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SGS December Luncheon Presentation

Detection Fault Related Hydrocarbon Migration
Pathways in Seismic Data: Implication for
Fault-Seal, Pressure, and Charge Prediction
Presented by
David L. Connolly and Friso Brouwer
dGB Earth Sciences, 1 Sugar Creek Center Blvd, Suite 935, Sugar Land, TX 77748
david.connolly@dgb-group.com

Introduction
Gas chimney analysis serves four major objectives: 1) Risking for maturity,
migration and charge, 2) Risking for vertical fault-leakage, 3) Risking for top-seal
breach, 4) Estimates of pressure. Due to the unique workflow, information
gathered from the chimney analysis is highly independent from information
derived using other seismic and geological risking tools. The workflow has 3
major phases: 1) reconnaissance and mapping of gas chimneys using multiattribute neural network (NN) technique; 2) validation of the NN mapping results
using a set of geological criteria; 3) interpretation of the mapped chimneys.
Finally, the results of the chimney analysis are integrated with the results of the
seismic and geological risking tools, such as Amplitude Vs Offset (AVO), basin
modeling and lithology prediction to arrive at an updated integrated risk
assessment for prospects.

Background of gas chimney analysis
It has long been recognized that many basins are dominated by vertical
hydrocarbon migration from deep, thermally mature source rocks encased in fine
grained, low permeability mudstones. This vertical hydrocarbon migration and its
seismic expression have been extensively studied, revealing how they are often
fault related. A number of studies show the relationship of vertical hydrocarbon
migration mechanisms with known fields and dry holes.
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Background, continued
Cartwright with seal bypass systems, Cowley and O’Brien with Hydrocarbon Related Diagenetic
Zones (HRDZ’s), and Heggland with gas chimneys all identify both linear (fault related) and circular
(gas clouds, blowout pipes, seepage pipes, and mud volcanoes) anomalies, which often occur at fault
intersections or structural crests.

Reconnaissance and mapping of gas chimneys
A method using supervised neural networks was developed to create geologically meaningful objects,
such as gas chimneys, from multiple attributes (Heggland et.al., 2000, Meldahl et. al. 2001). The
concept is illustrated in Figure 1. Attributes of gas chimneys, such as verticality, low Signal/Noise
ratio, chaotic dips of the seismic events, amplitude wash-out, and frequency anomalies are used in a
neural network to highlight chimneys. This neural network is trained on user provided example points.
The trained neural network is then evaluated on the key seismic lines for QC and validation.

Figure 1. Left: full stack seismic. Middle: user interpretation of chimneys (green picks) and nonchimneys (blue picks). Right: overlay of NN chimney map, with the bright red the most intense
chimneys and the blue less intense chimneys.

Validation
Vertically aligned chaotic data can occur for other reasons than gas chimneys. True HC migration
pathways can be substantiated in a number of ways:
1) Presence of drilled fields, or seismic evidence of HC presence, such as Direct Hydrocarbon
Indicators (DHIs) and HRDZs associated with the chimney.
2) Linking the gas chimney to sea-floor/surface indications of hydrocarbon seepage detected through
piston core data, side scan sonar and other methods.
3) Matching of the chimneys with basin modeling, which can predict vertical hydrocarbon migration
based on independent inputs.
4) Linking the chimneys within deep, thermally mature sediments that contain source rock intervals.
5) The chimney morphology should express a circular pockmark pattern which is characteristic of fault
related hydrocarbon migration. This is best evaluated on time and horizon slices.
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Interpretation
Risk for source rock maturity: Mapping chimneys can reveal HC expulsion from source rock
formations, especially if this process is pressure driven fracturing in low-permeability rocks. On the
other hand, if source rock is embedded in permeable formations expulsion might go undetected. Thus
gas chimney maps are a (partial) indicator for source rock expulsion.
HC migration and charge: Chimneys can be used to map broad zones of vertical HC migration that
are often the pathways for moving HC from source kitchens to reservoir levels significantly above
source rock levels. Mapping these zones can be used as input in the basin model. On prospect level
the chimney volume can be used to map vertical HC pathways that charge traps. In both cases,
based on the morphology and extent of the chimneys, together with external information such as
source rock richness, a rough estimate of HC flux can be made.
Risk for vertical fault-leakage: Leakage along fault systems is an important mechanism for vertical
hydrocarbon migration. Flux rates along leaking faults are relative high, so this can be a good
charging mechanism, but potentially also be a large seal risk. Figure 2 exhibits the different
configurations of fault leakage and trap and probability for significant HC column height. (A similar
scheme also exists for top seal.)

:Chimneys
:Reservoir

Chimney Classification: Fault Traps
Non-fault Seal
Trap (HIT)

Fault Seal
Trap (HIT)

Pressure Enhanced
Fault Trap (HIT)

Fault Leak
Trap (MIT-LIT)

Non-Chimney
Trap

0.27 (N=19)

0.57 (N=14)

:Seal
:HC
:Fault
Pressured
Compartment

Discoveries

0.94 (N=18)

0.93 (N=30)

1 (N=2)

Figure 2. Model for risking the vertical fault seal dependent part of the trap.
Risk for top seal breach: Top seals can be compromised due to different processes; each associated
with a typical flow rate and retained HC column height. A high integrity top-seal shows no signs of
leakage. .This indicates a strong seal, or a situation of undercharge. A low flux rate occurs in
moderate integrity or gas clouds traps, where the seal is unable to retain the pressure differential and
fails through micro-fracturing. .This can be due either weak top seal or large HC column (ignoring
other causes for pressure differentials for simplicity). Typically these gas-cloud traps tend to be oilprone as they bleed off the gas phase first. Three other mechanisms, each with typically higher flux
rates, are adopted from Cartwright ( et al. 2007).
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Pressure interpretation: Wells drilled through gas chimneys in the North Sea often encounter elevated
pore pressure, gas shows, and gas wetness (Loseth et al., 2002). Also, several confidential project
studies indicated a relation between gas chimneys and over-pressure. It can be hypothesized that
since gas chimneys are largely pressure driven processes, they delineate pathways of some sort of
pressure communication, often transferring deeper overpressure to shallower levels. The efficiency of
this transfer might depend on flux rate. If such relations can be established with more certainty, gas
chimney analysis can be used as an additional tool for overpressure prediction, in addition to seismic
pressure prediction based on seismic velocities.

Integration
Ultimately the results of the chimney analysis should be interpreted within the context of all seismic,
well and geological information available. While AVO and frequency attenuation give an indication of
HC presence and lateral extend of the accumulation, they do not discriminate low and high HC
saturation. In contrast gas chimney analysis can be used to risk for breached seals and thus HC
saturation and HC column heights.

GULF OF MEXICO SHELF: FAULT SEAL TRAP
An example of a GOM trap shows 2 stacked reservoirs with a fault dependent trap. In section view
(Figure 3), it is seen that the fault is leaking in the deeper part approximately up to the level of the
reservoirs (the increased amplitudes left of the fault plane, between the 2 white lines). Above the
reservoirs the fault is sealing. This is a typical example of a fault seal trap, where the deeper part of
the fault provides a charge pathway and the shallower part of the fault is effectively sealing. Obviously
the level where the fault behavior is changing is prone to accumulating hydrocarbons, provided a 3
way closure is present. Also, the top of the fault related chimneys coincides with the top of
overpressure, an observation that is repeated in many GOM case studies. Evaluating fault and
chimney attributes just below and just above the reservoir (Figure 4) confirms that the chimney has
the typical pockmarked character associated with vertical hydrocarbon migration along faults. Fault
seal traps are very common in the GOM and have a high chance to have a significant HC column.
Figure 3. A seismic section showing a drilled stacked pay in a typical fault seal trap configuration. The
reservoirs are the higher amplitude reflection on the right side of the fault between the white lines. In
the right image the gas chimney detection is overlain on the seismic, with probable vertical fluid
migration pathways in yellow and red. The 2 white lines indicated the level of the below and above
reservoir extraction of vertical fluid migration pathways in Figure 4
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Figure 4. Display of timeslices below (left) and above (right) the reservoirs seen in Figure 3. The
more intense blue tones provide an indication of the fault system. The yellow and red overlay show
the most probable vertical fluid migration pathways.

Suggested reading
Cartwright, J., Huuse,M., and Aplin, A, 2007, Seal bypass systems AAPG Bulletin, v. 91, no. 8, pp.
1141–1166
Heggland, R., Meldahl, P., de Groot, P. and Aminzadeh, F., 2000. Seismic chimney interpretation
examples from the North Sea and the Gulf of Mexico. American Oil and Gas Reporter,
February issue, pp 78-83.
Ligtenberg, H., 2005, Detection of fluid migration pathways in seismic data: implications for fault seal
analysis, Basin Research, March 2005, volume 17, p. 141-153.
Meldahl, P., Heggland, R., Bril, B., and de Groot, P., 2001. Identifying Fault and Gas Chimneys Using
Multi- Attributes and Neural Networks, The Leading Edge of Geophysics, pp. 474-482
Walraven,D., Aminzadeh, F., and Connolly, D., 2004, Predicting seal risk and charge capacity using
chimney processing: Three Gulf of Mexico case histories, Extended Abstracts , 74th SEG
annual meeting, 2004

Speaker Biography
David Connolly is the Chief Geologist, dGB Earth Sciences. David has 30 years of E&P experience
in various aspects of petroleum geology and geophysics. Formerly with Texaco, he has worked on
many exploration assignments around the globe. He was one of the pioneers of correlating gas
chimneys to trap integrity, and developed the Chimney Catalogue. His areas of expertise include gas
chimney analysis, integrated seal and fault analysis, petroleum migration, and 3D visualization. Prior
to joining Texaco, he worked as a core analyst for Schlumberger-Anadrill.
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President’s Corner

Tim Maciejewski

Dear SGS members,
I hope everyone had a good Thanksgiving holiday.
Since I attended the SEG and then was in Houston visiting family during Thanksgiving, I am neck deep
in e-mails, and I am lucky to find my keyboard this morning through all the paper on my desk. I will
keep this month’s column short.
In November, the SEG meeting was held in Las Vegas. During this time those who attended
networked, met old colleges, and gleaned new ideas that they can impart on the fields they work.
Personally, I was interested in the anisotropy and seismic interferometry presentations. For myself,
some of the presentations were too technical to comprehend fully, but learning something new is part
of the fun.
While there I had the chance to talk to the SEG leaders on how they can help the local societies.
Some of the ideas were: getting permission to re-print articles of local interest in the SGS bulletin,
continuation of local input in classes and presentations, and flexibility of DL’s due to weather.
As a side note: It has been several years since I was in the Vegas area. The last time I was there, I
remember cheap rooms and cheaper food ( $1.99 breakfasts, $4.99 steaks, $9.99 buffets ). Times
have sure changed. I remember paying $32 per night for a room three times the size of the one I
stayed in this time. This time we stayed near the convention, we did not have a car so were trapped in
the hotels for meals. The first morning, my wife and I had a good breakfast for only $45.00, to drink
they had bottles water or a can of soda for $3.00 each. A decent dinner ran you about $25+ per
person; if you wanted something from the specialty restaurants you could dish out $100+ per person
easily. This is something to keep in mind if you are planning a vacation.
Regards,
Tim M…

First Vice-President’s Corner

Eric Zimmerman

Focusing on Students
One of the tenants of our organization has been to support local area students, and historically the
primary method of support has been through scholarships. Annually we award scholarships to high
school seniors, whose parents are members of the society and to exceptional college students from the
local universities. This year in addition to the financial support we award, we are also giving students
an opportunity to present some of their work and research at our monthly meetings. These
presentations give our membership an opportunity to see the students that they support through
scholarship and to learn something new from the student’s research. The posters also give the
students a forum to present their work and to introduce themselves to professional members of the
geophysical community.
Southeastern Geophysical Society
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First Vice-President’s Corner

Continued

At our October meeting, Asani Brewton of UNO and Tabitha Watson of Tulane presented work in their
research fields. In addition to presenting their work we have given the students a platform to publish
their work in our Reflections Bulletin. At the December meeting Kyle Metz from LSU will be presenting
some of the findings from his field studies. Next year we are going to move from the college to the high
school ranks, when students from Holy Cross High School in New Orleans will present some of the
studies that they have done in looking at “Concrete in Construction”. So if you make it to the
December meeting, try to come early to talk to Kyle about his efforts and research, and if you cannot
make it, be sure to read about our students’ research here in the Reflections.

2008-09 SGS Luncheon Speaker Schedule
Date

Speaker

8-Jan

Peter Duncan, Microseismic
Diversified Well Logging
Aggressively passive: Microseismic
opportunities over an oilfield’s life
(SWPLA Joint Meeting)

12-Feb

TBA

12-Mar

Mark Miyaoka, Rock Solid Images Geophysical Pursuit
Rock Physics Diagnostics and Lithology
Substitution for Seismic Reservoir
Characterization; South TX and GOM

Northshore
Breakfast

Sponsor

Student Poster

CGV

Holy Cross H.S.

The Southeastern Geophysical Auxiliary, New Orleans
On Thursday, October 16th, the SGA took a trip to the French Quarter to The New Orleans School of
Cooking. We were welcomed to the fun, food, and folklore of New Orleans. We enjoyed “The General
Store” which was built in 1800. The store was filled with specialities of food and trivia that held a lot of
history. We had a fun demonstration of cooking and were served what our Chef was making. We had
Corn and Crab Bisque, Shrimp Creole, Bread Pudding and Pralines. We also were served Abita Beer.
I have no pictures to share because picture-taking was a no-no.
On Friday, December 12th, we will again have our Wine Tasting Party with wines from Australia.
Anyone wishing to join the SGA can call me at 504-737-9697.
Upcoming Events

January 15th
March 19th

Lunch at Adelaide’s with guest speaker Roop Raj of WDSU-TV
“A Day at the Races” at the Fairgrounds
Happy Holidays,
Rosemary Austin, Southeastern Geophysical Auxiliary
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December Luncheon Poster
Precambrian metamorphic roof pendants in the Sawtooth Mountains, Idaho, U.S.A.
Refining the tectonic framework of Laurentia
Kyle Metz, Louisiana State University
Abstract
Roof pendants in the Sawtooth Mountains (STM) of Idaho are potentially key components to
understanding the assembly of the North American (NA) craton. The NA craton is thought to be a
mosaic of Archean and Proterozoic terranes which accreted to the Wyoming Province at ~1.86 Ga
(Foster et al., 2006; Mueller et al, 2002; Vogl et al, 2003)). The western margin of the NA craton is
poorly defined because basement rock exposures are lacking, primarily due to vast CretaceousTertiary volcanic activity and sedimentary cover (Foster et al, 2006). Isolated Precambrian
metamorphic roof pendants located on top of the Sawtooth Batholith in the Sawtooth Mountains (STM)
of central Idaho provide a rare window into the middle-lower crust of the region.
Field mapping and sample collection of the rocks indicates the metamorphic units generally
strike north-south and have near vertical tectonic contacts. The STM roof pendants can be subdivided
into twelve major lithology types: quartzite, biotite schist, biotite gneiss, mixed unit- predominately
biotite gneiss, marble mylonite, calc silicate gneiss, mixed unit- predominately calc-silicate, amphibolite
pyroxene gneiss, mixed granitic rock with large amounts of biotite gneiss xenoliths. Tertiary Sawtooth
and Challis dikes which cross-cut all other units. Previous work suggests these metasediments were
buried and metamorphosed at ~24km depth in a collisional setting (Dutrow, 1995).
These rocks are ideally located. They occur in a region where no Precambrian exposures have
been studied and lie in a region between multiple terranes. Thus, they may provide the first evidence of
postulated but undescribed terranes as no data has been presented for the western margin of North
America. Defining a tectonic setting such as this will require mineralogical data to create P-T-X paths
for roof pendant rock units, U/Pb Zircon ages to determine age(s) of protolith and crustal affinity, and
monazite ages to constrain timing of metamorphism and tectonic activity to provide insights into the
assembly of NA.

Speaker Biography
Kyle Metz is a master’s candidate in the Department of Geology and Geophysics at Louisiana State
University in Baton Rouge, LA. He graduated cum laude from Texas Tech University with a Bachelors
of Science in Geology with a Math minor. While at Texas Tech University he completed his senior
thesis, Structural analysis and time constraints of the Priest Pluton in the Manzano Mountains, New
Mexico, under Aaron Yoshinobu. In his current role at LSU he is an Advanced Depositional
Geosystems fellow who has voluntarily TA’d Structural Geology and Mineralogy. His thesis is titled
“Precambrian metamorphic roof pendants in the Sawtooth Moutnains, Idaho, U.S.A. Refining the
tectonic framework of Laurentia”
Southeastern Geophysical Society

Reflections

December 2008

8

Fall Social and Membership Drive
st

Friday, October 31 , 2008

Thank You Sponsors
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House of Blues Pics

The SGS extends an apology to Tricon for
displaying the incorrect logo at the social.
Thanks again, Tricon, for your support.
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More
Photos
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100 NorthPark Blvd
Covington, LA 70433
(985) 773-6000
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Bring Your Reservoir Into Focus.

The latest 3DVSP technology from Baker Atlas and VSFusion
focuses on providing you with the best structural image of your reservoir.
The industry’s most experienced experts focus on designing surveys that
deliver the results you must have.
Our DPFASM (Deep Penetrating Focused ArraySM) patented source, tuned specifically
for high-resolution VSP surveys, when combined with the 32+ level digital receiver
produces the best survey data.

For more information, visit our website www.bakerhughes.com
© 2007 Baker Hughes Incorporated.

In addition, our VS3 processing package optimizes the velocity model while
our 3C-3D Vector Migration focuses precisely on the location of each reflection
point, ensuring you receive the most accurate structural image possible.
Why wouldn’t you want the best structural image available?
…for planning your next well, for greater confidence in your reserve calculations,
for reducing your risk, for the accuracy of your reservoir characterization, for…

A Baker Hughes - CGGVeritas Company
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Garden Banks Narrow Azimuth
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Garden Banks Fast-Trax Wide Azimuth

For a superior image just say WAZ!
Allow us to widen your perspective with Garden Banks WAZ data. The WAZ imaging
difference couldn’t be clearer. Fast-Trax data is now available.

DATA LIBRARY WITH A DIFFERENCE

Contact:
CGGVeritas Marine Data Library
+1 832 351 8501

cggveritas.com

By the time you read this ad,
this map will be out of date.
Louisiana

Texas

Gulf of Mexico

Because our crews are acquiring data every day, all day
to expand Fairfield’s 3D data base.
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High Island (69)
30,000’ offsets
11 second records

High Island East (70)
30,000’ offsets
11 second records

Future Acquisition Areas
30,000’ offsets
11 second records

Visit www.fairfield.com to view Fairfield’s multi-client coverage of 3D GOM data.
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281/275-7500
New Orleans 985/626-1400
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PGS.
Clearly Better.
Crystal I

Crystal continues...
Wide Azimuth Multi-Client 3D

» 580 deepwater Gulf of Mexico blocks
» Ramform technology and efficiency advantages
» Proven portfolio of Wide Azimuth
data processing technologies

Crystal II

» Full Azimuth Tomography
» 3DSRME
» Pre-stack Depth Migration
» Kirchhoff
» WEM
» Beam
» RTM

Oslo
Tel: 47-67-52-6400
Fax: 47-67-52-6464

London
Tel: 44-1932-260-001
Fax: 44-1932-266-465

Houston
Tel: 1-281-509-8000
Fax: 1-281-509-8500

Singapore
Tel: 65-6735-6411
Fax: 65-6735-6413

A Clearer Image

www.pgs.com

GPI continues to expand our 3-D database in the Gulf
Coast to include onshore, state waters, along with Federal
shelf and deep water Gulf of Mexico.
Larry Galloway
Phone: 985-727-6720
Email: larry@geopursuit.com
Web: www.geopursuit.com
NEW ORLEANS . 985-727-6720 . 2895 Highway 190, Suite 227Mandeville, LA 70471
HOUSTON . 713-529-3000 . 3501 Allen Parkway . Houston, TX 77019
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… And More Pics
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Chevron USA Production Company
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tim.m@chevron.com
1st VICE PRESIDENT & UNIV LIAISON – Eric Zimmerman
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Chevron USA Production Company
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EDITOR – Ken Reynolds
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