 
for the GTM, we expect the resulting classifications will 
improve our understanding of the reservoir properties.

Acknowledgments

We would like to thank Consumer’s Energy for 

providing the seismic and well data used and 
for permission to publish this study. Thank you to 
Sound-QI for access to their QI-Pro classification 
software. We would also like to thank AASPI for 
providing software for attribute generation and the 
GTM classification algorithm, and Schlumberger for 
donating Petrel licenses used for enhanced visualization  
and interpretation  □ 

In-Depth
Geophysical 

In-Depth
Compressive 

We extract the hidden value in seismic 
obscured by the inherent shortcomings of multi-client data. 

Increase your seismic resolution or slash costs. 
Compressive Seismic does either or both. 

http://indepthgeo.com/


Back to IndexGeophysical Society of Houston 16  Jan 2021

In an uncommonly agitated mood, The Guru appeared before The GSH Board of Elders and Other
Enlightened Ones to answer pithy questions about the clumsy notation associated with last month’s
puzzle (resolved below) pages. Readers in Biblical portions (3, including the usually forgiving
Doyen Lee Lawyer) wrote in to complain about the fuzzy and bewildering questions. An
embarrassed Guru initially denied these charges, but as the evidence mounted, he amended his
testimony to say that he had been less than vigilant in tightening the reins on his free-floating
notation. He promised to correct in the January issue (today, if you’re tracking).

Mood altering evidence

Gruntled Guru   Disgruntled Guru
Photography by K&K  Services

The flawed notation used and abused was this innocent looking
sentence at the bottom of the 2nd page of the article. “ … In a fair
game the amount of the bet should equal the expected
winnings, E(x). This would be fair to both the House and the
bettor. E (Win) = 0. Test: Would you take the bet either way?”
Where did “Win” come from? You would be justified in asking for it
is not really defined and more importantly, incorrect as stated.

Who among us would play a game in which the expected winnings were $0.0? Who would drill
a well in which the expected production = 0? In a fair game the amount of the bet should equal
the expected winnings, E(W) is the average winnings when one game is played. This would be
fair to both the House and the bettor. Test: Would you take the bet either way? Example: One
coin toss is the game. You’re looking for Heads, the House wants tails. P(H) =1/2 = P(T). You
(bettor) win what you bet with an H shows, the house wins your bet with a T. Expected Winnings
= E(W) = SUM of all possibilities weighted by their probabilities. In this case, E(W) =
(Bet)••P(H) + (- Bet)•• P(T) = (Bet)(1/2) + (- Bet)••(1/2) = 0. In the long run, you and the House will
break even: a fair bet is any monetary unit. Best bet = $0.00.
The expectation will be quite different in the St Peterburg
Paradox because here we have an infinity of possible
outcomes in this game and you can’t lose; the more times
you flip the coin to get an H, the more you win. At the right
is a plot of the payoff, W(k), for obtaining the first H on the flip
k. Here we see the first 10 flips already put the flipper at over
$1000. Now here’s a game we can play!

W(k)

k

$1024

$512

4 6 8 1021
$2

Not so fast, Slick. That plot may show the winnings for throwing a Heads on flip k, but that
doesn’t consider the probability of that happening. You’ll need P(k) in order to calculate the E(W),
the expected or average winnings, to calculate what you should pay to play. The probabilities of k,
P(k): P(k=1)=P(H) =1/2; P(2)=P(T)P(H)=(1/2)(1/2)=1/4; P(3)=P(T)P(T)P(H) = (1/2)(1/2)(1/2)=(1/8);
… P(k) = (1/2)k. We’ll combine this with W(k) to determine E(W).

𝑬𝑬 𝑾𝑾 = σ𝒌𝒌=𝟏𝟏∞ 𝑾𝑾 𝒌𝒌 ∙ 𝑷𝑷 𝒌𝒌 = σ𝒌𝒌=𝟏𝟏∞ 𝟐𝟐𝒌𝒌 ∙ 𝟏𝟏
𝟐𝟐
𝒌𝒌
= 𝟏𝟏 + 𝟏𝟏 + 𝟏𝟏 + 𝟏𝟏 + ⋯ = $$$$$$$$$$ … .

Tutorial Nuggets continued on page 17.
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By Mike Graul
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The bottom line of the previous page says,
paradoxically, your expected winnings are infinite.
E(W) =  The only problem you face is paying for the
first game. But if you win that one with k = , you may
anticipate the House will have equal difficulty paying
you. A serious dilemma. Is the math wrong? Nope, it’s
just the assumptions that anyone (including the
House) has very deep pockets and Mucho Moola.
So, what do we do to make this game playable? We
put sensible limits on the potential winnings, say,

k

W(k) = 2k

1

W(k)•P(k) = 1

$1,000,000.00, or more precisely in k terms, $1,048,576 = $220 (pocket change for GSH Board
members, except the Editor Alvaro Chaveste who holds power over all article submitters, even –
gasp - the Guru, and is rumored to inflict serious bodily harm, at the hands of 2 guys named Guido,
to authors whose “work” is submitted after the DEADLINE). With this reasonable constraint, the
expected winnings are , k = 1 to 20, E(W) = W(k)••P(k)= $20. This is what you would have to pay
play the game. Worth it? Probably not: a test run of 2048 games at $20 a pop, resulted in a pay-
out of $10,057 which is $4.91 per game and a net loss of $30,903.
Conditional Probability: P(A|B)
The notation, P(A|B), is read as the probability of A occurring given that event B has already
occurred. In the problem above, the prior circumstances are that a sequence of tails have
occurred in order to get at least 2N bucks on the next flip. For example, tails have shown up on 2
successive flips, what is the probability of getting a heads on the next flip (N=3), P(H3|T1,T2)? In
coin flips, as you know, the probabilities are independent (if the coins are honest, i.e., not
weighted in some way to make more heads than tails show up). So, P(H3|T1,T2) = P(H3) = P(H) =
½, independent of all previous tosses. This should not be confused with the problem of the
probability of the exact sequence given, P(T, T, H) = P(T)••P(T)••P(H) = (1/2)•(1/2)•(1/2) = 1/8.

A BWhen does it matter what has already occurred? When the probability of an
event depends on prior occurrences. Example: given 2 bowls, A and B,
with an unknown, randomly selected set of Red and Blue balls in each (as as
shown at the right), you are blind folded an instructed to pick
a bowl (they have been shuffled around so you don’t know which is A or B) and select a ball from
that bowl. What is the probability that you have selected a Red ball.

Clearly, the probability depends on which bowl you first selected: P(R|A) = 4/6 = 2/3, but if you
had picked bowl B, the probability would be P(R|B) = 2/5.

The general problem is P(R) given the circumstances in the diagram. In solving this problem you’ll
have to cover all contingencies (possible outcomes). Be sure that all possibilities and their
associated probabilities add up to 1 (meaning something must happen).

Tutorial Nuggets continued on page 18.

Tutorial Nuggets
Tutorial Nuggets continued from page 16.
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VP1 Matt and VP1-Elect Marianne each
have some coins, but Matt has one less than
Marianne does. Both toss all their coins
simultaneously and count the number of
heads each has. What is the probability, in
general, that Marianne has more heads than
Matt?
As a specific example (not general),
Marianne has 5 coins and tosses for 3 heads
while Matt with 4 coins tosses 2 heads.

(A) ¼; (B) ½; (C) ¾; (D) Cannot be
determined, in general.

PPuuzzzzllee  11  ffoorr  22002211

Puzzle 2 for 2021
Which way would you bet if a shuffled deck of cards is cut  into 3 piles, that there is at least one of 
these 3 cards, an Ace, Jack, or 2, on the bottom of one or more of the the 3 randomly cut piles, 
respectively?  Use your thoughtful analysis of the example given previously in this tutorial to aid 
you in answering this problem. There is an embedded Great Truth here (a common occurrence in 
these profound writings).

Here’s an example of conditional probability in a different context. Suppose a deck of cards is cut
into 3 piles, what is the probability that there will be an Ace or a Jack or a deuce (2) on the
bottom of one of the piles or 2 or all 3 piles? In other words, what is the probability of at least one
A, J, or 2 on the bottom of the 3 cut piles.

Ace, Jack, or 2?

The issue here is that what appears on the
bottom other two piles affects the probability
on the third pile and the 2nd and the 1st. This
is because of what is called “sampling
without replacement”, much as depleting
a reservoir results in smaller quantities of
grease, thus increasing the risk in drilling the
same reservoir elsewhere.

1 2 3

You must account for all contingencies (conditions) to test whether the probability is greater than ½
or not. Intuitively, it seems like “not” since the 3 cards (A, J, 2) are only 3 of 13 different kinds in
the 52-card deck. Keep in mind that the sum of all probabilities = 1.

Tutorial Nuggets
Tutorial Nuggets continued from page 17.
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For questions or sponsorship opportunities, please contact: 
Scott Sutherland, Scott.Sutherland@CGG.com 346-366-0288 
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U of H Wavelets continued on page 21.

Over 400 individuals were able to view and participate in the 33 poster entries virtually during the day of the Sheriff lecture. 
The poster session included a pdf of the poster and a supplementary 3-minute recorded presentation, followed by a 1-hour Q 
& A with individual poster presenters in their own Microsoft Teams channel. The outside feedback on the poster presentations 
and 1-hour Q&A was very complimentary and a number who attended said it was the best virtual poster session they have 
attended up to this point.
The University of Houston faculty team included Regina Capuano (chair), Steve Naruk (co-chair), Jiajia Sun, 
Dan Hauptvogel, and Paul Mann. A special thank you to the University of Houston College of Natural Science 
and Mathematics IT specialists who helped make the poster session a possibility, Ngozi Onwuama and  
Andrea Arias-Rodriquez.

U of H Wavelets 
University of Houston Sheriff Lecture Student Poster Competition 
By Courtney Anzalone

Sean Romito 
(Advanced Ph.D.)

Bryan Moore  
(1st-Semester M.S.)

Michael Martinez 
(1st-Semester M.S.)

Zhehao Li 
(Advanced Ph. D.)

Hualing Zhang 
(Advanced Ph.D.)

Rachel Clark 
(Advanced Ph.D.) Andrew Stearns 

(2nd-Year M.S.)

Lila M. Bishop 
(2nd-Year M.S.)

Advanced Ph.D. 
Category (19 poster 
submissions)

First Place tie  
(Prize: $450) 
Rachel Clarke, Marine 
sedimentary record of 
Holocene of Thwaite’s 
Glacier’s margins, 
Amundsen Sea, 
West Antarctica

First Place tie  
(Prize: $450) 
Zhehao Li,  
Simultaneous source 
separation by 
residual learning of 
deep, convolutional 
neural networks

Third Place  
(Prize: $100) 
Hualing Zhang, Crustal 
structure of the Sergipe-
Alagoas rifted-passive 
margin, northeastern 
Brazil, based on 
gravity modeling

Honorable mention 
(Prize: $50) 
Sean Romito, 
Understanding the  
sub-salt rifting history of 
the South Gabon basin 
through interpretation 
and modeling of the 
directly conjugate 
Camumu and Almada 
margins, offshore 
northeastern Brazil

Second year 
M.S./first year 
Ph.D. Category (7 
poster entries)

First Place (Prize: $450) 
Andrew Stearns, 
Quantifying Hurricane 
Harvey sediment 
transport in the Houston-
Galveston region

Second Place  
(Prize: $250) 
Lila M. Bishop, Direct 
hydrocarbon indicators 
associated with 
Oligocene-Recent folds 
of the Sandino forearc 
basin, offshore Pacific 
margin of Nicaragua

Undergraduate/
First-Year M.S 
Category (7 
poster entries)

First Place (Prize: $350) 
Bryan Moore,  
Along-strike structure 
and zonation of the 
Barbados accretionary 
prism: Taper angle vs. 
subducting highs

Second Place  
(Prize: $150) 
Michael Martinez, 
Predicting areas of 
giant oil and gas field 
discoveries along the 
South America-West 
Africa conjugate margins
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Mystery Item
This is a geophysical item...

?

?

?

Do you know what it is?

This month's answer on page 23.  

U of H Wavelets continued from page 20.

U of H Wavelets          continued

Keep up with the Wavelets by following us on our LinkedIn and Facebook accounts – search “SEG Wavelets”. 
Track our events by adding our Google calendar to yours (segwavelets@gmail.com), and join SEG at the local level 
with the UH Wavelets through GetInvolved via AccessUH and at the national level following our site’s instructions –  
search “UH SEG Wavelets”  □.

 The organizers and student presenters would like to thank the following volunteer 
judges of the student poster session for sharing their time and expertise:

From the University of Houston faculty: 

Julia Wellner, Emily Beverly, Kurt Rudolf, and Gary Guthrie

From the Houston area geoscience community: 

Sebabrata Sakar (Schlumberger), Bryan Ott (Hess) John Solum (Shell), Dian He (Shell),  
Peter Lanzarone (BP), Kochi Onyeagor (Shell), Shawn Wright (Hess), Mark Richardson (Exxon retired),  

Changrui Gong (Apache), Barbara Hill (Schlumberger), Andrew Pulham (Consultant), Yanet 
Cuddus (Schlumberger), Di Chen (Schlumberger), Zheng Huang (Consultant), Ella Saudale 

(Consultant), Carolina Mejia (Landmark), and Courtney Anzalone (Schlumberger)

https://www.linkedin.com/in/segwavelets/
https://www.facebook.com/seg.wavelets.1/
mailto:segwavelets%40gmail.com?subject=
https://sites.google.com/nsm.uh.edu/segwavelets/membership?authuser=0
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2021 GSH-SEG
Spring Symposium and Expo

How DATA ANALYTICS and AI 
will change our industry

APRIL 27-28, 2021
NORRIS CONFERENCE CENTER, HOUSTON TX

For sponsorship and booth details, call the GSH at 
281-741-1624 or visit gshtx.org/symposium2020

Great opportunities for knowledge sharing and networking
Sponsorships and Exhibit booths available

Tuesday evening Reception
Banquet roasting and toasting Mike Graul Wednesday

Actual case studies that highlight the applications of new technologies 
to solve Geophysical and E&P problems

a

• Tom Smith, GEOPHYSICAL INSIGHTS, Multi-attribute machine learning improves thin bed 
resolution

• Mike Li, CHEVRON, Using Meta Learning to Build Adaptive AI Model for Oil and Gas 
Exploration

• Wenyi Hu, AGT & UH, Progressive transfer learning for low frequency prediction in FWI
• Long Jin, SHELL, Scalable seismic attributes computation framework in the age of deep 

learning and big data
• Satinder Chopra, TGS, Some machine learning applications for seismic facies classification
• Hugo Garcia, GEOTERIC, Automated Fault Detection from 3D Seismic Using Artificial 

Intelligence
• Aria Abubakar, SCHLUMBERGER, Machine Learning for Geoscience Applications
• Elive Menyoli, EMERSON, Wavefield separation via principle component analysis and deep 

learning in the local angle domain
• Christopher P. Ross, CROSS QI, Predicting production metrics for unconventional shale 

reservoirs
• Chengbo Li, CONOCOPHILLIPS, Hybrid learning-based framework for seismic denoising
• Wen Hu, FORLAND, Seismic Denoising using Structure-Aware Stacked Denoising Autoencoder 

Networks
• Philip Neri, ENERGISTICS, Standards for Knowledge Metadata are Crucial to Upstream Digital 

Transformation
• Tammy Weir, WEIR CONSULTING, Can I move my data to the Cloud?
• Keith Gray, BP, High Performance Computing at BP

2021 Honoree Mike Graul

https://gshtx.org/symposium2020
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Cecil Howard Green, KBE (August 6, 1900 – April 11, 2003) served as
vice president (1941-1951), president (1951-1955) and chairman of GSI (1955-

1959).

This movie is the second of two in which Cecil Green tells his story. In this conversation he 
vividly recalls his trips through the Middle and Far east, during which GSI shot the first marine 

acquisition survey.

In 1941 GSI is acquired in partnership by: Cecil Green, Eugene McDermoth, Erick Johnson and 
Dave Peacock. During this year, the attack on Pear Harbor takes place and GSI is required to 

stop geophysical services and produce magnetic aerial detectors to locate German 
submarines. This was the start of the production of geophysical equipment which led to the 

creation of Texas Instruments.

Do not miss the conclusion of this amenable conversation. Cecil lived an eventful life that 
cannot be summarized in a few lines. 

* GSI vintage videos courtesy of Schlumberger – WesternGeco

GSH Movie Time

The Mystery Item  
on page 21

is a 
Shop-built  

shooting box  
made by  

Humble Oil  
in 1936.

http://www.apachecorp.com
http://www.indepthgeo.com
http://fairfieldgeo.com/
http://www.seitel.com
https://www.tgs.com
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In the late 1940’s Carter Oil 
scientists, including H. B. Hagan, 
developed a continuous downhole 
logging method called dip-logging.  
A downhole tool, or sonde, would 
be lowered into the uncased portion 
of a well bore and then gradually 
raised back to the surface.  The 
sonde contained an orientation 
unit to provide information about 
compass north and an upper section 
which contained three spring-loaded 
profiling arms which recorded the 
depth and the borehole radius.  
The output was a paper record 
which included a trace for each of 
the three profiling arms as well as 
traces for the depth, compass, and 
inclinometer.  The computation of 
the true subsurface dip was rather 
involved, and a dip-meter computer 
was designed to help compute 
and display the computed dips at 
depths of interest.  By 1950, twenty-
three wells had been successfully 

evaluated with this new instrument 
in geologic provinces from the 
Gulf Coast Tertiary to complexly 
folded areas in Wyoming.  In late 
1950 Humble Oil purchased two 
sets of the dip-meter equipment 
from Carter Oil and used them 
throughout the 1950’s until 
comparable continuous dip-meter 
logging became available through 
service companies.  Humble Oil 
also developed their own version 
of the dip-log computer, which is 
shown in the pictures below along 
with pictures of the dip-meter truck 
and dip-meter downhole tool.  We 
have two of the original Humble Oil 
dip-log computers at the Geoscience 
Center.  They were donated by 
Mrs. Virginia Hagan, wife of H. B. 
Hagan, one of the inventors.  Mrs. 
Hagan also donated a Humble Oil 
Research Report that described 
the development and use of the 
Carter Oil Dip Meter and dip-

log computers.  These instruments 
were also described in an October 
1950, AAPG Bulletin, written by  
H. B. Hagan.

The dip-log computer had been 
in our Museum collection for 
many years, but we had never 
been able to determine what 
it was or how it was used until 
2014, when Mike Alexander was 
able to trace it to Mrs. Hagan 
and acquire the documentation 
mentioned above.  We still have 
a number of other artifacts lacking 
a story or documentation of their 
use.  We would welcome any 
volunteers interested in detective or 
research work about some of these  
vintage instruments.

We continue to receive donations of 
book, periodicals, and geoscience 
artifacts and are slowly working to 
add them to our inventories.  □

Geoscience Center
The History of Geophysics By Bill Gafford

1790 W. Sam Houston Pkwy. N. (Right on Shadow Wood)

Humble Oil Dip-
Log Computer1950 Ford F-7 Dip-Meter Truck Dip-Meter Downhole Tool

The Geoscience Center has been mostly closed due to the Covid-19 restrictions, but we are 
slowly opening again for a few people at a time.  Usually there is someone there on Wednesday 

mornings from 9:00 until noon or by appointment and visitors are always welcome.

Please contact me at:  
geogaf@hal-pc.org or by phone at: 281-370-3264 for more information.

https://www.google.com/maps/place/1750-1790+West+Sam+Houston+Pkwy+N,+Houston,+TX+77043/@29.8045251,-95.5643953,17z/data=!3m1!4b1!4m5!3m4!1s0x8640db2cc08ffdb3:0xe937de1edaa1bb2b!8m2!3d29.8045251!4d-95.5622066
https://www.google.com/maps/place/1790+West+Sam+Houston+Pkwy+N,+Houston,+TX+77043/@29.8046612,-95.5620737,17z/data=!4m2!3m1!1s0x8640db2cc08ffdb3:0xe937de1edaa1bb2b
mailto:geogaf@hal-pc.org
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         These just published, limited printing 
proof copy of the new industry 
standard for seismic theory (and 
other stuff) will surely be a valuable 
tool as well as a keepsake for your 
technical library! 

Per the GURU… 

$75
Member Price

Proceeds will be used to further scholarships, student 
memberships, educational outreach, and other 
activities of the Society.

In 1269,  
Petrus Pereginus  

wrote the first treatise  
on the compass,  

a geophysical instrument,  
giving a description  

of an azimuth  
and a graduated circle  

of 360 degrees.□

Item of Interest 
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Duration/Format:  4  half-day  interactive  webinar  sessions
                                    April 12 - 15, 2021
                                    9:00 AM - 1:00 PM Central Time (Houston,USA)

This 16 hour course can be taken in the comfort of your office or even your own home. It works on 
PC’s, iPads, iPhones, or even two tin cans with a taut string (not recommended).  No travel costs.  

The Course Fee: $390!  With major discounts for Groups and Students. 1.6 CEU’s are awarded.

All sessions are recorded and available on-demand to attendees.

Sponsored by

A Live Webinar!A Live Webinar!
Velocities, Imaging, and 
Waveform Inversion 
The Evolution of Characterising the Earth's Subsurface

The course is designed for practising geoscientists and geoscience students who desire a better 
understanding of the principles and limitations of both current and emerging technologies involved in 
subsurface parameter estimation and imaging. The material is designed to help readers better understand how 
contemporary velocity estimation methods work, and what approximations are involved in obtaining 
computationally tractable solutions. The evolution of the industry's approaches to building earth models with 
ray tomography and full waveform inversion is covered, as are some of the emerging possibilities for replacing 
imaging techniques with direct subsurface parameter inversion methods. The approach will be mostly non-
mathematical, concentrating on an intuitive understanding of the principles, demonstrating them via case 
histories.

Introduction
Near Surface & Topography
Anisotropy
Overview of the principles of migration
   Ray versus wave descriptions
   Creating gathers for WEM methods & least-squares modification
   How various algorithms differ, what their limiting assumptions are, etc. 
Ray-based Tomography
    Generic update loop: Hybrid gridded tomography
    Non-parametric picking
Wave-based tomography
Industry comparisons of tomography & FWI
Future directions
 
Optional topics that may be covered depending on time
Seismic response to strong lateral contrasts: e.g. salt
Seismic response to strong vertical contrasts: e.g. chalk

Course Outline

Featuring Dr. Ian F. Jones - ION Geophysical

Discounted Pricing
for Registrants

on Associated eBooks
at EAGE Bookshop
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The GSH - SEG Webinar Series is Online

View more details & access the recordings by visiting
seg.org/Education/SEG-on-Demand

then click on GSH/SEG Webinar Recordings on the right

Access the recordings of these webinars originally presented live from the 
convenience of your home or office and according to your own schedule.

Title Presenter

Bee BednarSeismic Modeling, Migration, and Inversion–

Bill GoodwayBeyond AVO to Quantitative Inversion Interpretation QII–

Bob HardageAffordable S-Wave Reflection Seismology–

Bob HardageSimplifying and Lowering the Cost of S-Wave Reflection
Seismology

–

Chris LinerCarbonate Essentials–

Don Herron & Bob WegnerBasic Seismic Interpretation–

Dr. Heloise LynnBasics and UPDATES on Anisotropy: Azimuthal P-P for
 better Imaging, Fractures & Stress Analysis Acquisition,
 Processing & Interpretation

–

Enders A. Robinson & Sven TreitelGeophysical Signal Processing 101–

Fred Hilterman & Mike GraulSeismic Amplitude 20/20: An Update and Forecast–

Fred SchroederExtracting Geology from Seismic Data–

Dr. Heloise LynnApplied Azimuthal Anisotropy-Azimuthal 3D P-P Seismic:
WHY Bother?

–

Leon ThomsenUnderstanding Seismic Anisotropy in Exploration and 
Exploitation

–

Matthew BlythAn Introduction to Borehole Acoustics–

Oz YilmazTopics in Land Seismic Data Acquisition, Processing, &
Inversion

–

Peter DuncanEverything You Always Wanted to Know About
Microseismic Monitoring

–

Rob StewartFull-Wave Seismic Exploration: Acquisition, Analysis, & 
Applications

–

Ruben D. MartinezIntroduction to Applied Depth Imaging–

Scott MacKayThe Interpreter's Guide to Depth Imaging–

Tom SmithMachine Learning Essentials for Seismic Interpretation –

Modern Seismic Reservoir Characterization Leon Thomsen–

Borehole geophysics: Using rock properties, well logs, &
all kinds of seismic methods

Rob Stewart–

http://seg.org/Education/SEG-on-Demand


Back to IndexGeophysical Society of Houston 30  Jan 2021

POLARIS E&E SERVICES, INC.
480 Wildwood Forest Dr., Ste 480
The Woodlands, Texas 77380

Patrick W. klem

Executive VP
email  pklem@polarisdata.com

phone   (281)   367-6000       fax   (281)   367-6160       cell   (713)   252-0130

Matthew Mohr
Marketing Representative

4805 Westway Park Blvd., Houston, TX 77041
p: 832.554.4301   d: 832.554.4317   c: 281.851.3974
mmohr@seimaxtech.com

Dr. Kurt M. Strack 
President  
 
KMS Technologies - KJT Enterprises Inc. 
11999 Katy Freeway, Suite 160                                                            
Houston, Texas  77079, USA 
 
 

         Tel.:      +1.713.532.8144                                                  
Fax:     +1.832.204.8418 
 VOIP    +1.281.293.8144 
Kurt@KMSTechnologies.com 

KMS Technologies 

 
www.KMSTechnologies.com 

KMS Technologies – Experts in integrated ElectroMagnetics 

Technology development 
•  Reservoir monitoring seismic/EM 
•  Land: EM systems (MT, CSEM, IP) 
•  Marine systems 
•  Borehole & surface-to-borehole 
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If you would like to add stories to the Doodlebugger Diary, send them to: Scott Singleton at scott.singleton@comcast.net  
or mail them to Box 441449, Houston, TX 77244-1449

Doodlebugger Diary
WHEN DOODLEBUGS RULED THE EARTH 
Pseudo-Geophysical Devices in Oil Exploration
By Dan Plazak

The Doodlebugger Diary recounts the experiences of 
geophysicists during their working lives. This month 
we have a guest article with a bit of history that I’m 
betting most doodlebuggers were not aware of.  
Somewhat humbling, actually.

If you have any similar stories you would like to share, 
please send them my way. I’ll be happy to print them in 
this segment.

Since the early 20th century, “doodlebug” has been 
American oil-industry slang for a pseudo-geophysical 
device used in oil and gas exploration. For 
decades before it was adopted by the oil industry, 
doodlebug referred to certain insect larvae, foolish 
things, and small locomotives. It was no doubt an 
extension of the centuries-old English term “doodle,” 
meaning a foolish person. (“Yankee doodle” was  
not a compliment).

The earliest known reference to doodlebug as an 
oil-finding device is the Wichita, Kansas Beacon of 

July 13, 1914, where it is applied to the invention 
of Wilbur McCleary, an undertaker from Altus, 
Oklahoma. This was when doodlebugs were 
becoming common, and when a thing becomes 
common, it demands a name. The word quickly 
caught on (Figure 1). Although the term was coined 
to describe a pseudo-geophysical instrument, it soon 
spread to dowsing devices. And when genuine 
effective geophysical methods arrived in the early 
1920s, they were called doodlebugs as well, a habit 
that persists in informal usage. But this paper uses 
doodlebug in its original and restricted sense of a  
pseudo-geophysical instrument.

Nature of Doodlebugs

Doodlebugs generally operate on one of three 
principles:

1. Conscious manipulation- These are frauds by  
the operator.

2. Ideomotor effect- The operator unconsciously 
manipulates the device. The same principle 
controls reactions of dowsing devices.

3. Random indication- The device responds either 
randomly, or in response to a signal that is 
unrelated to the presence of hydrocarbons.

What the doodlebugs were and how they worked 
is usually lost to history. The doodlebug operators, 
who were often also the inventors, guarded 
the devices from prying eyes. Descriptions in 
journals and newspapers are usually brief. 
Some would not even use their doodlebug unless 
they were alone. Few doodlebugs have been 
preserved; most seem to have been thrown out  
with the trash.

Doodlebugger continued on page 32.

Figure 1

mailto:scott.singleton%40comcast.net?subject=Doodlebugger
mailto:llawyer%40prodigy.net?subject=Doodlebugger
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Many doodlebugs appear to have been adapted 
from dowsing devices: rods or pendulums. Wilbur 
McCleary’s original doodlebug was a V-shaped 
rod, with each end of the V connected to an electric 
battery, and a sample of crude oil at the apex  
of the V.

Another class of doodlebugs were radionic devices. 
These are based on the quack medical devices 
built circa 1920 by San Francisco physician Albert 

Abrams, who claimed that his machines could both 
diagnose and cure disease by radio waves. Radionic 
devices are still being made, and are widely 
available through the internet.

Some simple magnetotelluric detectors were 
manufactured and sold as water and oil finders. The 
most widely advertised of these was the Mansfield 
Patented Automatic Water and Oil Finder (Figure 2). 
It was based on an earlier version by Swiss inventor 
Adolf Schmid. Prominent French dowser Henri 
Mager also created one which he used to search for 
oil. They all had in common hundreds of wire coils 
and a sensitive compass needle. They operated on 
the assumption that magnetotelluric currents were 
strongest over water or oil. 

Prevalence

Assuming that mentions in journals and newspapers 
are representative, the number of doodlebugs 
increased greatly in the early part of the 20th 
century (Figure 3). The wave of doodlebugs peaked 
in the 1920s. A literature search identified 155 
doodlebugs in the US, introduced from 1863 to 
2003. Based on contemporary reports, this appears 
to be only a fraction of the actual total. Of the 155, 
53 were introduced in the 1920s. In the 1920s, 
doodlebugs ruled the earth.  

Doodlebugger continued from page 31.

Doodlebugger continued on page 33

Figure 2

Figure 3
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The number of new doodlebugs introduced in the US in each decade, out 
of a total of 155 identified in a literature search. Note that some fall 

outside the range of the graph.
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Doodlebugs also came to prominence in the 1920s 
in Canada, France, and Germany. Canada and 
the US had similar patterns in doodlebug use. But 
unlike the US, and Canada, French and German 
oil booms of the 1920s seem to have had far 
fewer doodlebugs than there were traditional oil-
dowsers (Figure 4). In addition, European doodlebug 
inventors were almost all from the educated class, 
whereas in the US and Canada, doodlebug 
inventors were widely spread across occupations 
and education levels. 

Twilight of the Doodlebugs

The number of active doodlebuggers rose rapidly 
1900-1920, peaked in the 1920s, then declined 
slowly over the next 40 years. The decline seems 
to have been caused by the introduction of real 
geophysical methods in the 1920s, and by the 
increasing influence of professional geophysicists 
within oil companies, making the companies more 
sophisticated judges of questionable geophysics.

Most modern doodlebugs have adopted the 
protective coloration and jargon of genuine 
geophysics (Figure 5). Yet some unsophisticated 
doodlebug swindles in the mid and late 20th 
century were surprisingly successful. A Denver oil 
promoter made minor modifications to a $3 army-
surplus radio tuner, and claimed that it contained 
an oil-detector salvaged from a crashed flying 

saucer from Venus. An eccentric Belgian count and 
an Italian TV repairman took huge sums from the 
French company Elf for two amazing geophysical 
instruments that turned out to be essentially  
disguised photocopiers. 

But conscious frauds are the exception. Most 
doodlebug operators today, just as in the past, 
are sincerely convinced that their instruments can 
detect oil or minerals. The Technology Assessment 
Group has prepared a brochure which lists common 
characteristics that help distinguish good geophysics 
from bad. Do not mourn the extinction of the 
doodlebugs. They are still with us.
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