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Registration Booth Hours:

Sunday, September 26, 12:00 pm - 6:00 pm

Monday, September 27, 7:30 am - 5:00 pm

Tuesday, September 28, 7:30 am – noon
Lower Level Lobby – Radisson Hotel and Convention Center
Welcome
We invite you to join us in Kalamazoo, Michigan for the thirty-ninth Eastern Section AAPG Annual Meeting, September 25 - 29, 2010. Kalamazoo is located in the southwestern region of the Michigan Basin and offers excellent, affordable facilities, access to outstanding field excursions and provides a perfect setting for discussing energy issues of the Appalachian, Illinois, and Michigan Basins. Our meeting theme, Perseverance – the Pipeline to Prosperity, reflects the challenges we face exploring for, developing, and responsibly utilizing energy resources in the mature basins of the eastern United States and eastern Canada. The Kalamazoo organizing committee has planned technical sessions, workshops, and field trips to address these major areas of energy industry activity. Our meeting will be held at the convention facilities of the newly renovated “Kalamazoo Radisson Hotel and Convention Center.” Exhibits, posters, and oral sessions will all be held at the Radisson Convention Center, our host hotel where we have set up a discounted block of rooms. 

We have an outstanding technical program with 82 oral and poster presentations. Please join us at the Opening Session and Awards Ceremony on Sunday afternoon that will feature representatives from the various divisions of AAPG, including addresses by David G. Rensink, President of AAPG, and national officer candidates. The Eastern Section Awards Ceremony will follow the Opening Session to recognize outstanding contributions to the Section. This will be followed by our traditional Icebreaker.

We have emphasized three major trend-setting issues in the technical program. Sessions concerning ongoing and future fractured shale-gas plays will bring you up to date concerning this exciting exploration play. Due to a rash of new discoveries, based upon revitalized exploration models, we have included sessions covering reservoir characterization issues in the newly expanding Trenton-Black River play. New carbon sequestration research will also be presented in an ongoing effort to stay abreast of the latest developments concerning the responsible use of energy and the important role geologists play in this endeavor. A total of 57 oral and 25 poster presentations have been accepted for our technical program. Three workshops and three field trips will also be offered to give participants the opportunity to advance their knowledge in these, and other, challenging areas of the petroleum industry.
Workshop #1, our student designated workshop (but everyone is welcome), will be presented by Dan Tearpock. It is titled “Quality Control of Subsurface Mapping.” This course addresses the need for a systematic approach for quickly screening interpretations, maps, prospects and potential resources or reserves and identifying fundamental interpretation, mapping and estimating errors.
Workshop #2 is titled “Trenton and Black River Core Workshop,” and will be conducted by Dr. G. Michael Grammer and Dr. William B. Harrison III. Recent 3-D seismic exploration in and around the Trenton Black River Albion Scipio field has delineated new, untapped compartments, and a new Trenton-Black River field has recently been discovered. Don’t miss a great opportunity to look at some the latest exploration opportunities waiting for you in the Michigan Basin.  
Finally, on Wednesday, Workshop #3, titled “Organic Shales and Fine-grained Organic Carbonates of the Michigan Basin Core Viewing Workshop (Collingwood Shale, Antrim Shale, and A-1 Carbonate),” will be conducted by William Harrison III. This workshop is designed to help you better visualize the many-faceted aspects of unconventional shale-gas systems, and assist you in better evaluating and developing these types of plays. Here’s a great way to wrap-up the meeting’s technical presentations. Register soon for this workshop, as space is limited.

Three field trips will round out the technical program. The Pre-Meeting Field Trip on Friday will explore the Kentland Quarry Impact Structure in northern Indiana. This is a great opportunity to observe first-hand a major geological feature that is only now being recognized as being more common than originally thought. Some of these impact structures are now believed to result in significant oil and gas accumulations, such as the Calvin 28 field in Cass County, Michigan.  
The field trip on Saturday will tour the Detroit Salt Mine. This mine has been in existence for more than 100 years, and currently supplies winter road salt to many Michigan counties and other Mid-west states. You will walk through a 60-90 foot thick layer of Silurian aged salt, 1,200 feet below the surface, extending 5 miles beneath the City of Detroit. Don’t miss your opportunity to experience this unique geological setting in a working mine environment.
Sunday’s field trip and associated core workshop will examine the stratigraphy and facies relationships of Pennsylvanian fluvial/deltaic sandstones at Grand Ledge, Michigan. You will be able to correlate core interpretations with outcrop observations allowing you to better visualize rock data in relationship to depositional environments and exploration models.  
Everyone is invited to join us at our ticketed Monday evening event. We will be visiting the newly expanded “Kalamazoo Air Zoo” where we can enjoy food and fun among the vintage airplanes. New additions to the collection include a rare SR-71B Blackbird “spy-plane”), a WWII interactive theatre experience, jet pilot trainers that you can “fly,” and much more that means fun for everyone.
The downtown “Radisson Convention Center and Hotel” has been enlarged and newly remodeled. It is conveniently located in downtown Kalamazoo within walking distance of numerous excellent restaurants. You will find this a very enjoyable venue for our professional meeting.
We hope that you’ll find this year’s program educational, challenging, and stimulating. Please help us make the meeting a success by joining us in Kalamazoo!
Dr. William Harrison III
Dr. Robb Gillespie 





Dr. G. Michael Grammer
Co-General Meeting Chairmen




Technical Program 

The 2010 Organizing Committee
Co-General Chairs……………………………… 
William Harrison, III and Robb Gillespie
Technical Program………………………………  
G. Michael Grammer
Finance…………………………………………… 
Tom Hoane
Exhibits……………………………………………
Mark Nida, Tim Maness and Dave Maness
Sponsorship………………………………………. 
Murray Matson
Field Trips…………………………………………. 
Mark Wollensak and Leonard Espinosa
Workshops…………………………………………
Dave Barnes
Publicity…………………………………………….
Arlene Anderson-Vincent
Registration………………………………………..
Tom Godbold, Jennifer Ferrigan 


and Kathy Wright
Webmaster…………………………………………
Wendy Carroll
Judging……………………………………………..
Bill Stelzer
Audio/Visual………………………………………..
G. Michael Grammer, Radisson Center
Graphics & Media………………………………….
Wendy Carroll, Arlene Anderson-Vincent
Guest Programs……………………………………
Linda Harrison
Student Volunteers Coordinator………………….
Robb Gillespie
Student Job Quest…………………………………
Lee Avary
Meeting Coordinator……………………………...
Kathy Wright

Officers of Eastern Section

American Association of Petroleum Geologists
President ............................................................. 
Ed Rothman
Vice President ..................................................... 
Greg Wrightstone
Secretary ............................................................. 
Dave Harmon
Treasurer ............................................................
.
Timothy R. Carr

Awards .................................................................
Tom Partin
Archivist .........................................................……
Brian Keith

AAPG Advisory Council Representative …………..
David Harris

Michigan Basin Geological Society
President ...............................................................
Mike Olson
Vice President........................................................
Hal Fitch
Secretary…………………………………   ………….
Bob Reynolds
Treasurer ...............................................................
Thomas Hoane
Meeting Sponsors

Platinum Level



Copper Level
Range Resources, LLC.



Atlas Gas and Oil Company, LLC.







Chesapeake Operating, Inc.
Gold Level




Pittsburgh Association of Petroleum Geologists






Texas Keystone, Inc.


Anadarko Petroleum Corporation

Baker Hughes




Patron Level
Bigard & Huggard Drilling, Inc.

Dart Oil and Gas Corporation


Billman Geologic Consultants, Inc.






Directional Drilling Contractors, LLC.
Silver Level




O.I.L. Energy Corp.






Stelzer Consulting
Bay Geophysical, Inc.



Yohe Enterprises, Inc.
Jordan Exploration Co., LLC.



Miller Energy, Inc.



Special Additional Support Level
Muskegon Development Co.

Trendwell Energy Corporation


AAPG Division of Professional Affairs
West Bay Exploration Co.


Sunburst Consulting (Student Job Quest)






Chesapeake Energy (Student Job Quest)

Bronze Level
Enervest

Rock Oil Company, LLC.

Sterling Seismic Services, LTD.

Continental Resources, Eastern Region
Calendar of Events

All activities will be held at the Radisson Plaza Hotel, unless otherwise noted

Friday September 24 – Pre-Meeting Field Trip
7:00 a.m. - 6:00 p.m.
Field Trip: Kentland Quarry Impact Structure
Departs Radisson Hotel Lobby

 
Saturday, September 25
7:00 a.m. - 6:30 p.m.
Field Trip: Detroit Salt Mine Tour

Departs Radisson Hotel Lobby

9:00 a.m. - 4:00 p.m.
Workshop #1: Quality Control of Subsurface Mapping

The Great Lakes Room, Lower Level

9:00 a.m. - 5:00 p.m.
Workshop #2: Trenton and Black River Core Workshop
Held at Michigan Geological Repository for Research and Education (MGRRE)

6:00 - 8:00 p.m.
Student Job Quest Reception/Poster Competition

Meadows Room, Lower Level Lobby

Sunday, September 26
8:00 a.m. - 4:30 p.m.
Field Trip: Grand Ledge/Pennsylvanian Stratigraphy and Facies Field Trip with Core Workshop

Departs Radisson Hotel Lobby

8:00 a.m. - 4:30 p.m. 
Student Job Quest Interviews

The Fields and The Flats Rooms Lower Level and Gilmore and Parfet Board Rooms on the main floor
9:00 a.m. - 4:00 p.m.
Exhibitor Setup

Exhibition Hall (Kalamazoo Room), Lower Level

12:00 - 7:30 p.m.

ES-AAPG Meeting Registration Open

Pre-function area, Lower Level Lobby

12:00 - 4:30 p.m.

Slide Center Open

The Flats Room, Lower Lever

4:00 - 4:45 p.m.
Opening Session – Welcome, Meeting overview, Introduction of Dignitaries

Stone Theater, Lower Level

4:45 - 5:30 p.m.

ES-AAPG – Awards Ceremony

Stone Theater, Lower Level

5:30 - 7:30 p.m.

Icebreaker Reception/Exhibits Open

Exhibition Hall (Kalamazoo Room), Lower Level 

Monday, September 27
7:30 a.m. - 5:00 p.m. 
Registration Open, Continental Breakfast

Pre-function area, Lower Level Lobby

7:00 - 8:00 a.m.         
AAPG House of Delegates Breakfast 
(by invitation only)

The Oaks Room, Lower Level

7:00 - 8:00 a.m.

Speaker/Poster Author/Judges Breakfast

The Meadows Room, Lower Level

7:30 a.m.- 5:30 p.m.
Slide Center/Judges Room open

The Flats Room, Lower Level

8:00. a.m.- 5:00 p.m.
Exhibits Open

Exhibition Hall (Kalamazoo Room), Lower Level 

8:00 a.m.- 12:15 p.m. 
Technical Session 1
The Prairies Room, Lower Level

8:00 a.m.- 12:15 p.m. 
Technical Session 2
The Glens Room, Lower Level

9:00 a.m.- 4:00 p.m.
Spouse Activity

A day touring Amish Country 
 (Ticketed event)

Departs Radisson Hotel Lobby

8:00 a.m. - 5:00 p.m.
Poster Sessions #1, 2, 3, 4 

Exhibition Hall (Kalamazoo Room), Lower Level 

10:00 - 10:15 a.m.
Coffee Break

Pre-function area, Lower Level Lobby

12:15 - 1:30 p.m.
ESAAPG Council Meeting Luncheon 
(by invitation only)

The Oaks Room, Lower Level

1:30 - 5:15 p.m.

Technical Session 3
The Prairies Room, Lower Level

1:30 - 5:15 p.m.

Technical Session 4
The Glens Room, Lower Level

3:30 - 3:45 p.m.

Coffee Break

Pre-function area, Lower Level Lobby 

6:30 - 9:30 p.m.
An Evening at the Kalamazoo Air Zoo 
(Ticketed Event)

Food and fun among the vintage airplanes – Kalamazoo Aviation Museum

Buses leave from outside Radisson Hotel Lobby beginning at 5:45 p.m.

 

Tuesday, September 28
7:30 - 11:30 a.m.
Registration Open

Pre-function area, Lower Level Lobby

7:00 - 8:00 a.m.

Speaker/Poster Author/Judges Breakfast

The Meadows Room, Lower Level

7:00 - 8:00 a.m.

AAPG Membership Committee Breakfast (by invitation only)

The Oaks Room, Lower Level

7:00 - 8:00 a.m.
ES-AAPG Committee on Section Meetings Breakfast

(by invitation only)

The Fields Room, Lower Level

7:30 a.m. - 3:30 p.m.
Slide Center/Judges Room open

The Flats Room, Lower Level

8:00 a.m. - 3:30 p.m.
Exhibits Open

Exhibition Hall (Kalamazoo Room), Lower Level 

8:00 a.m. - 5:00 p.m.
Technical Session 5
The Prairies Room, Lower Level

8:00 a.m. - 12:00 p.m. 
Technical Session 6
The Glens Room, Lower Level

9:00 a.m. - 2:00 p.m.
Poster Sessions - #5, 6, 7
Exhibition Hall (Kalamazoo Room), Lower Level 

10:00 - 11:30 a.m. 
Spouse Activity

Architecture Tour – Downtown Kalamazoo
(Ticketed event)

Departs Radisson Hotel Lobby

10:00 - 10:15 a.m.
Coffee Break

Pre-function area, Lower Level Lobby

12:15 - 1:30 p.m.
All Division Luncheon (EMD/DEG/DPA - Ticket Required)

The Great Lakes Room, Lower Level

1:30 - 4:30 p.m.

Technical Session 7
The Prairies Room, Lower Level

1:30 - 4:30 p.m.

Technical Sessions 8 and 9
The Glens Room, Lower Level

Wednesday, September 29

9:00 a.m. - 3:00 p.m. 
Workshop #3: Organic Shales and Fine-grained Organic Carbonates of
the Michigan Basin Core Viewing Workshop (Collingwood Shale, Antrim Shale, and A-1 Carbonate).
Held at Michigan Geological Repository for Research and Education (MGRRE)

Exhibits

Exhibits, publications sales, and rock and mineral vendors representing 32 companies, governmental agencies and geological societies will be in attendance at the 2010 Eastern Section AAPG meeting. They will be located in the Exhibit Hall (Kalamazoo Room) and Pre-function area located on the lower lobby level of the Radisson Hotel and Convention Center. The icebreaker will be held there on Sunday evening as well, and the poster sessions will be presented there on Monday and Tuesday. During the technical sessions on Monday and Tuesday, both the morning and afternoon coffee breaks will take place in this same area.
Exhibit hours are:

Sunday, September 26, 5:30 pm - 7:30 pm

Monday, September 27, 8:00 am - 5:00 pm
Tuesday, September 28, 8:00 am - 3:30 pm

Registration Booth

Location:

The Registration Booth is located in the Pre-function area on the Lower Level Lobby of the Radisson Hotel and Convention Center (our host hotel).

Registration Hours:
Sunday, September 26, 12:00 pm - 7:30 pm

Monday, September 27, 7:00 am - 5:00 pm

Tuesday, September 28, 7:00 am – 11:30 am
The Visitor’s Guide-Booth, featuring free area maps, restaurant guides, hotel information and pamphlets about various Kalamazoo attractions is located immediately adjacent to the Registration Booth.
Cell Phones – Please be courteous to your fellow attendees and turn off your cell phone while attending technical sessions.
Information/Message Center – There will be an Information/Message bulletin board at the Registration area where you can leave or pick up messages or post information while attending the Conference/Exhibition.

Photo/Video Policy – Capturing or photographing contents of oral or poster presentations or exhibits via any electronic or film media is strictly prohibited.

Smoking Policy – Smoking is prohibited in all venues associated with the 2010 Eastern Section AAPG meeting.
Program

Friday, September 24
Field Trip #1 - Kentland Quarry Impact Structure


Trip Leader: Dr. John Weber
Departs 7:00 a.m. Radisson Hotel Lobby, Returns 6:00 p.m.
Saturday, September 25
Field Trip #2 - Detroit Salt Mine Tour


Trip Leader: E.Z. Manos
Departs 7:00 a.m. Radisson Hotel Lobby, returns 6:30 p.m.

Workshop #1 - Quality Control of Subsurface Mapping

Sponsored by AAPG Division of Professional Affairs



Instructor: Dan Tearpock

9:00 a.m.-4:00 p.m. 

Radisson Convention Center, The Great Lakes Room, Lower Level
Workshop #2 - Trenton and Black River Core Workshop
Instructors:   Dr. G. Michael Grammer, Dr. William B. Harrison, III

9:00 a.m. - 5:00 p.m.
Michigan Geological Repository for Research and Education (MGRRE) - 5272 West Michigan Ave.

Student “JOB QUEST” -  Student Job Quest Reception/Poster Competition



6:00p.m. 8:00 p.m.

Meadows Room, Lower Level Lobby
Sunday, September 26
Field Trip #3 - Grand Ledge/Pennsylvanian Stratigraphy and Facies

Field Trip with Core Workshop


Trip Leaders: Dr. David Barnes and Niah Venable
Departs 8:00 a.m. Radisson Hotel Lobby, returns 4:30 p.m.
Student “JOB QUEST” -  Student Job Quest Interviews
8:00 a.m.-4:30 p.m. 

The Fields and The Flats Rooms, Lower Level
Opening Session and Awards Ceremony 4:00 – 5:30 p.m.

Opening Session, 4:00 p.m.
Radisson Convention Center

Stone Theater, Lower Level

Presiding:

William Harrison III, General Meeting Co-Chair
Robb Gillespie, General Meeting Co-Chair

Ed Rothman, President, Eastern Section AAPG

Rick Fritz, AAPG Executive Director

David G. Rensink, AAPG President

AAPG Officer Candidates
Awards Ceremony, 4:45 p.m.

Radisson Convention Center

Stone Theater, Lower Level

Presiding:

Tom Partin,  Awards Chairman

Certificates of Merit 

Best Student Poster Award


Energy Minerals Division Best Poster


Ralph L. Miller Best Energy Minerals Division Paper Award


Division of Environmental Geosciences Best Paper


Vincent E. Nelson Best Poster Award


Margaret H. Mirabile Best Student Paper


A.I. Levorsen Memorial Award


Division of Environmental Geology (Eastern Section)


Meritorious Contributions Award


Gordon H. Wood, Jr. Memorial Award (Eastern Section EMD)


Outstanding Educator Award


George V. Cohee Public Service Award


Distinguished Service Award


Honorary Membership Award


John T. Galey Memorial Award



Galey Memorial Address

Exhibits Opening & Icebreaker  5:30 — 8:30 p.m.

Radisson Convention Center

Exhibit Hall (Kalamazoo Room) and Pre-function Area

Lower Level Lobby
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Monday, September 27

2010 Eastern Section AAPG Technical Program Schedule

Monday Morning Oral Sessions: 8:00 a.m. to 12:00 Noon
Oral Technical Session 1 – Prairies Room
Shale Petroleum Systems in Onshore Basins of Eastern North America - Framework and Geochemistry
Session Chairs:  Sandra G. Neuzil and Robert T. Ryder
8:00
Shallow Transgressive Onlap Model for Ordovician and Devonian Organic-Rich Shales, New York State

Langhorne (Taury) B. Smith

8:30 
Characteristics of the Utica black shale in NY and PA: Black shale blanket or complex facies mosaic?

Charles E., Mitchell, Robert D. Jacobi, Melissa Roloson, and Stacey Hansen

9:00 
Sequence stratigraphy and its bearing on reservoir characteristics of shale successions – examples from the Appalachian Basin

Gary G. Lash and Randy Blood

9:30  
Black shale Diagenesis: Preliminary Insights from Integrated High-Definition analyses of Post-Mature Marcellus Formation Rocks, northeastern Pennsylvania

Christopher D. Laughrey, Herman Lemmens, Tim E. Ruble, Alan R. Butcher, Greg Walker, Jaime

Kostelnik and Wayne Knowles

10:00 - BREAK

10:30 
Regional Sequence Stratigraphic Interpretation of the Marcellus Shale

Ashley S. B. Douds, David R. Blood, Christopher G. Willan and Scott D. McCallum
11:00  
Preliminary Results of a Shale Gas Assessment Project in Ontario, Canada

Catherine Béland Otis, Terry R. Carter, and Lee Fortner
11:30  
Bloomin’ Algae! How paleogeography and algal blooms may have significantly impacted 
deposition and preservation of the Marcellus Shale

Gregory R. Wrightstone

Oral Technical Session 2 – Glens Room
Reservoir Characterization

Session Chairs:  Audrey L. Varga and Amy K. Noack

8:00  
Hydrocarbon Potential of the Silurian and Lower Devonian Biohermal Dolomite in East- Central Illinois

Zakaria Lasemi, Zohreh Askari Khorasgani, and Donald G. Mikulic
8:30  
Evaluating the Controls on Reservoir Quality and Heterogeneity of Silurian Pinnacle Reefs, Michigan Basin

Audrey L. (Ritter) Varga and G. Michael Grammer
9:00  
Quantifying Pore Architecture by Facies for Enhanced Prediction of Reservoir Distribution in Silurian Pinnacle Reefs of the Michigan Basin

Amy K. Noack and G. Michael Grammer
9:30  
3-D Interpretation of the Sequence Stratigraphy and Reservoir Property Distribution in the Belle River Mills Silurian (Niagaran) Reef,

St. Clair County, MI

Heather Qualman, G. Michael Grammer, William B. Harrison III, and Matthew Pranter

10:00 – BREAK

10:30 
Sea Level and Diagenetic Controls on Dolomite Reservoir Compartmentalization: Evidence from the Niagaran Racine Formation of the Sangamon Arch, West-Central Illinois

Yaghoob Lasemi
11:00 
Making Holes in Carbonate by Microbial Acid and Gas: A Case Study in the Bahamas

Stephanie J. Schwabe
11:30 
Stratigraphy and Reservoir Characterization of the Blue Monday Sandstone, Central West Virginia

Megan E. Ganak and Donald W. Neal

Monday Afternoon Oral Sessions: 1:30 p.m. to 5:45 p.m.
Oral Technical Session 3 – Prairies Room
Shale Petroleum Systems in Onshore Basins of Eastern North America - Framework and Geochemistry

Session Chairs:  Sandra G. Neuzil and Robert T. Ryder

1:30  
Applying 3-D Seismic in Marcellus Shale Development, Greene County Pennsylvania

Pete Sullivan, Chad Cunningham and Doug Parker
2:00 
The Origin of Natural Fractures in the Antrim Shale, Michigan

Murray M. Matson
2:30  
Porosity Variation Detection using Seismic Velocity in Unconventional Shale Reservoirs: Antrim, Marcellus and Collingwood Shales

Jerome B. Blaxton
3:00  
Structural Anomalies in Black Shales of the Northern Appalachian Basin of New York State

Robert D. Jacobi, Al Leaver, Stu Loewenstein, Jodi Fisher, and Gerald Smith

3:30 – BREAK

3:45 
Structure and Geochemistry of a Cambro-Ordovician 360m Core from Saratoga Springs Region, New York State: Implications for Tectonics, Gas Exploration, and CO2 Sequestration

Stacey L. Hanson , Robert D. Jacobi , and Charles E. Mitchell
4:15  
“Seeing is Believing”…Optical Televiewer Geologic Applications

Brad Posner
4:45  
Organic Geochemical Analysis of the Paleozoic Rocks, of the Suwanee Basin, North Florida

Ramsay A. Barrett and Tim Ruble
5:15 
Dispersed Macerals and Extracted Bitumen from Immature to Low Thermal Maturity Devonian Shales in the Appalachian Basin: Can they Identify the Updip Extent of Thermogenic Gas and Vitrinite Suppression
Robert T. Ryder, Paul C. Hackley, Hossein Alimi, and Michael H. Trippi

Oral Technical Session 4 – Glens Room
Trenton and Black River Exploration and Production

Session Chairs:  Dennis R. Prezbindowski and Ron Budros

1:30  
The Relationship between Sulfide and Carbonate Mineralization and Cavernous Porosity Development in the Ordovician Galena Group Limestone (Trenton), Kane County, NE Illinois, USA

Jared T. Freiburg, Bruce W. Fouke, and Zakaria Lasemi

2:00  
Facies Control on Reservoir Quality in Hydrothermal Dolomite, Black River Group, Michigan Basin

Jennifer Schulz, G. Michael Grammer and William B. Harrison III

2:30  
Depositional Sequences and Reservoir Development in the Sub Trenton Black River Group of East Central Indiana

Dennis R. Prezbindowski, Greg H. Chitty and Timothy S. Brown
3:00  
Evaluation of the Effectiveness of Using Gravity and Magnetic Data to Define 3-D Seismic Survey Areas for Fault Related Hydrothermal Dolomite Reservoir Identification

Alan W. Hinks, Robert L. Schulz, and Eric R. Johnson

3:30 – BREAK

3:45 
Reservoir Definition of the Northern Portion of Albion Scipio Field, Michigan

Murray M. Matson
4:15 
Rice Creek Pool, Albion-Scipio Field -- A New Discovery in the Trenton and Black River of southern Michigan

John H. Fowler, Murray Matson, Matt Johnston, Bill Van Sickel and Ron Budros
4:45 
Northern Indiana and Vicinity Jointing, Fracturing, Faulting and Structural Patterns: Implications for Regional and Local Fractured Reservoirs and Tectonics in the Southern Michigan Basin and Adjacent Arches

Kevin L. Strunk
5:15 
A Model for Single-Phase Migration of Trenton-Black River Hydrocarbon in the Southern Michigan Basin

Ron DeHaas and Timothy Brock

Monday Poster Session:  8:00 am to 5:00 pm
Authors in Booths from 10:00 to 11:30 am and 2:00 to 3:30 pm

Exhibit Hall – Kalamazoo Room

Poster Technical Session 1

Geological Sequestration of CO2 and CO2/EOR

1 – A 
Pore structure analysis of Eau Claire Formation (Cambrian) and its potential for CO2 storage seal

Ling Gao, John A. Rupp, Maria Mastalerz, and Richard W. Lahann
1 – B 
Characterization of Compartmentalized Reservoirs for EOR Pilots within the Illinois Basin

John Grube, James R. Damico, Beverly Seyler, Scott M. Frailey, Vineeth Madhavan and Nathan Webb
1 – C 
Geologic Evaluation of the Newburg Sandstone as a CO2 Sequestration Target

J. Eric Lewis and Timothy R. Carr
1 – D
Reservoir Characterization and Lithostratigraphic Division of the Mount Simon Sandstone: Implications for Estimations of Geologic Sequestration Storage Capacity

Cristian R. Medina and John A. Rupp
1 – E 
Modeling of CO2-Water-Rock Interactions in Mississippian Sandstone Reservoirs of Kentucky

Anne M. Schumacher, T. M. Parris, A. E. Fryar, E. G. Beck and K. G. Takacs
1 – F 
A Comprehensive Overview of Onshore Geologic Carbon Sequestration in New York State

Alexa M. Stolorow, Brian Slater, Langhorne Smith, and Kathryn Tamulonis

Poster Technical Session 2

Responsible Development of Energy Resources in an Environment of Climate Change
2 – A 
Solar Irradiance

Kandiah Balachandran

Poster Technical Session 3

GIS and Computer Applications

3 – A 
Mapping the Michigan Natural Storage Gypsum Mine using a Geological Information System (GIS).

Neal A. Ringerwol, Kent A. Walters, and Peter J. Wampler

Poster Technical Session 4

Reservoir Characterization of Sandstones

4 – A 
Reservoir potential of calcarenaceous sandstones in a carbonate and evaporitic tidal flat sequence: Silurian Tonoloway Formation, Highland County, Virginia

John T. Haynes, Sharon E. Porter, Philip C. Lucas, Richard A. Lambert, Tim Rose, Stephen A. Leslie, and Steven J. Whitmeyer
4 – B 
Characterization of Pennsylvanian Bridgeport Sandstones in the Illinois Basin, Lawrence Field

Curt S. Blakley, John P. Grube, Philip Johanek, Vineeth Madhavan, Nathan Webb, and Beverly Seyler

Tuesday, September 28
Tuesday Morning Oral Sessions: 8:00 a.m. to 12:00 Noon

Oral Technical Session 5 – Prairies Room
Shale Petroleum Systems in Onshore Basins of Eastern North America - New Plays and Updates

Session Chairs:  Sandra G. Neuzil and Robert T. Ryder

8:00 - History of Oil Shale in the eastern and central United States

Sandra G. Neuzil and Frank T. Dulong

8:30  
Michigan Basin Utica / Collingwood Shales – A New Resource Play

Paul A. Daniels and Diana Morton-Thompson
9:00 
Shale Gas in Quebec’s Sedimentary Basins

Jean-Sebastien Marcil, Peter K. Dorrins, Jeremie Lavoie, and Jean-Yves Lavoie
9:30 
Collingwood Shale – Source Rock to Resource to Reserves

Duszynski J. R. and Esch J. M

10:00 – BREAK

10:30 
North Carolina Shale Gas – A Progress Report: Sanford Sub-basin, Deep River Basin – Lee, Chatham, and Moore Counties

Jeffrey C. Reid, Kenneth B. Taylor, and James D. Simons
11:00 
What’s new with the New Albany play in Illinois in 2010?

Joan Crockett and David Morse
11:30 
Innovation and Regulation can Coexist: New York’s Approach to Regulating Shale Gas Development

John P. Martin and Kathleen F. Sanford

Oral Technical Session 6 – Glens Room
Geological Sequestration of CO2 and CO2/EOR

Session Chairs:  David A. Barnes and John A. Rupp

8:00 
Stratigraphic Controls on Diagenesis and Reservoir Quality in a Saline Reservoir Geological Carbon Sequestration Target: the Middle Ordovician St. Peter Sandstone, Michigan Basin, USA.

Dave Barnes
8:30 
Regional Geological Sequestration Potential of the Middle Devonian Sylvania Sandstone, Michigan Basin, USA

Farsheed Rock and David A. Barnes
9:00 
Numerical Simulation of Carbon Sequestration in the Sylvania Sandstone

Anthony Clark, Farsheed Rock, David Barnes and Duane Hampton
9:30 
Integrating Mt. Simon Injection Data with CO2 Storage Reservoir Simulations for the Arches Province of the Midwest United States

Joel Sminchak, Evan Zeller, and Neeraj Gupta

10:00 – BREAK

10:30 
Distribution and Abundance of Potentially Reactive Minerals With 
Geologic CO2 Sequestration in the Mount Simon - Eau Claire Sedimentary System

Brenda B. Bowen, Raul Ochoa, Nathan Wilkens, Ryan Neufelder, Richard Lahann, James Brophy, Cristian Medina, and John Rupp
11:00 
Selective Feldspar Dissolution in Response to Elevated CO2 Pressure

James G. Brophy, Richard W. Lahann, and John A. Rupp
11:30 
Carbon Sequestration Project Workflows to Reduce Geologic Risk

Hannes E. Leetaru

Tuesday Afternoon Oral Sessions: 1:30 p.m. to 5:15 p.m.

Oral Technical Session 7 – Prairies Room
Geological Sequestration of CO2 and CO2/EOR

Session Chairs:  David A. Barnes and John A. Rupp

1:30 
Designing a Pilot Project to Test CO2 Sequestration and Enhanced Gas Recovery in Organic-Rich Shales

Brandon C. Nuttall
2:00 
Carbon Dioxide Enhanced Oil Recovery Potential of the Central Devonian Michigan Basin

Craig R. Johnson, David A. Barnes, and William B. Harrison III
2:30 
Application of Seismic Visualization to Carbon Sequestration Planning in the Illinois Basin

John H. McBride, Hannes E. Leetaru, and R. William Keach, II
3:00 
CO2 Enhanced Oil Recovery (EOR) and Sequestration: Advances in Seismic Acquisition

Phil Van Hollebeke and Nils Sandin

3:30 – BREAK

3:45 
Potential for Supercritical Carbon Sequestration in the Offshore Bedrock Formations of

the Baltimore Canyon Trough

Brian Slater, Taury Smith, Alexa Stolorow, and John P. Martin
4:15 
Old wells, potable water, and carbon dioxide-enhanced oil recovery and sequestration projects in the Appalachian and Illinois Basins of Kentucky

Kathryn G. Takacs, Thomas M. (Marty) Parris, and Brandon C. Nuttall
4:45 
Cementing Solutions for CCS Environments

Ashok Santra and Ronald Sweatman
Oral Technical Session 8 – Glens Room
Structural Analysis and Basin Modeling

Session Chair:  Kandiah Balachandran

1:30 
Michigan Basin Structural Lineaments Map

John M. Esch
2:00 
Tectonic Thermal Effects on Basin Evolution in Hawke's Bay, New Zealand

Matthew J. Legg, Kevin P. Furlong, and Peter J.J. Kamp
Oral Technical Session 9 – Glens Room
Quantitative Applications for Reservoir

Characterization and Production

Session Chair:  Kandiah Balachandran

2:30 
Challenges to Geostatistical Mapping of Porosity and Permeability for Oil and Gas Development and Geologic Carbon Sequestration

Erik R. Venteris, K. M. Carter, S. R. Kelley, C. R. Medina, C. Perry, and

R. R. Riley

3:00 
Shear Wave Conversion in Reservoir Rocks

Kandiah Balachandran

3:30 – BREAK

3:45 
Economic Analysis of Gas Production from the Silurian “Clinton” Formation in Ohio

Martin R. Shumway and Pete MacKenzie

4:15 
Fully Miscible Micellar Acidizing Solvents vs. Xylene, The Better Paraffin Solution

Kristopher A. Kreh and David W. Boswood

Tuesday Poster Session:  8:00 am to 5:00 pm

Authors in Booths from 10:00 to 11:30 am and 2:00 to 3:30 pm

Exhibit Hall – Kalamazoo Room

Poster Technical Session 5

Shale Petroleum Systems in Onshore Basins of Eastern North America

5 –A 
Thermal Maturity Map of the Devonian Shales of the Appalachian, Michigan, and Illinois Basins

Joseph A. East, Christopher S. Swezey, John E. Repetski, and Daniel O. Hayba,
5 – B 
An in-depth Study of the Beaver Meadow and 74-NY-5 Cores from the Ordovician Utica and Devonian Marcellus Shales, New York State

James R. Leone and Langhorne (Taury) Smith
5 – C 
Constraints on the origin and volume of gas in the New Albany Shale (Devonian – Mississippian), eastern Illinois basin

Maria Mastalerz, Agnieszka Drobniak, John A. Rup, Dariusz Strąpoć, Arndt Schimmelmann, and Nancy R. Hasenmueller
5 – D 
Optimization of Completions in Unconventional Reservoirs for Ultimate Recovery

Rocky Seale and DJ Snyder
5 – E 
Lithostratigraphy and Depositional Systems of the Bakken Formation in the Williston Basin, North Dakota

Anne Pendleton Steptoe and Timothy R. Carr
5 – F 
Outcrop Lithostratigraphy of the Middle Devonian Marcellus Interval in West Virginia, Pennsylvania and Virginia
Margaret Walker-Milani and Matt Boyce
5 – G 
Lithostratigraphy and Petrophysics of the Middle Devonian Marcellus Interval in Northwestern Pennsylvania

Anne Yanni, Matthew Boyce, and Timothy Carr
5 – H
Stratigraphy, Lithology and Geographic Extend of the Collingwood (Shale) Member of the Trenton Limestone in North-Central Lower Michigan


Farsheed Rock, William B. Harrison III, and Roswell Barranco
5 – I
Fayetteville Shale exposures along the Ozark Uplift of north-central Arkansas - Stratigraphy, Geochemistry, and Petrography

Douglas W. Jordan, Craig Cormany, M. Ed Ratchford, Douglas J. Schultz, and Erin Smart
Poster Technical Session 6

Structure, Basin Analysis

6 – A
Structural and Stratigraphic Framework of the Appalachian Basin from North-Central Kentucky to Southwestern Virginia: Evidence from a New Regional Cross Section

Robert T. Ryder, Michael H. Trippi, and Christopher S. Swezey
6 –B 
Michigan Basin Structural Lineaments Map

John M. Esch

Poster Technical Session 7

Sequence Stratigraphy and Reservoir

Characterization of Carbonates

7 – A 
Facies, Sequence Stratigraphy and Evolution of the Late Barremian-Turonian Platforms in North Egypt

Yasser Salama, G. Michael Grammer, Gouda Abdel-Gawad, Shaban Saber and Soheir El-Shazly

7 – B 
Sequence Stratigraphy and 3-D Reservoir Characterization of the South Buckeye Field, Dundee Formation (Devonian), Michigan Basin, USA

Shawn M. McCloskey and G. Michael Grammer
7 – C 
Prediction of Petrophysical Properties of Trenton-Black River (Ordovician) Reservoirs by Comparing Pore Architecture and Permeability to Sonic Velocity, Michigan Basin, USA

John E. Thornton and G. Michael Grammer

7 – D 
Chemostratigraphy and Oceanic Anoxic Event of the Cenomanian-Turonian Succession, West Sinai Peninsula, Egypt

Tarek I. Anan, G. Michael Grammer, Adam El Shahat, Adel M. Genedi, and Essam F. Sharaf
Wednesday, September 29

Workshop #3 - Organic Shales and Fine-grained Organic Carbonates of the Michigan Basin Core Viewing Workshop (Collingwood Shale, Antrim Shale, and A-1 Carbonate)

Conducted by Dr. William Harrison III
9:00 a.m. - 3:00 p.m.
Michigan Geological Repository for Research and Education (MGRRE)
5272 West Michigan Ave.
[image: image7.jpg]Producers of Conventional
and Non-Conventional Natural
Gas and Crude Oil

P.O. Box 177
Mason, M|l 48854
Phone: (517) 676-2900

@l®]={= Acquisitions, Development,
Exploration





[image: image8.jpg]BILLMAN GEOLOGIC CONSULTANTS

DAN A. BILLMAN, P.G., C.PG.

Phone: (724) 625-3461
402 Lincoln Ave. Fax: (412) 291-1100
P.O. Box 567 Cellular: (724) 272-4360
Mars, PA 16046 E-Mail: danaret@zoominternet.net



[image: image9.png]Daniel B. Yohe
Presxdent '

Yohe Enterpnses, Inc. :

“P.0. Drawer 250
Armada, MI 48005 - :
*586-784:5556 phone . -

Do 1586-784-5276 fax
Emaxl danyohe@shcglobalnet

oil & Gas Productwn





Field Trips
All field trips leave from, and return to, the Lobby of the Radisson Hotel
All trips require meeting pre-registration

A signed field trip release form is required for each trip
Hard hats and all necessary safety equipment will be provided for the Salt Mine tour. Hammers for sample collecting in quarries and mines are permitted, but check with your field trip leader concerning permitted sample collecting for specific sites. 
Field Trip #1

Kentland, Indiana Impact Site Quarry
Friday, September 24

7:00 a.m.-6:00 p.m.
Main Lobby, Radisson Plaza Hotel 
Fee: $105 (pre-registration) $130 (late registration)
Transportation, lunch, and a guidebook provided
Trip Leader: John Weber, Grand Valley State University
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This structural feature was discovered about 1880 when two farmers began to quarry crushed rock from the site. The presence of shatter cones and deformed bedrock led geologists to conclude by the late 1960s that the Kentland structure originated as an impact crater rather than by volcanic activity. Deformation at the site is so great that vertical contacts between normally horizontal rock formations of different ages are common. The crater itself is a circular dome, about 7.24 km (4.5 miles) in diameter, deeply eroded and buried by glacial debris. Its age is estimated to be less than 97 million years (Cretaceous or younger). The Shakopee dolomite at the center of the structure is about 450 million years old (Ordovician period) and is uplifted about 2,000 feet higher than the level of the same rock in the surrounding area. The entire disturbed area is about 13 km (8 miles) in diameter.
Field Trip #2

Silurian Salt Mine Tour
Saturday, September 25

7:00 a.m.-6:30 p.m.
Main Lobby, Radisson Plaza Hotel 
Fee: $95 (pre-registration) $120 (late registration)
Transportation, lunch, and a guidebook provided
Field Trip Leader: E.Z. Manos
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A great opportunity to visit, examine and collect in a working underground salt mine that has been in operation for over 100 years. The Silurian Salina salts have been mined in the Michigan Basin since the late 1800’s. Both underground mines and deeper solution salt mining has taken place. The Detroit Salt mine is in the Salina F salt bed, whereas most of the solution mining has taken place in the Salina A and B units.

Field Trip #3

Pennsylvanian Fluvial-Deltaic Depositional Systems

in Central Michigan Basin
Sunday, September 26

8:00 a.m.-4:30 p.m.
Main Lobby, Radisson Plaza Hotel 
Fee: $85 (pre-registration) $110 (late registration)
Transportation, lunch, and a guidebook provided
Field Trip Leaders: Dr. David A. Barnes and Niah Venable
[image: image17.jpg]


Outcrops and quarries in the Grand River Valley show excellent examples of the Pennsylvanian Grand River and Saginaw Formations. The Grand River Sandstones are a major freshwater bearing aquifer in central Michigan. The field trip will look at all the facies in this Fluvial-Deltaic depositional system. Sandstone facies are well exposed in outcrop, but their relationship to other facies in the succession is less well understood based on outcrops alone. This trip will be paired with a core workshop on the same formations in the nearby subsurface. Cores preserve the shales, coals and mixed lithology facies much better than weathered outcrop sections. Facies types and depositional systems will be discussed based upon observations from both outcrop and cores.

Workshops
Workshop #1:

Quality Control of Subsurface Mapping

Saturday, September 25

9:00 a.m.-5:00 p.m.
Great Lakes Room - Radisson Hotel Lower Level

Fee: $200 (includes Lunch and Course Notes)

Instructor: Dan Tearpock

Course Length:  1 Day

Course CEUs:  0.8
Sponsored by the AAPG Division of Professional Affairs
Course Description:
Don't be too quick to drill that next dry hole. Success is not the result of serendipity, but is based on solid scientific work. This course addresses the need for a systematic approach for quickly screening interpretations, maps, prospects and potential resources or reserves and identifying fundamental interpretation, mapping and estimating errors. The reverse application of methods and techniques as presented in our courses such as Applied Subsurface Geological Mapping and Advances Structural Geology is the core of this course. The most common errors found on subsurface interpretations and maps are illustrated with numerous examples from around the world.
The course begins with a review of examples of interpretation and mapping errors that led to poorly located wells that are uneconomic or dry, as well as inaccurate reserves or resources estimates. Methods used to address the risk factors that can cause dry holes are reviewed. The participants are then challenged with a series of real exploration and development prospects. The participants are to evaluate each project. After their evaluation, the projects are reviewed and the QC techniques that are applicable to evaluate each project are discussed. A course manual, including the challenging projects with solutions, is provided for this course.
Learning Outcomes:

1. Develop an understanding of how to evaluate a variety of subsurface maps including fault, structure, and isochore maps.

2. Understand the types of questions to ask when reviewing interpretations, maps and prospects.
3. Evaluate the 3-D viability of an interpretation, map or prospect.
4. Evaluate whether the resources or reserves attributed to a completed interpretation or map are under or over estimated.
5. Determine whether an interpreter has applied sound, industry accepted, geoscience principles and methods to generate an interpretation, map or prospect.
Who Should Attend:

Prospect generators, exploration and development geoscientists, property and prospect evaluators, supervisors, managers, bankers, investors and anyone involved in preparing, reviewing or evaluating subsurface interpretations, prospects, fields and reserves or resources.
Course Info

* Quality Assurance/Quality Control overview with examples
* Philosophical doctrine of subsurface interpretation and mapping
* Dry hole analysis
* Effect of hand and computer contouring methods in generating maps
* THE PROJECT CHALLENGES

A series of projects are presented for the participants to evaluate the following aspects of geology dealing with interpretations, maps and prospects.

- Fault surface maps
- General structure maps
- Faulted structure maps
- Directional wells
- Isochore maps used for resources or reserves estimates
- An introduction to seismic and structural geology Quality Control Techniques

Workshop #2:

Trenton and Black River Core Workshop
Sponsored by the Michigan Petroleum Technology Transfer  Council (PTTC)


Saturday, September 25

9:00am-5:00pm 
Michigan Geological Repository for Research and Education (MGRRE)
5272 West Michigan Ave.
Fee: $150 (includes Lunch and Course Notes)
Instructors:   Dr. G. Michael Grammer and Dr. William B. Harrison, III

Course Length:  1 Day
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The Ordovician platform carbonates of the Trenton and Black River Formation in the Michigan Basin have long been the target of oil and gas exploration.  The discovery of the only Michigan giant oil field, Albion-Scipio Field in the late 1950’s really focused attention on Michigan.  These are fractured, hydrothermal dolomite reservoirs with limited areal extent, but with significant volumes of hydrocarbon reserves.  Over 140 million barrels of oil and 250 BCF of natural gas have been recovered from Michigan Trenton-Black River reservoirs.  Recently, 3-D seismic exploration in and around Albion Scipio has delineated new, untapped compartments of the field. Additionally, a new field Trenton-Black River field has also been discovered. This core workshop will describe facies and reservoir properties of several cores from Albion-Scipio and other Michigan Fields.  We will discuss historic data from these reservoirs and update the production history of recent discoveries. 
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This workshop will be held at the Michigan Geological Repository for Research and Education, part of the Geosciences Department at Western Michigan University.  Go to our web page for directions to the Laboratory:

http://wsh060.westhills.wmich.edu/MGRRE/maps.shtml


Workshop #3

Organic Shales and Fine-grained Organic Carbonates of the Michigan Basin Core Viewing Workshop (Collingwood Shale, Antrim Shale, and A-1 Carbonate)
Wednesday, September 29

9:00am-3:00pm

Michigan Geological Repository for Research and Education (MGRRE)
5272 West Michigan Ave.
Fee: $75 (includes Lunch and Course Notes)
Instructor:   Dr. William B. Harrison, III

Course Length:  1 Day

[image: image20.jpg]


Collingwood/Utica Shale. The Collingwood/ Utica Shale is currently the hottest play in the Michigan Basin.   A discovery well in Missaukee County and a recent record-setting State lease sale has generated great interest in this horizon.  All known production from the Trenton Formation has historically been from the platform carbonate facies in southern Michigan; however, recent drilling in the central Michigan basin suggests potential in the uppermost Trenton (Collingwood) and the overlying Utica Shale.  The upper Trenton in the central Michigan basin is a fine-grained organic-rich facies.  Additionally, organic shales of the lower Utica Shale formation have productive potential.  We will examine several cores from the Central Michigan basin that cover the Utica-Trenton contact. TOC and Rock-Eval data suggest moderately high organic carbon content and thermal maturity.

Antrim Shale.  Nearly 10,000 wells have been drilled into the Antrim Shale of Northern Lower Michigan since the mid-1980’s.  The Antrim Shale is predominately producing biogenic gas from this shallow reservoir. We will look at several cores from around the State of Michigan from both productive and non-productive areas.  This play has already produced over 2.7 TCF of gas from the current development area.

Salina A-1 Carbonate. Limited historic production is known from this unit, however more widespread opportunities may exist throughout the Michigan Basin.  High pressure gas has been encountered in numerous central basin wells, with very limited completion attempts/successes.  Oil has also been produced in limited quantities from shallower regions near the basin margins. We will look at several cores around the Michigan Basin in this restricted, laminated, organic-rich facies.
Pre-meeting Student Job Quest
A Geoscience Employment Opportunity

Saturday & Sunday, September 25 and 26
Radisson Hotel and Convention Center

Saturday, September 25
8:30 a.m. – 5:00 p.m.

Student Workshop (Workshop #1)
The Great Lakes Room, Lower Lobby Level Radisson Hotel

(Pre-registration required)

5:30 p.m. – 6:00 p.m. Student Poster Set-up

The Pre-Function Area, Lower Lobby Area Radisson Hotel

6:00 p.m. – 8:00 p.m. Student Job Quest Reception and Poster Competition, Radisson Hotel, Pre-function Area - Lower Level

Sunday, September 26
8:00 a.m. – 4:30 p.m. Scheduled Student Job Quest Interviews

Report to The Oaks Room, Lower Lobby Level, Radisson Hotel
(Individual Interviews will be held in the Gilmore and Parfet Board Rooms on the main floor of the Radisson Hotel)
Why Should I Attend?

If you are looking for a summer internship, or for full-time employment, then this is a great opportunity to interview with several companies at one place and one time. On Saturday September 25, Dan Tearpock will present an all day workshop “Workshop #1 – Quality Control for Subsurface Maps” which can include up to 24 students. On Saturday evening, there will be a reception, poster session and networking opportunity. On Sunday, September 26, students will have the chance to meet with company representatives. Companies will review submitted resumes, poster abstracts and posters, and select individuals for scheduled interviews on Sunday. Prizes totaling $850 will be awarded for Best Student Posters.
Special Events

ICE BREAKER
Sunday, September 26, 5:30-7:30 p.m.
Pre-function Area and Exhibit Hall, Lower Level Lobby - Radisson Hotel  Our meeting begins with the traditional Icebreaker. Renew acquaintances with friends and colleagues, congratulate this year’s Eastern Section Award winners, preview the newest in technology and services in the exhibit hall, and enjoy some Kalamazoo hospitality at this year’s opening social event.  Light hors d'oeuvres and some special local wines and micro-brewed beers and soft drinks will be served. Don’t Miss It! 
EVENING AT THE KALAMAZOO AIR ZOO
Monday, September 27, 6:30-9:30 p.m.
Kalamazoo Aviation Museum
Join us for the main social event of the meeting! Buffet dinner, special local wines, micro-brewed beers and soft drinks served.
Fee: $50 (Includes transportation, dinner, admission to the museum and two drink tickets - Cash bar available all night)
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	It's a land of lions and tigers and bears. {Oh my!} But it isn't the land of Oz. The Kalamazoo Air Zoo is a world of imagination and wonder, vibrant color and characters all its own: the Flying Tiger... Goony Bird... Tin Goose... and the flying feline foursome known as the Wildcat, Hellcat, Tigercat and Bearcat.


Here is a "zoo" with a special magic; a place filled with the fantasy of flight and the mystery of history. A zoo whose "animals" are a multitude of man's magnificent flying machines, ranging from the pioneering Wright Flyer to the technologically-advanced Tomcat.

Inside the Air Zoo, the adventure continues full throttle, with an enormous array of options for the would-be aviator, ranging from a virtual reality ride in a flight simulator — complete with tilts, turns, wind and engine noise — to a KC-135 aircraft cockpit cutaway, in which visitors are invited to press the pedals, pull the throttle and push the buttons.

The Air Zoo is proud to house two halls of honor: The Michigan Aviation Hall of Fame, which lauds the lives and achievements of the state's many aviation pioneers, and the Guadalcanal Campaign Veterans Museum, which traces and commemorates the battle for Guadalcanal, a major turning point in World War II.

From rare and historical aircraft and artifacts to the World's Largest Hand-Painted Indoor Mural, there's always something new to discover at the Air Zoo.  There are over 50 aircraft on display; you can walk through history, from World War II bombers to the modern SR-71B Blackbird. You'll be surrounded by awe-inspiring mural artwork from the floor up, including the World's Largest Indoor Mural! The Air Zoo is also home to a selection of fine artwork celebrating air and space flight.

AAPG PRESENTERS’ AND JUDGES’ BREAKFAST
Monday and Tuesday, September 27 & 28                                           7:00 - 8:00 a.m.
The Meadows Room, Lower Level - Radisson Hotel
Both oral and poster session presenters, on the day of their presentation, are invited to meet session chairs and learn about the room set-up at this complimentary breakfast. Judges will also meet to receive judging materials and review assignments and procedures.             
AAPG HOUSE OF DELEGATES’ BREAKFAST
Monday, September 27                                                                           7:00 - 8:30 a.m.
The Oaks Room, Lower Level - Radisson Hotel
The Eastern Section House of Delegates and the Eastern Section Executive Committee will meet for a breakfast meeting hosted by: Chairman of the House of Delegates David H. Hawk, and  President of AAPG, David G. Rensink (by invitation only).
EASTERN SECTION-AAPG COUNCIL LUNCHEON
Monday, September 27                                                                        12:15 - 1:30 p.m.
The Oaks Room, Lower Level - Radisson Hotel
This meeting will include the annual Section business meeting and announce the results of the new officer elections (by invitation only).
EASTERN SECTION-AAPG MEMBERSHIP
COMMITTEE BREAKFAST
Tuesday, September 28                                                                        7:00 – 8:00 a.m.
The Oaks Room, Lower Level - Radisson Hotel
This is a Membership Committee meeting to discuss membership trends and recruitment and retention efforts (by invitation only).
EASTERN SECTION-AAPG FUTURE MEETINGS COMMITTEE BREAKFAST 
Tuesday, September 28                                                                         7:00 – 8:00 a.m.
The Fields Room, Lower Level - Radisson Hotel
This is a Future-Meetings Committee meeting to discuss membership meeting planning for the Eastern Section annual convention (by invitation only).

AAPG-DEG/DPA/EMD LUNCHEON
Tuesday, September 28                                                                        12:15 - 1:30 p.m.
The Great Lakes Room, Lower Level Radisson Plaza Hotel
Fee: $40 – Earns a Certificate of Continuing Education in Ethics

Join colleagues from all divisions of AAPG for lunch and a presentation from our keynote speaker:
Daniel J. Tearpock
Sponsored by The Division of Professional Affairs (DPA):

Professionalism as it Applies to Petroleum Geoscience

“The Practical Application of Ethics”

          by Daniel J. Tearpock

ABSTRACT

The Division of Professional Affairs (DPA) of the AAPG is the oldest division and is the community within AAPG that focuses on the professional practice of energy resource geoscience, upholds the AAPG Code of Ethics, provides continuing education and certifies the credentials of geoscientists. As such, the DPA forms the “inner core” of AAPG that makes it a professional society and not just a scientific society. The DPA consists of geoscientists who are committed to standards of competence, to ethical behavior and professionalism. 

Professionalism as it applies to petroleum geoscientists is a key and fundamental aspect of delivering on our promises and conducting ourselves in an ethical manner.  Reliability in a geoscientist’s opinions and work product is the cornerstone to building trust and confidence, whether it is a seismic interpretation, prospect map, resources or reserves estimates or expert witness testimony to name a few.  Reliability is increased when managers, companies and investors have the assurance that the information they are evaluating was professionally prepared. 

This talk discusses “Professionalism” in petroleum geoscience and highlights the important factors such as educational background, experience, knowledge of recommended practices, the use of advanced technology, and last but not least, personal values – Ethics.  There is, of course, always uncertainty and risk associated with the exploration or development of hydrocarbons.  However, the proper use of technology, recommended practices, industry wide standards and ethical/professional conduct not only can reduce risk and uncertainty, but can also provide to companies and investors the confidence needed to move forward with an exploration or development plan or program. 

In the end, Professionalism encompasses our use of technical practices and standards, and our character and moral consciousness that ultimately defines who we are and the reputation that will follow us through our professional career. A good reputation can take years to build, but only a second to destroy.
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Daniel J. Tearpock, Subsurface Consultants & Associates, L.L.C. Chairman/CEO – Serves in the role of Chief Executive Officer of Subsurface Consultants & Associates, LLC (SCA), which is an international petroleum consultancy and training firm. SCA is a client-focused firm that offers specialized solutions in consulting and training. Our experienced, well-trained staff has worked in nearly 50 countries. From our headquarters in Houston, Texas, SCA’s expertise reaches around the world from Kazakhstan to Indonesia, from the Canadian Rockies to the southern regions of South America.
As a working geoscientist, Mr. Tearpock has generated numerous exploration and exploitation prospects, either as the sole generator or as part of an organized multidisciplinary team. He is the co-author of three textbooks, "Applied Subsurface Geological Mapping” (1991) ©, "Quick Look Techniques For Prospect Evaluations" (1994) © and “Applied Subsurface Geological Mapping With Structural Methods” (2003) ©, and numerous technical articles. Mr. Tearpock was a finalist in 1996 and 1998 for the Ernst & Young Entrepreneur of the Year program and in 1998 received the Distinguished Service Award from Bloomsburg University, Bloomsburg, PA. He holds a bachelors degree in Earth Science from Bloomsburg University, 1970; and a masters in Geology from Temple University, 1977. He is a (AAPG/DPA) Certified Petroleum Geologist No. 4114, State of Texas Licensed Geologist No.2660 and (SIPES) Certified Earth Scientist No. 3015. 

Mr. Tearpock is a member of numerous associations including the AAPG, SPE, SIPES, SEG, GSA, HGS, EAGE, NOGS, LGS, IPA, SEAPEX & PESGB. He is currently President of the AAPG’s Division of Professional Affairs (10-11). He is a founding member and current Vice-Chairman (10-11) of the intersociety “Joint Committee on Reserves Evaluator Training” (JCORET). The member societies represented on JCORET include the AAPG, SPE, SPEE and WPC.
Spouse/Guest Activities
There are numerous things to see and do in the Kalamazoo area.  You can venture out on your own, or you can join the Eastern Section AAPG group tours. 
The Visitor’s Guide-Booth, featuring free area maps, restaurant guides, hotel information and pamphlets about various Kalamazoo attractions and events is located immediately adjacent to the Registration Booth
Monday, September 27
A Visit to Northern Indiana’s Amish Country                                                                    9:00 a.m.-4:00 p.m. – Meet in the Radisson Hotel Lobby at 8:30 a.m.
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Fee: $85 (includes transportation, lunch and admission to the Meno-hof Information Center

Journey back through time with a visit to Shipshewana, Indiana and Northern Indiana Amish-Mennonite country.  Learn about the origin, history and culture of the Amish and Mennonites at the Menno-hof Information Center. Enjoy nearby country shopping and displays of the famous Amish quilts in Shipshewana (http://www.shipshewana.com/).
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Tuesday, September 28
10:00am-11:30am
Walking Tour of Historic Downtown Kalamazoo
Meet in Radisson Plaza Hotel Lobby at 10:00 a.m.
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Fee: $20
Lynn Houghton, Regional History Curator with Western Michigan University, will lead a walk around downtown Kalamazoo, looking at the history and architecture of the community, along with the people and institutions behind it. The tour will meet at the Radisson Lobby at 10:00am, and last approximately 90 minutes.  In case of rain, Lynn will give a presentation at the Radisson Hotel beginning at the same time. 

General Cancellation Policy
After the pre-registration deadline date of September 3, 2010, the late registration fee goes into effect. Cancellations must be made in writing. Refunds will be made after the meeting (less a $25.00 charge). Cancellations requesting a refund must be received in writing by September 7, 2010 - NO REFUNDS AFTER SEPTEMBER 7, 2010. If an event is filled to capacity, you will be notified and your name placed on a waiting list. If you cannot get to the event from the waiting list, a full refund for that event will be provided. Questions? Contact Kathy Wright at kathryn.wright@wmich.,edu or 269.387.5486.
Parking
Parking, for a modest fee (variable – but usually around $7 per day), is available to all registered meeting participants in the parking ramp attached to the Radisson. The ramp is located across Park Street along the west side of the Radisson Hotel and Convention Center, and is connected to the hotel by a second story skywalk.
Accommodations
Please make your reservations directly with your hotel of choice.

Hotel expenses are not included in the meeting registration fees.
Convention (Host) Hotel
Technical sessions, exhibits and most events will be held in the Lower Level of the Radisson Hotel. A block of rooms has been set aside at the Radisson Hotel for Convention attendees. No other lodgings have been specifically committed for attendees.
Radisson Plaza Hotel at Kalamazoo Center
(aka - Radisson Hotel and Convention Center)

100 West Michigan Avenue, Kalamazoo Michigan 49007, US
Reservations:
Toll Free Telephone: 1-800-395-7046 US/Canada Toll-free
Local Telephone: (269) 343-3333 Fax: (269) 381-1560

Website: www.radisson.com/hotels/mikalama
Eastern Section APPG meeting Rate  - $139 per night
State and Federal employees — Please ask for the “Government Rate”

Other Hotel Options
About 9 blocks west of the Radisson Hotel

(less than a 10 minute walk)


Comfort Inn Downtown
739 West Michigan Avenue, Kalamazoo, MI, US, 49007
Phone: (269) 384-2800
Fax: (269) 384-2802
http://www.comfortinn.com/hotel-kalamazoo-michigan-MI255
This is a nice, three year old hotel with rooms in the $50 - $100 range.
Hotels near the intersection of U.S. 131 and Stadium Drive
West Side of Kalamazoo - About 5 miles west of the Radisson Hotel

(an easy car commute of 15 minutes)
Baymont Inn & Suites Kalamazoo
2203 South 11th St, Kalamazoo, MI 49009
(269) 372-7999 Reserve Now
http://www.baymontinns.com/Baymont/control/Booking/property_info?propertyId=17860&brandInfo=BU
Holiday Inn Hotel Kalamazoo-West 
2747 South 11th St, Kalamazoo, MI 49009
(269) 375-6000 Reserve Now
http://www.holidayinnkz.com/
Red Roof Inn West
5425 West Michigan Ave, Kalamazoo, MI 49009
(269) 375-7400 Reserve Now
http://redroof.com/reservations/property-detail.aspx?pid=00025&tab=3
“Bed and Breakfast” Options
Stuart Avenue Inn
229 Stuart Ave
Kalamazoo, MI 49007
Telephone: (269) 342-0230, (800) 461-0621
http://www.stuartavenueinn.com/
Rates range from $99 to $160 per night
About 12 blocks from the Radisson Hotel

The Kalamazoo House
447 West South Street, Kalamazoo, MI 49007
Telephone: (269) 382-0880
http://www.thekalamazoohouse.com/
Rates range from $109 to $169 per night
About 6 blocks from the Radisson Hotel

Hall House
106 Thompson St., Kalamazoo, MI 49006
Telephone: 269-343-2500   -   Toll Free: 888-761-2525
http://www.hallhouse.com/
Rates range from $89 to $180 per night
About 15 blocks from the Radisson Hotel
For additional detailed information - Where to Stay:
http://www.discoverkalamazoo.com/stay/


 HYPERLINK "http://aapgesmeeting2010.mbgs.org/meetinginfo.html" aapgesmeeting2010.mbgs.org/meetinginfo.html
For additional detailed information - Where to Dine:
http://www.discoverkalamazoo.com/dine/

Transportation
Kalamazoo is located halfway between Chicago, Illinois and Detroit, Michigan along I-94. It sits at the intersection of east-west Interstate I-94, and north-south Highway 131. Commercial air service is provided by the Kalamazoo – Battle Creek International Airport. A free hotel shuttle, or cab-for-hire, can take you to and from the airport to the Radisson Hotel in downtown Kalamazoo. Rental cars are available at the airport. 
Note About Time Zones!
Kalamazoo will be on Eastern Daylight Savings Time during the Eastern Section AAPG meeting, September 24-29. (Daylight Savings Time for 2010 begins March14 and ends November 7.)
Directions to Kalamazoo Hotels and the

Radisson Hotel/Convention Center
Situated midway between Chicago and Detroit via I-94, Kalamazoo is an ideal location for our 2010 Eastern Section AAPG meeting. US 131 intersects with I-94 in Kalamazoo, providing a major artery to Grand Rapids to the north and the Indiana Toll Road to the south, making trips to and from the Kalamazoo area easy and hassle free.
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For Additional Information call: DISCOVER KALAMAZOO

800-888-0509 - www.DiscoverKalamazoo.com





Travel Directions to the Radisson Hotel and Conventions Center:

FROM HIGHWAY 131 SOUTHBOUND and NORTHBOUND
Exit on Stadium Drive East toward downtown Kalamazoo

Follow Stadium Drive until it merges into W. Michigan Ave.

Radisson Hotel and Convention Center will be on far left (northeast) corner of

W. Michigan Ave. and  Park St.
FROM WEST ON I-94 EASTBOUND
Exit on Highway 131 North

Take the Stadium Drive Exit East toward downtown Kalamazoo
Follow Stadium Drive until it merges into W. Michigan Ave.

Radisson Hotel and Convention Center will be on far left (northeast) corner of

W. Michigan Ave. and  Park St.
FROM KALAMAZOO AIRPORT
Turn right out of Airport onto Portage Road

Continue on Portage Road to Downtown area

Turn Left on Lovell

Turn Right on Park Street

Radisson Hotel and Convention Center will be on far right corner at

Park St. & W. Michigan Ave.

FROM EAST ON I-94 WESTBOUND
Exit on Portage Road North to Downtown area

Turn Left on Lovell

Turn Right on Park Street

Radisson Hotel and Convention Center will be on far right corner at Park St. & W. Michigan Ave.

For additional detailed information - Maps and Driving Directions:
http://www.discoverkalamazoo.com/maps-and-directions-10/
Judging
We Need Your Help

Your participation in judging papers and posters for the 2010 Eastern Section AAPG meeting is urgently needed. This important function will determine winners of theEastern Section awards for the:

1) A.I. Levorsen Memorial Award for Best Oral Presentation

2) Margaret Hawn Mirabile Memorial Award for Best Student Presentation

3) Vincent E. Nelson Memorial Award for Best Poster Presentation

4) Energy Minerals Division Awards for Best Oral and Poster Presentations

5) Division of Environmental Geosciences Awards for Best Oral and Poster Presentations

6) Best Student Poster Award

Your effort will involve judging and evaluating at least one oral or poster session, and attendance at the complimentary judges’ breakfast.

To become a part of this year’s judging

contact:
BILL STELZER, Geological Consultant

6500 Mercantile Way, Suite 6A, Lansing, MI 48911

517.694.4770, fax 517.913.0480, Cell 517.290.0367,

stelzrb@aol.com
Kalamazoo Radisson Lower Level Meeting area
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Abstracts
Chemostratigraphy and Oceanic Anoxic Event of the Cenomanian-Turonian Succession, West Sinai Peninsula, Egypt

Tarek I. Anan1,2, G. Michael Grammer2, Adam El Shahat1, Adel M. Genedi1, and Essam F. Sharaf1

1 Mansoura University, Geology Department, Mansoura 35516, Egypt.

2 Western Michigan University, Geoscience Department, Kalamazoo, MI 49008-5241.

Cretaceous rocks are considered the main oil-bearing units in most oilfields of the northern Western Desert of Egypt and some fields in the Gulf of Suez region. The Raha and Abu Qada Formations (Cenomanian-Turonian) are composed of five third-order depositional sequences, three of which are observed in the Raha Formation, with the other two recorded in the Abu Qada Formation. Sinai Peninsula was tectonically stable during the Cenomanian and middle-late Turonian, so changes in relative sea level played a major role in lateral and vertical distribution of facies. There is a good relationship between sea level fall and increasing of SiO2, Al2O3, Fe2O3, and MgO concentrations in the studied carbonates. The SiO2, Al2O3, Fe2O3, and MgO contents increase landward in highstand systems tract deposits, especially in shallow lagoonal carbonates. On the other hand, there is a good relationship between rising sea level and increasing of CaO and Sr contents in the studied carbonates. The CaO and Sr concentrations increase basinward, in transgressive systems tract and flooding events. The increasing content of CaO and Sr basinward is an indication of a little effect of dolomitization in outer ramp carbonates and suitable conditions for carbonate factory while in the shallow lagoon; the siliciclastics hinder the carbonate formation.

The Cenomanian-Turonian boundary event is known as the largest oceanic anoxic event during the Cretaceous. This global event has been documented in five of the studied sections. The lithology of this horizon is composed mainly of argillaceous limestone and shale containing planktonic foraminifera, calcispheres and ammonites. The observed δ13C excursions vary between +2.67 ‰ and +5.25 ‰. These high positive excursions in δ13C are associated with highly negative values of δ18O (values range from -6.01 ‰ to -1.38 ‰). Excess burial of organic carbon in global anoxic oceans resulted in prominent positive δ13C excursions in marine carbon records across the Cenomanian-Turonian interval.

Shear Wave Conversion in Reservoir Rocks

Kandiah Balachandran

Kalamazoo Valley Community College, Kalamazoo, MI 49003-4070, kbalachandra@kvcc.edu 

     Converted shear waves (P- to S-) are clearly seen at large offsets in conventional seismic reflection profiling using 3-component seismometers.  However, at normal or near normal incidence it is unusual.  One such observation where the horizontal component signal was more pronounced than the corresponding vertical component prompted this inquiry.  Possible explanations are scattering and anisotropy.  A different possibility considered here is the conversion due to lateral motion of fluids in the reservoirs.  This lateral motion of fluids induces shearing forces on the rock matrix due to a combination of viscous drag and pressure differences. An experiment investigated the influence of fluids on the transmitted wave.  Compression and shear motion in two orthogonal directions were induced on one face of the core sample and for each set-up all three motions were recorded on the opposite face.  The data suggests that the converted shear is enhanced by the presence of fluids, in this instance, water. This transmission experiment was repeated using oil and a very significant difference between the amplitudes was observed.  One has to realize that this demonstration is made at MHz frequencies.  However, the original field observation was made at seismic frequencies of ~ 20 Hz; and, hence it behooves us to investigate the relationship between converted shear wave amplitudes and reservoir fluids at seismic frequencies.  This may be considered analogous to “bright spot” technology for detection of gas.

Solar Irradiance

Kandiah Balachandran

Kalamazoo Valley Community College, Kalamazoo, MI 49003-4070, kbalachandra@kvcc.edu 

     Solar radiation received at ground level anywhere on Earth depends on the time of day, the latitude, the absorption and scattering by the column of air above the ground, and several other factors.  A comparison of the vast amount of solar radiation we receive daily to the total energy usage of the World and particularly the U.S. shows how we fail to harness this “near infinite” resource. Data gathered and published by the Department of Energy is used in the talk. Calorimetric experiments are used to estimate the amount of solar irradiance received at ground level in Kalamazoo at different times of the day over several days. These results are compared to the outputs of typical household stoves. 

Stratigraphic Controls on Diagenesis and Reservoir Quality in a Saline Reservoir Geological Carbon Sequestration Target: the Middle Ordovician St. Peter Sandstone, Michigan Basin, USA.

Dave Barnes (barnes@wmich.edu), Michigan Geological Repository for Research and Education/Geosciences, Western Michigan University, Kalamazoo, MI, 49009

     The Middle Ordovician St. Peter Sandstone is present throughout much of the North American mid-continent and is represented in the Michigan basin subsurface by up to 1,200 ft of shallow marine, dominantly coarse-grained, sandy clastics. Saline reservoir, geological carbon sequestration potential in the St. Peter is supported by significant hydrocarbon production in over 80 fields in Michigan.

     Three lithofacies are typically present in the Michigan subsurface. Although there is a general inverse relationship between burial depth and reservoir quality in the St. Peter, complex diagenetic alteration and reservoir quality due to mineral dissolution are templated by primary lithofacies and not strictly related to burial depth. Upper, quartzo-feldspathic, typically authigenic clay-rich lithofacies have moderate to good reservoir quality resulting from dissolution of primary and secondary minerals and ubiquitous secondary porosity. The middle and thickest lithofacies is very pure quartz sandstone, which retains little porosity due to abundant quartz cement and pressure solution at moderate burial depths.

     Analysis of core and logs from the upper lithofacies in Northern Lower Michigan indicates that the upper St. Peter was deposited in shoreface to offshore shelf depositional environments near and below normal wave base in a storm influenced, epieric sea. Tempestite bedding is the norm in intensely burrowed, normally graded, and scour based sandstone to silty-micritic mudstone hemicycles. Noteworthy in core are thin shale beds that directly overlie sandstone at sharp contacts. These surfaces are useful for intra-regional correlation and are interpreted as marine flooding surfaces.

     Petrographic observations indicate that strata adjacent to flooding surfaces experienced early, carbonate and phosphate, sea floor cementation. These marine hard grounds may have formed due to prolonged residence at the sediment–water interface during periods of slow sediment accumulation rates associated with the marine flooding events. The significance of early, carbonate and phosphatic cements is that these cements preserve intergranular pore volume through the zone of quartz burial diagenesis. Subsequent dissolution of these intergranular cements is a major mechanism for the formation of reservoir quality in the St. Peter Sandstone in the Michigan basin.

Organic Geochemical Analysis of the Paleozoic Rocks, of the Suwanee Basin, North Florida

Ramsay A. Barrett1, Tim Ruble Ph.D2 

1 Virginia Energy Consultants, LLC, 7831 Carters Run Drive, VA 20115, rdzce5@aol.com

2 Weatherford Laboratories 8845 Fallbrook Dr. Houston, TX 77064 Tim.Ruble@weatherfordlabs.com

     The Suwannee Basin is located in the northern Florida peninsula and extends north into very southeast Georgia. This basin consists of a Paleozoic section of sedimentary rocks that sub crops under a 3000 to 5000 foot thick sequence of Cretaceous to Recent sediments that comprise Coastal Plain Sequence.  The Paleozoic section consists of Ordovician through Devonian aged sandstones and shales.  This sequence of sedimentary rocks was first recognized from oil industry exploration wells in the 1930’s and 1940’s and initially affinities to the rocks in the Appalachian Piedmont were assumed. Later work indicated the Suwannee Basin was a fragment rifted from the African craton. The sedimentary section was initially deposited in the Bovie Basin of the Guinea, Africa and later rifted and accreted to the North American craton. 

     The dark gray to black shales were sampled from a drill cuttings sourced from eight oil industry test wells that penetrated Paleozoic aged rocks in the Suwannee Basin. The shales chosen for analysis were selected based on Gamma Ray response from well logs and cuttings descriptions from mud logs. Analysis consisted of determining TOC values, the suite of tests that make up Rock-Eval and vitrinite reflectance. Very limited vitrinite made determination of maturation values hard to ascertain. The interpretation when all data was combined was that the Paleozoic section of the Suwannee Basin was extremely mature and that the potential for commercial accumulations of natural gas as found in other black shales was not present in the Suwannee Basin.  

Preliminary Results of a Shale Gas Assessment Project in Ontario, Canada

Catherine Béland Otis1, Terry R. Carter2, and Lee Fortner3
1Ontario Geological Survey, Sudbury, ON, P3E 6B5, catherine.belandotis@ontario.ca

2 Ontario Ministry of Natural Resources, London, ON N6E 1L3, terry.carter@ontario.ca  

3 Ontario Ministry of Natural Resources, London, ON N6E 1L3, lee.fortner@ontario.ca

     Shale gas plays have recently been proven in various states and provinces of northeastern North America bordering on Ontario. Only one shale gas exploration well has been drilled to date in Ontario despite the presence of the same organic-rich shales. Consequently, the Ontario Geological Survey (OGS) has initiated a multi-year project to assess the shale gas potential of southern Ontario.

     Potential shale gas units include the Ordovician Collingwood Mb, Eastview Mb, Blue Mountain, Billings, Georgian Bay and Carlsbad formations as well as the Devonian Marcellus and Kettle Point formations. The main objective of the project is to examine the potential of these strata by obtaining new crucial data. The first component of the project in 2009 involved the compilation of existing information and data, followed by Rock-Eval analysis of rock samples from outcrops and from drill core and cuttings samples stored at the Oil, Gas & Salt Resources Library of the Ministry of Natural Resources .In April 2010 two diamond drill holes were completed in the Kettle Point Formation to obtain samples for desorption, gas composition, permeability, porosity, mineralogy, total organic carbon and maturity analyses.  Both wells intercepted shale thicknesses of more than 80 meters. Gas shows were observed in both wells, mostly concentrated in the lower member of the unit. Additional testing is currently underway. Geophysical logs were run in both holes.

     To date, the research has focussed on the Kettle Point Formation; however, the OGS plans to examine all potential shale units. 

Characterization of Pennsylvanian Bridgeport Sandstones in the Illinois Basin, Lawrence Field

Curt S. Blakley1, John P. Grube1, Philip Johanek1, Vineeth Madhavan1, Nathan Webb1, and Beverly Seyler1
1Institute of Natural Resource Sustainability, Illinois State Geological Survey, Champaign, IL, 61820, blakley@isgs.illinois.edu

     Twelve percent of the production in Illinois is attributed to Pennsylvanian sandstones in mature fields. Many of these fields have reached their economic limit and are prime candidates for implementation of Enhanced Oil Recovery (EOR) techniques. 

     Characterization of the Pennsylvanian Bridgeport A, B, and D sandstones for an Alkaline Surfactant Polymer pilot study in Lawrence Field, Illinois, revealed a complex depositional regime that appears to be, in part, tidally influenced.  Detailed core descriptions from six pilot wells in conjunction with dense geophysical log data led to the development of facies models showing rapid spatial changes responsible for compartmentalization of Bridgeport sandstones. This is important for the identification of flow unit configuration, a critical requirement for the success of EOR projects.

     Reservoir geometries were mapped utilizing 50 percent clean sandstone measurements from normalized SP curves and gamma logs.  The resulting maps indicate the need for classification of subdivisions within the individual Bridgeport sandstones for the purpose of defining and effectively enhancing recovery from reservoir compartments.  Sandstones immediately underlying the Bridgeport D, and stacked sandstones above the Bridgeport B, often have subtle log inflections, which could indicate vertical communication between compartments.  Minor sub-regional shales within the Bridgeport C interval have the potential to be used as supplemental correlation markers.  Permeability barriers in the form of secondary precipitation of pyrite and calcite were identified in core descriptions and correlated on geophysical logs.  Work continues on identifying additional sub-regional correlation features on logs and core to further characterize flow units for effective EOR implementation.  

Porosity Variation Detection using Seismic Velocity in Unconventional Shale Reservoirs: Antrim, Marcellus and Collingwood Shales.

Jerome B. Blaxton

Integrity Geophysical Services, Mt. Pleasant, Michigan, 48804

     Both matrix porosity and fracture porosity influence well performance in terms of ultimate recovery and production rates. Identifying and drilling in areas of above average porosity will result in above average ultimate recoveries. Areas of high porosity consistently exhibit a slower seismic velocity than lower porosity areas. Slow velocity anomalies associated with high porosity are detected by conducting high resolution velocity analysis on each common depth point and every sample within the common depth point. The velocity anomalies are easily mapped using both 2D and 3D seismic data. Azimuthal anisotropy can influence results if fracture porosity is the dominate porosity type. Several examples of seismic velocity data verified with well control are presented from Antrim, Marcellus and Collingwood Shale localities.

Distribution and Abundance of Potentially Reactive Minerals With Geologic CO2 Sequestration in the Mount Simon - Eau Claire Sedimentary System 

Brenda B. Bowen1, Raul Ochoa1, Nathan Wilkens1, Ryan Neufelder1, Richard Lahann2, James Brophy3, Cristian Medina2,3, and John Rupp2
1Purdue University, Department of Earth and Atmospheric Science, West Lafayette, IN 47907, bbowen@purdue.edu

2Indiana Geological Survey, Bloomington, IN 47405

3Indiana University, Department of Geological Sciences, Bloomington, IN 47405

The ability to predict how carbon dioxide (CO2) will behave in the subsurface relies, in part, on a detailed understanding of the mineralogical, geochemical, and petrophysical properties of the formations that make up the reservoir and seal on macro- to microscopic scales.  As CO2 dissolves in the formation brines, fluid pH can drop from near neutral to below 4, leading to dissolution of some mineral phases (e.g., feldspar, iron oxide, carbonate) and precipitation of subsequent secondary minerals.  The consequences of these reactions can have both positive and/or negative effects on the reservoir and seal.  For instance, these reactions can alter porosity and permeability, and can also provide important ions that could help to facilitate the trapping of CO2 over geologic time scales.  New analyses of the Mount Simon Sandstone and the Eau Claire Formation, the respective reservoir and seal for ongoing CO2 sequestration demonstrations in the Midwest, have been aimed at identifying the types, abundance, and distribution of potentially reactive minerals within these units.  In addition to abundant detrital and authigenic quartz and feldspar, these formations contain micas, variable clay minerals, iron oxides, carbonates, sulfates, pyrite, etc. Using a combination of petrographic techniques (including cathodoluminescence and scanning electron microscopy), together with mineralogy (via x-ray diffraction and short wave infrared reflectance spectroscopy), and geochemical analyses (including major oxide, trace element, and isotope geochemistry), we evaluate sedimentologic and diagenetic controls on the distribution of potentially reactive phases, leading towards predictive models of where in the basin they are more likely to occur.  

Selective Feldspar Dissolution in Response to Elevated CO2 Pressure
James G. Brophy1, Richard W. Lahann2, and John A. Rupp2 

1Department of Geological Sciences, Indiana University, Bloomington IN 47405-2208

2Indiana Geological Survey, Bloomington IN 47405-2208

     To assess the reactivity of deeply buried, brine-saturated feldspathic sandstone during injection of CO2, three sandstone samples from the Mount Simon Sandstone (Cambrian) were immersed in 75,000 ppm NaCl brines at 85oC and a CO2 pressure of 3,000 psi for durations of 6 to 12 months. The sandstones consisted of detrital quartz, feldspar (Or92-Or98) and accessory minerals. Secondary minerals included overgrowths of quartz and feldspar (Or99-Or100), and pore-filling clay minerals. No mineral reactions were observed in the presence of a CO2 atmosphere without brine. In the presence of a CO2 atmosphere and brine, secondary clay minerals were extensively dissolved and feldspar overgrowths were partially dissolved. Primary grains remained effectively unaltered despite extensive dissolution of feldspar overgrowths.   

     Assuming feldspar cores of Or92-98, feldspar overgrowths of Or99.5, a brine composition of 1.3 m Na+ (75,000 ppm of NaCl) and 10-6 m K+ (.04 ppm), and ideal solid and aqueous solutions, estimated activity products for the overgrowth relative to the more sodic detrital grain is ~ 0.5, indicating a lower level of saturation. Illinois Basin brine compositions indicate that the potassium (K) concentration in 75,000 ppm NaCl brines is near 900 ppm, far in excess of post reaction brine analyses of 20 to 60 ppm.   These observations support the concept that the overgrowth was substantially undersaturated relative to the synthetic brine. Rapid etching of the overgrowths relative to the core grains is probably an artifact of experimental design and not expected in a CO2 injection program. These experiments suggest that K-feldspar etching is very sensitive to the grain composition and preferential etching of exposed core grains is the likely result during actual injection.
Numerical simulation of carbon sequestration in the Sylvania Sandstone

Anthony Clark, Farsheed Rock, David Barnes and Duane Hampton

     The feasibility of carbon sequestration in the Devonian Sylvania Sandstone and Bois Blanc Formation was studied in the central Michigan Basin, USA. The Sylvania Sandstone is an important carbon capture and sequestration (CCS) target because it is present throughout a region with high CO2 emissions (>~20 Mmt/year).  This unit has proven reservoir quality as demonstrated by historic liquid waste disposal activities and an overlying suitable cap rock. The Sylvania Sandstone is a geologically complex and heterogeneous formation.  There is reworked, aeolian, quartzose littoral sandstone of the Sylvania intermingled with siliceous, shallow shelf carbonates of the Bois Blanc.  The Sylvania occurs in three main shallowing, shoaling upward parasequences that compartmentalize the reservoir.  Core analyses indicate that the sandstone lithofacies have moderate to good porosity (Ø), high permeability (K), and are excellent injection targets. Tripolitic chert lithofacies have high Ø, low to moderate K and questionable injection potential.  All other carbonate lithofacies have low Ø and K.  Detailed reservoir characterization determined that approximately 730 million metric tons could be stored in the Sylvania Sandstone in central lower Michigan, albeit with a high degree of regional variability.

     Numerical simulations of supercritical carbon dioxide CO2 injection were conducted using a DOE simulator named STOMP.   Models were run at several known well locations within the Sylvania,  showing substantial variation in injection rates, plume radius and stored volumes over the 10 year injection period and 20 year relaxation period.  Multiple locations had an injectivity of at least 1000 mt /day .   The crucial importance of detailed geologic characterization of potential injection sites could be seen in. the varying CO2 plumes and the migration response of the brines as well as the difference in injection rates resulting from heterogeneous rock mechanical and hydraulic properties.

What’s new with the New Albany play in Illinois in 2010?

Joan Crockett, David Morse

Illinois State Geological Survey, Institute of Natural Resource Sustainability, University of Illinois at Urbana-Champaign, IL 61820, crockett@isgs.illinois.edu

     The modern New Albany Shale in-situ gas play has been well-established in Indiana and Kentucky for over a decade, but the play lags in development in Illinois, despite the source rock being thicker, more widely distributed, and having the potential for wide distribution of both the biogenic, thermogenic and mixed play sub-types.  We will discuss many factors that contribute to the play and possible reasons why the play has not been widely pursued in Illinois.  Important considerations for gas potential are formation water salinity, thermal maturity and Total Organic content.  Important considerations for producibility are natural fractures, mineralogy, which affects brittleness, and present day stress regime.  New research should focus on acquiring new formation oil, water and gas chemistry and isotope data from the New Albany as well as adjacent formations.  We will show updated play maps, provide interpretations, and offer comments on activity in the New Albany in Illinois. 

Michigan Basin Utica / Collingwood Shales – A New Resource Play

Paul A. Daniels, Diana Morton-Thompson

Earth Resources International, L.C., Kalamazoo, MI, 49019

paul.daniels@earth-resources.com,

d.morton-thompson@earth-resources.com

     Unconventional resource plays, particularly shale plays for natural gas, have become increasingly popular in North America and across the globe.  In the Northeastern U.S.A. and Southeastern Canada more attention is focusing on the Ordovician Utica Shale.  The Michigan Basin covers portions of five (5) States and one (1) Canadian Province.  The part of the Michigan Basin containing the thickest and greatest burial depths of the Utica / Collingwood Shales is located within the borders of the State of Michigan.  

     A recent discovery well by EnCana Oil & Gas (USA), Inc. (“EnCana” dba Petoskey Exploration LLC) has proven one portion of the deeper Michigan Basin to be productive of both natural gas and condensate primarily from the Collingwood Shale.  According to an EnCana report, the wildcat well encountered approximately 245 feet (75 meters) of Utica / Collingwood Shales between 9260 feet (2822 meters) and 9505 feet (2897 meters) in depth.

     Discussion topics include:  the EnCana discovery; and publically available information on Michigan Utica stratigraphy, lithofacies, geochemistry, and thermal maturity.  Comparisons will also be made with the Utica Shale in New York State.  

A Model for Single-Phase Migration of Trenton-Black River Hydrocarbon in the Southern Michigan Basin

Ron DeHaas1 and Timothy Brock2 

1 Jaxon Oil Co., Owosso MI  48867, ron.dehaas@covenanteyes.com

2 Brock Engineering, LLC, Traverse City, MI  49684, brock.engineering@yahoo.com 

A model is presented in which hydrocarbons of the southern Michigan Basin Trenton-Black River migrated into existing reservoirs as a single liquid phase.  Based on an assumption that southern Michigan once had an overburden of an additional 2000+ feet which has been eroded away, data is presented demonstrating the likelihood that the gas currently contained in hydrocarbon reservoirs was transported in the liquid phase.  Pressure relief owing to overburden removal (and uplift?) after migration allowed the gas cap to form.  This model is consistent with, and offered as the best explanation for:  1.)  Presence of a gas cap throughout the southern Michigan Trenton platform;  2.)  Trenton-Black River gas composition;  3.)  Presence of "perched" water in the oil zone;  and 4.)  Presence of "perched" oil in the gas zone.

Regional Sequence Stratigraphic Interpretation of the Marcellus Shale

Ashley S. B. Douds, David R. Blood, Christopher G. Willan and Scott D. McCallum
EQT Production, Pittsburgh, PA 15222, adouds@eqt.com 

 

The Middle Devonian Marcellus Shale was deposited in relatively shallow water in the Acadian foredeep of the Appalachian Basin and is a proven gas source and reservoir. Several regional correlative surfaces have been identified from standard triple combo well log data and interpreted within the Marcellus.  Regional correlations, incorporated with core analysis, have led to the development of a sequence stratigraphic framework for the Marcellus.  

     The Marcellus rests disconformably on the Onondaga Limestone and contains a minimum of two third order sequences and several higher-order, sub-regional sequences.  Accommodation space for the sequences is created by subsidence in the foreland basin.  The base of each sequence is represented by black, laminated shale with large amounts of detrital shell material, which, in turn, is overlain by transgressive black, organic rich shale.  The black shales grade upward, as well as in a proximal direction, into gray shale which is occasionally capped by a shallow water limestone.  This sequence is repeated through the deposition of the Tully Limestone, after which Acadian clastics replace the carbonates.

     Identification of the systems tracts and mapping their regional distribution has highlighted differences in the nature of the grey and black shales and allowed for the creation of a depositional model.  The sequence stratigraphic framework, wireline log data, core data, and petrophysical and geochemical analyses have been integrated to predict key parameters such as porosity, organic carbon content, and mineralogy and then incorporated into a general basin model to determine burial and thermal maturation history.  

Collingwood Shale – Source Rock to Resource to Reserves

Duszynski J. R.1 and Esch J. M.2 
1Michigan Geological Survey, DNRE, Lansing, MI, 48909 E-mail: duszynskij@michigan.gov

2Michigan Geological Survey, DNRE, Lansing, MI, 48909 E-mail: eschj@michigan.gov

     The Ordovician Collingwood shale named for exposed oil shale near Collingwood Ontario Canada has been recognized as a petroleum source since it was quarried for oil retorting in 1859.  This formation reverted to resource status with the development of the economically superior Devonian crude oils from Oil Springs Ontario in 1863.

     Recent horizontal drilling and fracturing have found natural gas in apparent commercial quantities in the State Pioneer #1-3 well in the Northern Michigan basin.  This discovery moves this shale from a known source rock back to a resource with reserves.

     Detailed mapping and cross sections have been developed to illustrate the location, thickness, and character of the Collingwood shale, Utica, and Trenton formations from well logs of more than 300 penetrations in the Michigan basin.  Extent and richness of the shale was interpreted to develop estimations of the potential reserves from the limited data.  Some thinning or non-deposition is noted on Paleozoic structures.  Depositional nature and hardground indicators favor the Collingwood shale as a member of the Trenton group and distinct from the overlying Utica shale.

     Reservoir quality and productive capacity are extrapolated from early indicators of TOC, maturation and porosity through deliverability to hydrocarbon reserve estimations.  The developing gas play will test the limits and productive value of this shale resource.

Thermal Maturity Map of the Devonian Shales of the Appalachian, Michigan, and Illinois Basins

Joseph A. East, Christopher S. Swezey, John E. Repetski, Daniel O. Hayba, 

United States Geological Survey, Eastern Energy Resources Science Center, Reston, VA 20192, jeast@usgs.gov

     USGS geologists have created a new thermal maturity map of the Devonian shales of the Appalachian, Michigan and Illinois basins of the United States.  The outline of the shale was constructed by digitizing shale formations taken from official state geologic maps, and a geologic map of Canada in ArcGIS and then latticed together to form a polygon.   Resolution of the state maps varies, and some interpretation was necessary through portions of the Great Lakes and at “state line faults.”  Thermal maturity isograds were then overlaid on the polygon to create polygons showing areas of immature, oil window, gas window, and overmature shale.  The isograds were constructed using varying thermal indicators such as vitrinite reflectance (Ro), Conodont Alteration Index (CAI) Thermal Alteration Index (TAI), Spore color Index (SCI) and published literature.    

     The Appalachian basin contains all four thermal maturation windows going from high maturation in the East and decreasing to low maturation in the west.  The Michigan basin has a small amount of Devonian shale in the gas and oil window, with the majority of it being immature.  The Illinois basin has shale in the oil window and shale that is thermally immature.  This map shows the greatest potential for oil shale resources is in the western Appalachian basin, along with the margins of the Illinois and Michigan basins.

Michigan Basin Structural Lineaments Map 

John M. Esch

Michigan Department of Natural Resources and Environment, 

Office of Geological Survey, Lansing, MI, 48909, eschj@michigan.gov

     Until recently there has been little recognition of significant faulting in the Michigan basin. Structure contour and isopach maps for every Paleozoic formation and residual structure contour maps of key marker beds were used to map structural lineaments (faults and monoclines). Residual structure contour maps were made using gravity and magnetics regional trend removal filtering techniques. This allowed regional basin dip removal from structure contour maps revealing subtle structural lineaments. Structural lineaments were confirmed with gravity, magnetics and wells with fault indicators. 

     In general the structural lineaments have a dominant NW-SE trend with a NE-SW subdominant conjugate set. Whereas in southwest Michigan, structures trend NE-SW. These structural lineaments are due to periodic reactivation of basement faults from multiple orogenic events which propagated up through the Paleozoic section. They appear to have had a complex history of normal, reverse and strike-slip movements. Very similar structural lineament and anticlinal patterns are seen on most Paleozoic formations. Several faults show increased throw with depth indicating syndepositional faulting. The structural lineaments help show that the central basin deep anticlines are offset relative to shallow anticlines in a predictable way. 

     Similar structural styles can be grouped geographically across the basin and are related to different underlying Precambrian basement structural provinces. The basement provinces consist of a complex network of faults, half-grabens, grabens, and horst blocks of differing lithology, density, thickness, thermal history and different sets of preexisting weaknesses. Thus they would behave differently under extension, compression, overlying basin subsidence and the different Appalachian orogeny stress field orientations. Structural lineaments have significant implications for hydrocarbon and dolomitizing fluids migration, hydrocarbon exploration and carbon sequestration. 

Rice Creek Pool, Albion-Scipio Field--A New Discovery in the Trenton and Black River of Southern Michigan
John H. Fowler1, Murray Matson2, Matt Johnston2, Bill Van Sickel1, Ron Budros3                    
1Polaris Energy, Jackson, Mi. john@polarisenergyinc.com, bill@polarisenergyinc.com                                                                 2West Bay Exploration, Traverse City, Mi. murray@westbayexploration.com,      matt@westbayexploration.com                                                                                              3Innova Exploration, Traverse City, Mi. rbudros@innova-exploration.com   

     In 2006 a significant new oil pool was found by West Bay Exploration Co. and partners within the general outline of Albion-Scipio Field, Calhoun County, Michigan.  Revealed by 3D seismic, the new pool was discovered 49 years after the main body of giant Albion-Scipio, and 24 years after the last major Michigan Trenton and Black River discovery at Stoney Point Field.  The Rice Creek prospect was based upon a gross structural model of the Albion-Scipio trend as a divergent left-lateral wrench fault system with right-stepping en echelon offset.  Faults and fractures associated with movement along the basement-involved master fault introduced magnesium-rich water which extensively dolomitized the otherwise dense, non-porous lime-stone of the Trenton and Black River Formations.  Despite close proximity to depleted en echelon siblings Cal-Lee Pool to the north and Sheridan Pool to the south, Rice Creek was found to have normal reservoir pressure.

     The Rice Creek Pool reservoir dolomite has character consistent with that of the classic Albion-Scipio hydrothermal dolomite type.  Well to well, pay sections are highly variable with regard to lithology and petrophysics; reservoir limits are irregular and abrupt.  There exists a distinct gas column, oil column, and oil/water contact, different from other Albion-Scipio pools. Some wells have exceptional porosity and permeability, occasionally resulting in loss of circulation.  The Rice Creek Pool has been developed on 40 acre spacing with 13 productive wells in the main body of the reservoir, and an additional 5 wells in what can be considered secondary slivers. New well and seismic data has allowed expansion of our structural model to include horsetail splay geometry at the northern terminus of the Albion-ScipioTrend.

The Relationship between Sulfide and Carbonate Mineralization and Cavernous Porosity Development in the Ordovician Galena Group Limestone (Trenton), Kane County, NE Illinois, USA

Jared T. Freiburg1,2, Bruce W. Fouke2, and Zakaria Lasemi1

1University of Illinois at Urbana-Champaign, Institute for Natural Resource Sustainability, Illinois State Geological Survey, Champaign, IL 61820, freiburg@isgs.illinois.edu, lasemi@isgs.illinois.edu

2University of Illinois at Urbana-Champaign, Department of Geology, Urbana, IL 61801, fouke@illinois.edu

    Tens-of-centimeter scale calcite crystals concentrically zoned with sulfide minerals and growing within meter-scale solution cavities along NW-trending fractures were recently discovered on the SW flank of the Michigan Basin in Kane County, NE Illinois in the Ordovician Galena Group limestone (Trenton).  These mineral deposits are a reflection of the temporal changes in chemical composition and the source of paleo-fluids migrating through the midcontinent.    On the basis of plane-light and cathodoluminescent petrography and scanning electron microscopy, a series of diagenetic events are identified within the cavities that consist of dissolution followed by dolomite, marcasite, pyrite, and calcite precipitation, and later hydrocarbon migration.  The paragenetic sequence, in conjunction with changes in isotopic (87Sr/86Sr) concentrations in calcite growth zones, reflects changes in the fluid chemistry and the source of the subsurface diagenetic waters.  This paragenetic sequence best reflects the paragenesis at the world famous Upper Mississippi Valley Zn-Pb mining District in NW Illinois, suggesting that migrating warm fluids were widespread throughout northern Illinois, resulting in the formation of massive solution cavities, dolomitization, and the subsequent deposition of Mississippi Valley-type minerals.  However, the geographic location and fracture focused dissolution followed by dolomitization reflect similar processes forming the productive Albion Scipio hydrocarbon reservoirs in the Michigan Basin.  This suggests that similar reservoirs may also occur in the Galena Group in the Illinois Basin oil fields.  This study presents a means for predicting regional subsurface paleo-fluid flow and thus provides a more accurate model for economic mineral and hydrocarbon exploration.

Stratigraphy and Reservoir Characterization of the Blue Monday Sandstone, Central West Virginia

Megan E. Ganak, Donald W. Neal

East Carolina University, Department of Geological Sciences, Greenville, NC 27858, ganakm08@students.ecu.edu; neald@ecu.edu

     The Late Mississippian (Chesterian) Blue Monday Sandstone (BMS) is a stratigraphic unit that can be recognized in gas fields of central West Virginia. Its outcrop equivalent is the Webster Springs Sandstone.  It is one of the most important unmapped stratigraphic layers in West Virginia.  It is underlain by the Lillydale (Pencil Cave) Shale and Greenbrier Group (Big Lime), and overlain by the Reynolds Limestone (Little Lime) member of the Bluefield Formation, Mauch Chunk Group.  The BMS historically has produced gas in seventeen counties in central West Virginia.  The BMS has been an important gas producing stratigraphic unit, yet little is known about its geology.  The volume of gas produced from this unit is unknown because of commingled production.

     Well logs were used to correlate the strata in gas producing and non-producing wells in Braxton, Clay, Nicholas, and Webster counties, as well as the surrounding counties of Calhoun, Fayette, Gilmer, Kanawha, Lewis, Randolph, Roane, and Upshur in West Virginia.  Log porosity in the BMS ranges from one to twenty percent.  The Big Lime encompasses a series of ten cyclic sequences, with the top being a sequence boundary.  The next sequence boundary is at the base of the Little Lime. In between, the BMS and surrounding shale strata make up a lowstand/regressive coastal sequence.

Pore structure analysis of Eau Claire Formation (Cambrian) and its potential for CO2 storage seal

Ling Gao1, John A. Rupp2, Maria Mastalerz2, and Richard W. Lahann2
1Indiana University, Department of Geological Sciences, Bloomington, IN 47405, lingao@indiana.edu 

2Indiana Geological Survey, Bloomington, IN 47405-2208, rupp@indiana.edu; mmastale@indiana.edu; rlahann@indiana.edu 

     Among the petrologic and petrophysical elements of siliciclastic reservoirs, pore system characterization is critical for CO2 storage because it influences gas capacity, as well as the flow behaviors of all other fluids in the rock. Since the Eau Claire Formation is considered to be the primary seal for the potential CO2 storage reservoir above the Mount Simon Sandstone, the mesopore (2-50 nm) and micropore (<2 nm) geometry (size, shape, and surface area) characteristics of 9 samples from the Eau Claire Formation in Indiana were analyzed to: 1) study the storage mechanisms (pore filling vs. adsorption) of gases in pores; 2) determine the relationship between capillary entry pressure and the different pore size distribution; 3) identify the link between pore-size distribution related volume (meso- and microporosity) and bulk porosity; and 4) evaluate the pore structure of these particular rocks relative to their ability to transmit fluid.

     The N2 BET surface area, CO2 D-R surface area, and micropore volume were measured by low pressure (<10.13 kPa) adsorption analyses using a Micromeritics ASAP 2020 apparatus. Our initial results show that there are no direct relationships between the meso-, micro-porosity, and bulk porosity, which suggest that macro pores (not accounted for in mesopore and micropore analysis) contribute the most to the bulk porosity. Low-pressure D-R CO2 isotherms yield micropore volumes that positively correlate with TOC. Nitrogen surface areas are covariant with CO2 micropore volume suggesting that high-sorbing samples are both micro- and mesoporous. Since clay might also be a contributor for porosity, especially for microporosity, the mineral matter content and composition will be subsequently evaluated. The clay-rich shale sample shows the largest BET surface area and micropore volume, indicating its high potential of adsorbing/holding CO2 gas in the rock, suggesting that these rocks are good candidates to act as the seal for CO2 storage. 

Characterization of Compartmentalized Reservoirs for EOR Pilots within the Illinois Basin

John Grube, James R. Damico, Beverly Seyler, Scott M. Frailey, Vineeth Madhavan and Nathan Webb

Illinois State Geological Survey, Institute of Natural Resource Sustainability, University of Illinois, Champaign, IL, 61820, grube@isgs.illinois.edu

     Within the Illinois Basin, most of the oilfields are mature and have been extensively water-flooded. In order to maximize oil production from these fields, new recovery techniques need to be researched and applied. The Illinois State Geological Survey has been working with the Department of Energy to conduct research on multiple types of Enhanced Oil Recovery (EOR) projects. Two CO2 injection projects are ongoing, one in at Sugar Creek Field in Kentucky and another in Mumford Hills Field in Indiana. A third EOR project using alkaline surfactant polymer (ASP) has been established in Lawrence Field in Illinois.

     Reservoirs within the Illinois basin are frequently characterized as being highly compartmentalized resulting in multiple flow unit configurations. In order to characterize such complex systems, the survey has developed a strategy to utilize a conceptual geologic model to guide the construction of a numerical model of the reservoir architecture to be used later for reservoir simulation. The process combines traditional methods along with geostatistical methods. One of the major challenges encountered in the course of the projects was a lack in quality permeability and porosity data. As a solution, a method to transform spontaneous potential data to permeability and porosity values was developed. The reservoir was then characterized using geostatistics based on the synthetic log data. The statistical results were used to constrain a simulator to produce multiple realizations of the architecture. 

     In addition to the modeling process, an overview of the geologic characteristics of compartmentalized reservoirs of the three projects will be presented. Initial results of the projects, as they are assessed and become available, will be presented as well. 

Structure and Geochemistry of a Cambro-Ordovician 360m Core from Saratoga Springs Region, New York State: Implications for Tectonics, Gas Exploration, and CO2 Sequestration
Stacey L. Hanson1 , Robert D. Jacobi2 , Charles E. Mitchell3 
1 Norse Energy Corp., Buffalo, NY 14219 and University at Buffalo, Buffalo, NY 14226, Shanson2@buffalo.edu

2 Norse Energy Corp., Buffalo, NY 14219 and University at Buffalo, Buffalo, NY 14226, RJacobi@norseenergy.com
3 University at Buffalo, Buffalo, NY 14226, Cem@buffalo.edu

     The Ordovician section in the Mohawk Valley has served as a model for Taconic plate tectonics, for Trenton-Black River gas production, and now for Utica black shale gas production. We conducted a detailed fracture analysis on a 635m (2084ft) unoriented core (75-NY-2, Charlton, NY; housed at NYS Museum) that penetrates the Cambro-Ordovician section from Schenectady Formation down to Grenville basement. Detailed analysis of kinematic indicators (e.g., calcite-filled rhombochasms, slickensides, vein offsets) provides structural guidelines for future gas production from the Utica Shale, and constraints on timing of fluid migration and faulting. 

     We measured 455 vein-filled fracture/faults in the core, including horizontal (0-100), shallow dipping (100 to 450), and steeply dipping (>450) vein-filled fractures, as well as vein-filled normal and thrust faults. In contrast to the Utica, the Schenectady and Frankfort formations are highly fractured and exhibit discrete deformed zones at 67m and 132m bgs (Schenectady Fm.,) and at 156m, 162m, and 171m bgs. (Frankfort Fm.)  These zones have 94 slickensided/fiber calcite surfaces coated with anthraxolite; the upper 3 zones include soft-sediment deformation and scaly cleavage. The deformed intervals are mid Katian (late Caradocian) in age (~452-450Ma). Stable isotope 13C and 18O from 18 samples indicate two groups of veins. The core experienced migration of both Taconic wedge fluids (typical of the thrust veins in the core) and hydrothermal Mohawk Valley/Finger Lakes Trenton-Black River fluids. The soft sediment deformation, scaly cleavage, and localization of fractures in soft sediment deformation zones suggest these deformation zones were dewatered during late Taconic deformation.

Reservoir potential of calcarenaceous sandstones in a carbonate and evaporitic tidal flat sequence: Silurian Tonoloway Formation, Highland County, Virginia

John T. Haynes1, Sharon E. Porter1, Philip C. Lucas2, Richard A. Lambert3, Tim Rose4, Stephen A. Leslie1, and Steven J. Whitmeyer1
1James Madison University, Dept. of Geology & Environmental Science, Memorial Hall MSC 6903, Harrisonburg, VA 22807, haynesjx@jmu.edu, lesliesa@jmu.edu, whitmesj@jmu.edu, porte2se@jmu.edu

2Virginia Speleological Survey, Virginia Speleological Survey, 587 Limestone Lane, Burnsville, VA 24487, lucas@virginiacaves.org

3Virginia Speleological Survey, P.O. Box 151, Monterey, VA 24456, caves@htcnet.org
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     Stratigraphic and petrographic study of 12 well exposed partial and complete sections of the Silurian (Cayugan) Tonoloway Formation show that it is a much more heterogeneous unit than previously reported.  Up to seven (7) sandstones occur in the lower and upper members of the Tonoloway, and a breccia layer formed from dissolution and collapse of evaporites and subsequent partial replacement by calcite occurs in the upper member.  The sandstones are quartz arenites, and several are calcarenaceous, with whole and fragmental echinoderms, bryozoans, and brachiopods present in varying abundance.  Early cementation of these effectively prevented later porosity reduction by quartz overgrowths.  Dissolution of this bioclastic debris has led to increased porosity and permeability in several of the sandstones.  

     Three of the sandstones outcrop along the northwest limb of the Wills Mountain anticline in the westernmost surface exposures of Silurian strata on the east side of the Appalachian basin. If these sandstones extend into the subsurface, as appears likely, they are potential hydrocarbon reservoirs in the subsurface Appalachian basin.  Potential seals are evaporite tongues of the Salina Formation, the Tonoloway equivalent of the western Appalachian basin.  In March 2010 we identified brecciated evaporitic sediment with pseudomorphs of gypsum rosettes and “chicken-wire” anhydrite textures in two separate outcrops of the upper member of the Tonoloway.  Thus, there is stratigraphic overlap of potential reservoir facies and potential evaporite seals.  Possible source rocks include black shales in the McKenzie and Tuscarora Formations in these same exposures along the northwest limb of the Wills Mountain anticline.

Evaluation of the Effectiveness of Using Gravity and Magnetic Data to Define 3-D Seismic Survey Areas for Fault Related Hydrothermal Dolomite Reservoir Identification

Alan W. Hinks1, Robert L. Schulz2, and Eric R. Johnson3
1Westshore Consulting, Muskegon, Michigan, 49444, ahinks@westshoreconsulting.com 

2Westshore Consulting, Muskegon, Michigan, 49444, bschulz@westshoreconsulting.com 

3Westshore Consulting, Muskegon, Michigan, 49444, ejohnson@westshoreconsulting.com 

     Basement faults are reactivated through geologic time and often influence the position of faulting in overlying strata.  Basement faults reactivated in a strike-slip sense cause strike-slip and wrench faults in overlying strata.  Strike-slip and wrench faults are excellent conduits for hydrothermal fluids, and the formation of dolomite, especially at dilatational bends, at the end of faults, and at fault intersections.  It appears that fault related hydrothermal dolomite reservoirs (FRHDRs) can be found in many ancient carbonate margins and platforms, suggesting the extent of these reservoirs is broad.  

     3-D seismic is an effective method to locate FRHDRs.  Magnetic data is often used to map basement faults and gravity data is often used to map basement, and shallower faults.  Some geoscientists have suggested it makes sense to define the general location of basement and shallower faults with relatively inexpensive gravity and magnetic data in order to minimize the acquisition of expensive 3-D seismic data.  While this approach appears to make sense, little evidence has been presented documenting the success of the method.  This study utilizes gravity/magnetic modeling and public domain gravity and magnetic data subjected to various processing and enhancement techniques to determine whether discernible gravity and magnetic anomalies are associated with known FRHDRs.

     The results of the study show that in a significant number of cases where data quality is adequate, gravity and/or magnetic data can be used to locate the general position of FRHDRs.  The data requirements and methodology needed to assure best results is also discussed. 

Structural Anomalies in Black Shales of the Northern Appalachian Basin of New York State
Robert D. Jacobi1, Al Leaver2, Stu Loewenstein3, Jodi Fisher4, Gerald Smith5 
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3Norse Energy Corp., Buffalo, NY 14219, StuLoewenstein@norseenergy.com
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     The framework for regional fracture sets in black shales of the northern Appalachian Basin has been well-established (e.g., Engelder, Lash). Over 100,000 fractures and other structural features identified in outcrop, well logs, and seismic reflection data demonstrate significant local variations in structural elements including fracture spacing and orientation (for a given lithology, bed/interbed thickness, TOC content/height above the base of the black shale). Many of these structural anomalies were influenced by local stress deviations associated with through-going fault systems that were episodically reactivated, such as reactivated intra-Grenvillian sutures and Iapetan-opening faults, and by Alleghanian thrust ramps off decollement in the Salina salt section. 

Examples of the local variability include duplexing in the Union Springs Marcellus black shale outcrops in eastern NYS that indicate multiply oriented SH directions over short distances, consistent with local fault control and/or multiple phases. FMI logs show that the Marcellus at depth has, locally, open fractures that are highly oblique to contemporary SH and are parallel to local faults and folds. Cores of the Marcellus show worked surfaces indicative of low angle faulting, and seismic/well log data indicate that thrust ramps through the Onondaga deform the lower Marcellus (Union Springs) in duplexes. In the Ordovician Utica black shale outcrops in eastern NYS, WNW-striking fracture frequency increases toward Taconic NNE-striking faults, related to a compressional event across the formerly extensional faults. Seismic data reveal numerous zones of faulted Utica, but several NNE-striking Taconic faults have very narrow footprints of damage zones and drag folds in outcrop. 

Carbon Dioxide Enhanced Oil Recovery Potential of the Central Devonian Michigan Basin
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     This paper is a general overview of carbon dioxide enhanced oil recovery (CO2-EOR) potential in Devonian reservoirs of the Dundee Limestone and Detroit River Group in the central Michigan Basin. Given the recent national and international interest in reducing CO2 emissions, there is considerable new research on the assessment of CO2 storage targets in geological media. In central Lower Michigan, only oil and natural gas bearing formations and deep saline reservoirs appear to have significant CO2 storage potential. CO2-EOR is especially attractive because of the potential for revenue generated by incremental oil production.

     Since the early 1920s, Michigan has produced more than 1.34 billion (B) barrels (bbl) of oil.  Currently, approximately 4,673 operating oil wells in Michigan produce an average of 22,667 bbls oil per day.  It is estimated that approximately 40 to 80 percent of the original oil-in-place (OOIP) has not been recovered, equating to approximately 1 B bbls of remaining oil in place (ROIP) in larger (> 1MM bbls OOIP) fields.  CO2-EOR is currently used in northern Michigan Niagaran Reef Trend using CO2 from natural gas treatment facilities in that area.  This source, along with CO2 captured at electric power generation or cement plants may provide additional sources for CO2-EOR in other areas of the Michigan Basin. This paper presents information on general CO2-EOR methodology, and an overview of prospective central Michigan Basin oilfields for CO2-EOR opportunities. This analysis was developed using CO2-EOR screening criteria including geologic conditions and available well field history, reservoir characteristics, and available CO2-EOR technological assessments and case histories.

Fully Miscible Micellar Acidizing Solvents vs. Xylene, The Better Paraffin Solution

Kristopher A. Kreh1, David W. Boswood2
1BJ Services Co., Gaylord, MI 49735, kris.kreh@bjservices.com

2BJ Services Co., Gaylord, MI 49735, dboswood@bjservices.com

     Organic deposits such as paraffin have long been an issue in many oil producing wells throughout the world.  These deposits have been treated for years with some sort of solvent chemical such as Xylene.  While Xylene is quite effective at dissolving and removing paraffin, it is not easily miscible in most acid treatments and it is extremely flammable.  These two issues together make Xylene a dangerous choice for paraffin removal.  

     Fully miscible micellar acidizing solvents can offer a safer more effective solution.  These micellar acidizing solvents are less flammable, offer solubilization of heavy hydrocarbons, reduce surface tension to remove water blocks, water wet formation matrix and are fully miscible in acid systems.  Along with other benefits, the ability to be fully miscible when mixing them with acid systems, results in less volume of micellar acidizing solvents needed.  

     This paper will take a detailed look at what causes paraffin deposition and will explain how xylene and fully miscible micellar acidizing solvents dissolve paraffin deposits.  It will also compare the benefits and challenges associated with each system.  Case study and lab test data will be presented comparing both systems and the economics of both systems will be discussed.

Sea Level and Diagenetic Controls on Dolomite Reservoir Compartmentalization: Evidence from the Niagaran Racine Formation of the Sangamon Arch, West-Central Illinois
Yaghoob Lasemi
Oil and Gas Section, Illinois State Geological Survey, Institute of Natural Resource Sustainability, University of Illinois at Urbana Champaign, Champaign, IL 61820 ylasemi@isgs.illinois.edu
     Several prolific dolomite petroleum reservoirs occur in the upper part of the Racine Formation (Silurian) in the southeastern part of the Sangamon Arch. The reservoirs are characterized by a porous dolomitized lime mudstone to grainstone and reef/reef rudstone facies. The reservoir rocks contain partially dolomitized echinoderm fragments and molds of crinoids, brachiopods and corals, suggesting deposition in a normal shallow marine environment. The dolomite reservoirs are generally interlayered with laterally extensive, impermeable limestone beds displaying cyclic reservoir- non-reservoir packages. They formed during sea level highstand and constitute the upper parts of 4th- to 5th-order transgressive-regressive cycles, suggesting sea level fluctuations and percolating seawater as the primary controls for early dolomitization of the compartmentalized Silurian reservoirs.

     Dolomitization was probably caused by reflux of normal to slightly evaporated sea water in an inner ramp setting. The initial porous ramp margin and the adjacent open marine facies acted as conduits for the dolomitizing fluid. Dolomitization took place mainly during the regressive phase of a depositional cycle when vast quantities of sea water could have circulated through sediments over a long period, thus, overcoming the kinetic barriers to dolomitization. This interpretation is supported by: (1) gradual loss of porosity laterally; (2) the sharp upper contacts and gradational lower contacts of the reservoir bodies, and (3) resistance of the early-formed dolomite to chemical compaction during burial diagenesis, thus preserving the early original porosity. Reservoir porosity enhancement also occurred during prolonged subaerial exposure at the sequence boundaries. This proposed dolomitization model, tied to sea level fluctuations and paleoenvironments, provides an important predictive tool for petroleum exploration. 

Hydrocarbon Potential of the Silurian and Lower Devonian Biohermal Dolomite in East-Central Illinois
Zakaria Lasemi, Zohreh Askari Khorasgani, and Donald G. Mikulic
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     The Silurian and Lower Devonian carbonates in east-central Illinois contain porous and permeable biohermal dolomite and associated facies that exhibit significant oil shows. The Silurian biohermal facies consists of a massive, porous and fossiliferous dolomite that is capped by a highly porous, heavily oil-stained, pale brown fossiliferous dolomite. The biohermal facies typically is a light gray, pure, very finely crystalline dolomite that contains some fossil-moldic porosity, and is primarily comprised of bryozoans and crinozoans. It occurs just above the deeper water, argillaceous dolomite facies of the Moccasin Springs Formation and was probably initiated as mud mounds that were populated by bryozoans and crinozoans. Another biohermal dolomite with significant oil show occurs within the Lower Devonian carbonates, which underlies the Grand Tower Formation tidal flat facies in the area and uncomformably overlies the Silurian succession. This Lower Devonian biohermal unit ranges between 5 and 45 feet in thickness; it is very vuggy with abundant fossil-moldic porosity. Recognizable fossils include large rugose corals, stromataporoids, brachiopods, and echinoderm fragments. The unit is lenticular and grades laterally into a dense, bluish gray, slightly argillaceous dolomite. Detailed subsurface examination indicates that both the Silurian and Lower Devonian biohermal units and associated facies could be potential new targets for hydrocarbon exploration in east-central Illinois. Further work is underway to determine the distribution of these bioherms and their relationship to other important hydrocarbon reservoirs, such as the overlying productive Middle Devonian Geneva Dolomite.  

Sequence stratigraphy and its bearing on reservoir characteristics of shale successions – examples from the Appalachian Basin

Gary G. Lash1 and Randy Blood2
1Dept. of Geosciences, SUNY Fredonia, Fredonia, NY 14063, Lash@fredonia.edu

2Randy Blood, EQT Production, Pittsburgh, PA 15222, RBlood@eqt.com 

     Variations of gas reservoir properties, many of which reflect the physical and chemical nature of the depositional environments of the reservoir rocks, can be linked to base level fluctuations.  The resulting sequence stratigraphic framework, then, can be extrapolated into regions of minimal data control.  Our sequence stratigraphic paradigm is based on the transgressive-regressive (T-R) sequence concept.  A single T-R sequence comprises transgressive systems tract (TST) deposits overlain by a regressive systems tract (RST) succession, the contact being a maximum flooding surface (MFS), and is bounded on top and bottom by maximum regressive surfaces.  Ongoing studies of the Devonian shale succession of the Appalachian basin reveal that such parameters as mineralogy and microfabric vary predictably within the T-R sequence stratigraphic framework.  A general increase in silica, much of which is diagenetic, and reduction of clay upward through the TST reflects the rapid landward migration of the shoreline.  Early precipitation of silica cement preserves porosity and inhibits the development of a planar clay grain microfabric.  TST deposits are commonly pyritiferous and organic-rich; indeed, TOC and pyrite content are maximum close to the MFS.  Increasing thermal maturity of these deposits is accompanied by increasing porosity (principally nanoporosity) as a consequence of the transformation of kerogen.  Under some conditions, bacterial reworking of organic-rich sediment deposited during transgression, especially proximal to the base level maximum, results in suppression of vitrinite reflectance.  Accumulation of RST deposits is marked by increasing terrigenous sediment flux (clay and detrital quartz) and concomitant dilution of the organic contribution.  This favors the more widespread development of a strongly planar clay-grain microfabric disrupted only by discrete laminae of detrital quartz or isolated grains.  The base level minimum is defined by minimal TOC and local carbonate horizons.  The predictive capabilities inherent to sequence stratigraphy make it especially applicable to exploration programs of seemingly homogenous shale successions.   

Black Shale Diagenesis: Preliminary Insights from Integrated High-Definition Analyses of Post-Mature Marcellus Formation Rocks, Northeastern Pennsylvania

Christopher D. Laughrey1, Herman Lemmens2, Tim E. Ruble3, Alan R. Butcher4, Greg Walker3, Jaime Kostelnik5, and Wayne Knowles3
1Weatherford Labs, Golden, CO 80403, Christopher.laughrey@weatherfordlabs.com 2FEI Company, Eindhoven, The Netherlands, herman.lemmens@fei.com     3Weatherford International Ltd. Houston, TX 77086, tim.ruble@weatherfordlabs.com 4FEI Company, Brisbane, Queensland, Australia, alan.butcher@fei.com  5Pennsylavania Geological Survey, Pittsburgh, PA 15222, jkostelnik@statew.pa.us

     Thermogenic shale-gas produced from the Marcellus Formation in northeastern Pennsylvania is post-mature. The reservoirs reached maximum burial temperatures characteristic of prehnite facies low-grade metamorphism. Although methane can be generated and remain stable under these conditions, this degree of burial diagenesis raises critical questions regarding metagenesis and reservoir quality. Late diagenesis implicates compaction, cementation, redox reactions involving formation fluids and transition metals, water loss, and dissolution/re-precipitation processes that may enhance or diminish reservoir potential.
                                                                             

     Using a suite of high-resolution analytical techniques, we examined selected core samples from Sullivan County, Pennsylvania to characterize the reservoir and develop a diagenetic history of the Marcellus Formation in the region. The organic-rich intervals in these samples comprise mostly quartz, illite, and calcite. Quartz occurs as detrital silt, authigenic overgrowths, cryptocrystalline replacement of allochems, pore-filling microquartz and megaquartz, and patchy sheets of silica platelets. Illite occurs as crenulated detrital platelets and authigenic clay. The mean illite crystallite thickness is 211 Å and the average Kübler index is 0.428 confirming the shales reached the low anchizone prehnite-pumpellyte metamorphic facies. Calcite occurs as crystalline spar replacing allochems and filling fossil molds, as crystals dispersed in clay and organic matrix, and as discontinuous parallel laminations of microspar. Anhydrite occurs along with calcite in these laminations. Additional minerals include plagioclase, illite-smectite, chlorite, pyrite, and, remarkably, graphite. Whole pattern fitting and Reitveld refinement quantify the abundance of graphite. 

     TOC ranges from 0.6 to 11 wt. percent. The original kerogen was mostly Type II. Microscopy and 3D modeling show that pyrobitumen comprises a significant volume of the rocks. High-temperature pyrolysis of whole-rock samples, however, showed no response in the 600˚ to 800˚C region of the pyrogram where pyrobitumen is typically detected. We suspect that the pyrobitumen was undetectable by the FID due to its highly aromatized graphitic nature. Most porosity in the Marcellus is associated with this graphitic pyrobitumen. 

     Early diagenesis of Marcellus sediments involved mechanical compaction and dewatering of muds during burial to approximately 500 m. Chemical compaction at greater burial depths was dominated by quartz cementation and clay mineral transformations. Organic porosity developed during late catagenesis and continued on into metagenesis at depths greater than 8 km where storage capacity continued to evolve within a graphitic pyrobitumen matrix. These observations extend the potential for thermogenic shale-gas production into the metamorphic realm.      

Carbon Sequestration Project Workflows to Reduce Geologic Risk

Hannes E. Leetaru
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     Costs for building a new carbon capture-ready coal fired power plant can cost in the billions of dollars which is similar to the cost of offshore platforms used in the extraction of hydrocarbons.  This high cost suggests that a potential CCS project would benefit from similar geologic characterization workflows as those used by the hydrocarbon industry in offshore settings.  These types of workflows are designed to reduce the geologic uncertainty of a project and therefore decrease the corresponding project risk.  The general workflow for a sequestration project should include basin analysis, site (prospect) selection, site delineation, site development, and monitoring of the CO2 plume.  The Mt. Simon Sandstone in the Illinois Basin is used to show the geologic workflow in site selection for CCS projects.  

     Basin analysis was used to locate areas where the formation was too deep or too thin because of Precambrian topography.  Site selection using regional well control and 2D seismic was used to evaluate faulting and seal continuity.  The delineation phase of the project begins with drilling the exploratory well, acquisition of 3D seismic and drilling of verification or monitoring wells to understand reservoir compartmentalization and complexities.  Reservoir compartmentalization such as those found in the Mt. Simon braided-river depositional system make prediction of the areal extent of the CO2 plume difficult and complicates the acquisition of pore space rights.  During the development and injection phases additional wells may be drilled as monitoring wells and 4D seismic are used to monitor plume migration. 

Tectonic Thermal Effects on Basin Evolution in Hawke’s Bay, New Zealand

Matthew J. Legg1, Kevin P. Furlong1, Peter J.J. Kamp2
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     As part of an active plate boundary throughout the Neogene, the thermal evolution of the East Coast Basin along the Hikurangi margin reflects the transition from tectonic extension to convergence. Using the stratigraphic (burial/exhumation) history of the region as recorded in the Oputouma-1 well in conjunction with Apatite Fission Track (AFT) ages and track length distributions, and vitrinite reflection (Ro) results from well samples, we have assessed the thermal history of the basin incorporating improved models of plate motions, and the thermal effects of plate boundary evolution (e.g. heat flow effects of extension, subduction emplacement, thrusting).  We have used a time-dependent numerical (Finite-difference) thermal modelling approach that explicitly includes effects of crustal heat production distributions, variable thermal properties with changes in lithology, burial and exhumation, regional extension prior to 30 Ma, and the effects of subduction emplacement and ongoing subduction from 25 Ma - present. The vertical section comprised of well samples extending more than 3.5 km below the surface provides substantial constraints on the range of viable tectonic and thermal histories for the basin.

     Model results indicate the following: (1) Once subduction begins beneath the Hawke’s Bay region, AFT ages and Ro values are essentially locked in. Modelling results place the timing of the start of subduction at ~ 25 Ma. (2) The level of organic maturation indicated by the Ro values in conjunction with AFT ages and track lengths requires a relatively high heat flow regime during the Eocene-Oligocene, consistent with plate tectonic results indicated that New Zealand was undergoing extension during that time. (3) Much of the Miocene to present stratigraphic history of the basin plays little role in driving further maturation of potential source rocks as the thermal regime remains cool as a result of continued subduction. Our thermal models indicate that virtually any organic maturation and hydrocarbon production would occur prior to the ca. 25 Ma initiation of subduction, raising the question of whether appropriate reservoir structures and seals existed at that time.

An in-depth Study of the Beaver Meadow and 74-NY-5 Cores from the Ordovician Utica and Devonian Marcellus Shales, New York State

James R. Leone1,  Langhorne (Taury) Smith2 
1New York State Museum, Albany, NY 12230, JLeone@mail.nysed.gov
2New York State Museum,  Albany, NY 12230, LSmith@mail.nysed.gov
    Detailed analysis of Utica and Marcellus cores in New York show that net pay that does not include interbedded limestones should probably be calculated for these shales. We are currently conducting analysis including TOC and carbonate content from core, well cuttings, and outcrops in the Devonian Marcellus and Ordovician Utica Shale across New York State. The focus is on the latest data from detailed core and outcrop analysis. The goal of the research is to characterize and identify zones that may have the greatest potential for production.   This poster is focused on two cores that we have analyzed bed-by-bed for TOC and carbonate content.

     The Marcellus Sub-group in the Beaver Meadows core consists of The Union Springs Formation, which is a black shale with interbedded limestones and carbonate nodules, the Cherry Valley Limestone and the Oatka Creek Shale which has few limestone beds and is generally more clay and silica rich.  The Marcellus grades up into gray shale above and also gets less organic-rich in the far eastern part of the basin.  The organic-rich section that is considered the play ranges from a few feet in the far western part of the state to more than 300 feet thick in the southeastern part of the state.  TOC values are highest in the Union Springs black shale (commonly as high as 10-12%), but are very low in the interbedded limestone beds and nodules (<1%).  The Cherry valley limestone has very low TOC values of less than 1% despite having a dark color. The Oatka Creek black shale is relatively high in TOC at the base (up to 5% TOC) but progressively lower up section.   

     The Utica Shale in the 74-NY5 core from near the outcrop belt in the Mohawk Valley consists of Flat Creek Shale, which is an organic- and carbonate rich interval that is time-equivalent to the Trenton Limestone, the Dolgeville Formation which is an interbedded limestone and black shale unti that is also equivalent to the Trenton and the Indian Castle Shale, which is carbonate rich at the base and clay-rich at the top that may be time-equivalent to uppermost Trenton or postdate it completely.  There is more than 500 feet of strata with TOC greater than 1% in these formations.  The highest values are in the lowermost Flat Creek shale and in the Indian Castle. Limestone interbeds generally have very low TOC of <1%. . 

Geologic Evaluation of the Newburg Sandstone as a CO2 Sequestration Target

J. Eric Lewis1 and Timothy R. Carr2
1West Virginia Geological and Economic Survey, Morgantown, WV 26508-8079, elewis@geosrv.wvnet.edu
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     The West Virginia Division of Energy is currently in phase II of an evaluation of several deep saline formations in the Appalachian Basin of West Virginia that may be potential CO2 sequestration targets.  Phase II focuses on the storage capacity of selected zones including the Oriskany, Tuscarora and Newburg sandstones.  The Silurian Newburg sandstone is present across central WV and separates the Salina evaporites from the Lockport Dolomite.  As a high energy marine deposit, most of the hydrocarbon fields in the Newburg saline formation are combination structural/stratigraphic traps separated by down-dip salt water contacts or dry holes.  The Newburg is uncharacteristically over-pressured compared to most gas fields in the basin.  Six to seven years appears to be the average life span of Newburg wells which suggests well-developed porosity and permeability, especially in the pay zone, which is in the upper 3-10 feet of the interval.  Due to the large number of CO2 point sources in the region and the obvious reservoir properties of the unit, a serious evaluation of the Newburg Sandstone will serve to expand our knowledge about potential for sequestering CO2.

Shale Gas in Quebec’s Sedimentary Basins

Jean-Sebastien Marcil1, Peter K. Dorrins1, Jeremie Lavoie1, and Jean-Yves Lavoie1
1Junex inc., Quebec-City, QC, Canada G1V 4M7, js_marcil@junex.ca


     Keen interest for Shale Gas remains high in the Southern Quebec Lowlands.  During 2009 to 2010, fifteen shale gas wells were drilled in the basin.  The calcareous and organic-rich Middle Ordovician Utica Shale is the main target of this recent exploration effort.  To date, most operations have been performed in the medium to deep depth thermogenic Shale gas play (1,000-2,000 meters), located in the central part of the Saint Lawrence Lowlands.  With OGIP estimates ranging from 75 to 300 Bcf per section, the deep play is definitely considered to be promising.  Publicly-released information from the different tested areas in the basin expressed a potential gas-in-place over 200 Tcf (OGIP).  After drilling exploration wells in order to delineate a “sweet spot”, companies have now focuses their effort on determining the highest gas prone unit within the Utica.   Discussions concerning pilot-test projects are also beginning.

     While testing the deep shale potential, JUNEX also evaluating the potential of the other shale gas plays.  Only over the last two years, Junex started the evaluation of gas potential in three other shales:  1) Shallow to medium depth thermogenic Shale gas; 2) Overthrusted Shale gas; 3) Intra-Appalachians sub-basin Shale gas. 

     The three plays will be described based upon the data available regarding the basin geology, shale mineralogy, organic matter type, gas geochemistry, structural style and infrastructure access.  The characteristics of the plays, from a geological, geochemical, structural and geophysical perspective, will be reviewed. 

     In addition of the acquisition of a large geoscience database, new exploration efforts undertaken by JUNEX include:

· Exploration well in the deep and shallow shale plays;

· Propane frac stimulation in the shallow shale play;

· Exploration in the new intra-Appalachian basin;

· Scheduled for summer 2010: two exploration wells in the overthrusted shale play.

Innovation and Regulation Can Coexist: New York’s Approach to Regulating Shale Gas Development

John P. Martin1 and Kathleen F. Sanford2
1 Energy Resources R&D, NYSERDA, Albany, NY, 12203-6399, jpm@nyserda.org 
2 Division of Mineral Resources, NYSDEC, Albany, NY, kfsanfor@gw.dec.state.ny.us

     Though New York's first gas well was drilled into shale, these reservoirs have contributed little to gas production in the state. Today, innovative drilling and completion methods make shale attractive. As with other industries, innovation has a tendency to race beyond the existing regulatory framework. The state’s approach is a combination of a statutory framework defining the structure of regulation and flexible permit conditions derived from the Generic Environmental Impact Statement (GEIS) for oil and gas development. The GEIS, completed in 1992, defines drilling conditions, operations and closure. The GEIS provides permit guidance and identifies areas where special conditions may be needed. For 15 years, this approach served the state well, allowing regulatory flexibility through general and site-specific permit conditions. However, the innovative drilling practices used in shale gas development caused state officials to consider whether the GEIS was adequate for such operations. In 2008, the state began work on a supplemental GEIS (sGEIS), a review of the impacts of large-scale shale operations. Many issues were identified in the sGEIS scope, including the design of horizontal drilling operations, air quality impacts, water sources and use, chemical additives, multiwell pads and cumulative impacts. Through work supported by NYSDEC and NYSERDA, potential impacts of these drilling operations and mitigation measures that could be included in permit conditions were examined. The sGEIS is one of the most comprehensive reviews undertaken to examine modern drilling methods, balancing the need to steward the use of the state’s resources with the need to protect the environment. 
Constraints on the origin and volume of gas in the New Albany Shale (Devonian – Mississippian), eastern Illinois basin
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     This study investigates kerogen petrography, gas desorption, geochemistry, and micro- and mesoporosity of the New Albany Shale (Devonian-Mississippian) in the eastern part of the Illinois basin. Core analysis from two locations, one in Owen County, Indiana and one in Pike County, Indiana was conducted. The volumes of gas in the locations studied are primarily dependent on total organic carbon (TOC) content and the micropore volume of the shales. Gas origins were assessed using stable isotope geochemistry, whereas maturity assessments utilized both measured and modeled Ro values. Different depths of burial and formation water salinities are likely responsible for dominant origins of the gas in the two locations studied. The shallower Owen County location (415 to 433 m deep) contains significant microbial methane, whereas the Pike County location (832 to 860 m deep) is characterized exclusively by thermogenic gas. Despite differences in the gas origins, the total gas in both locations is similar, reaching up to 2.2 cm3/g (70 scf/ton). The lower thermogenic gas content at the shallower location (probably because of the lower thermal maturity and possibly higher loss of gas related to uplift and leakage via relaxed fractures) is compensated by additional generation of microbial methane most probably stimulated by influx of glacial meltwater causing both brine dilution and microbial inoculation. The characteristics of the shale of the Maquoketa Group (Ordovician) in the Pike County location indicate that the controls on the gas volumes are similar to those in the New Albany Shale.

The Origin of Natural  Fractures in the  Antrim Shale, Michigan

Murray M. Matson
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     The Antrim Shale of the Michigan Basin is a black organic shale that was deposited in the Late Devonian. The Antrim is the primary unconventional gas target in Michigan and is ranked number thirteen in term of gas volume in the United States. The shale produces from a depth ranging from 300 to 1800 feet in an area of northern Michigan where the Antrim is naturally fractured. The natural gas produced is believed to be biogenic in origin, formed by the influx of fresh water bacteria into the organically rich shale. Fresh waters most likely enter the Antrim outcrop, located immediately north of production, during time of glaciation. Numerous studies have concentrated on the source and generation of natural gas in the Antrim but no theory has adequately explained the localized presents of natural fractures. 

     The Antrim Shale is present though out most of the Michigan Basin. Extensive drilling in all areas of the Basin has proven that only a several county area of northern Michigan was naturally fractured enough to sustain gas production. Currently the most accepted theories for this localized fracturing are (1) Paleozoic Tectonics related to the Mid-Continent Rift or Grenville Front (2) post glaciation rebound (3) hydraulic pumping and (4) frost wedging. The first two of the theories (1 & 2) fail to explain the fractures localization since most of the Michigan Basin has been tectonically active and covered by thick glacial ice. The other two theories (3&4) do not define a mechanism for propagating the fractures over 30 miles south from the Antrim subcrop. 

                 Depositional models and cross sections indicate that localized Antrim fracturing in northern Michigan is the result of extensive leaching of the Detroit River Salt below the Antrim. Fresh waters, introduced during Pleistocene glaciation have dissolved the upper Detroit River salts over a four county area resulting in collapse of the overlying beds. The more brittle shales such as the Norwood and Lachine Members of the Antrim were more intensely fractured during the collapse. Natural fractures have been enhanced by structural flexures but the primary fractures result from collapse. County wide A1 Salt dissolution in SW Michigan is an example of this process. 

Reservoir Definition of the Northern Portion of Albion Scipio Field, Michigan

Murray M. Matson

West Bay Exploration Co., Senior Geologist, Traverse City, Mi  49684  murray@wbeco.net

     Recent drilling and evaluation of the Trenton- Black River Formation at the north end of the Albion Scipio Field in Michigan has resulted in a 90% completion success. The drilling of over 30 well in the past two years and a detailed study of older wells in the Albion Scipio Field has defined an exploration model which explains reservoir characteristics such as shape, compartmentalization, and fluid flow. Strike slip faulting which produces a “Y” shaped reverse flower structure is key to reservoir development. Hydrothermal waters moving up from the basement through the fractures created by the strike slip faults dolomitize the regional Trenton-Black River limestone resulting in narrow linear reservoirs. The dynamics of the longer continuous underlying strike slip faulting migrating upward into a “Y” shaped narrow graben is fundamental in the formation of isolated compartments in the overlying Trenton Formation.

     Albion Scipio Field has a dip of over 1000 feet from the north end of the reservoir in Lee Township, Calhoun County to the southern end in Adams Township, Hillsdale County. The twenty mile long portion of the field known as Albion Field is separated from the Scipio Field by the “Pulaski Break”. A study of Albion Field and information from recent drilling has defined a continuous reservoir in the Black River from the “Pulaski Break” to the southwest corner of Lee Township to the north. Due to regional dip only the southern updip portion of the Black River reservoir is oil filled, the rest being water filled. Strike slip fault mechanics and hydrothermal water flow has isolated the upper carbonate reservoir of the Trenton. The Trenton therefore overcomes regional dip and is oil productive. Production of oil in the Trenton is complicated by the highly vertically fractured, water filled Black River below. This has led to a variety of completion technique designed to minimize water coning. Those techniques include open hole completions, horizontal drilling, and dual water/oil tubing strings.

Application of Seismic Visualization to Carbon Sequestration Planning in the Illinois Basin

John H. McBride1, Hannes E. Leetaru2, and R. William Keach, II3
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     Planning for carbon sequestration must incorporate results from analyses of seismic reflection data integrated with available geological data.  For an area like the Illinois Basin (USA), deep structural discontinuities (e.g., due to possible faults and asymmetric folds) can have a subtle expression.  It is thus essential that data processing and visualization techniques be applied that can expose structural anomalies that are at or just below the seismic detection limit when using conventional data displays.  In this study, several techniques are examined that enhance the interpretation of the deep structure of oil fields and possible target sequestration sites in the Illinois Basin.  The techniques used include 3-D spectral decomposition and semblance, combined with other seismic attributes that reduce noise and preferentially display discontinuities.  We show that the coincident application of enhancement techniques to both 2-D and 3-D seismic data from the same geological feature emphasizes the value of tracing discontinuities within 3-D seismic attribute volumes as opposed to using single profiles. The results show that 3-D seismic analysis can identify discontinuities at or near the sealing horizon, whereas on conventional 2-D seismic profiles, these discontinuities are at best subtle and difficult or impossible to interpret.  This type of analysis can focus the attention on potential problem areas for sequestration; however, the seismic data analysis alone cannot determine if reflector discontinuities necessarily imply potential leakage but can decrease the uncertainty in evaluation.  

Sequence Stratigraphy and 3-D Reservoir Characterization of the South Buckeye Field, Dundee Formation (Devonian), Michigan Basin, USA

Shawn M. McCloskey1, and G. Michael Grammer2
1Michigan Geological Repository for Research and Education, Western Michigan University, Department of Geosciences, Kalamazoo, MI 49008, s4mcclos@wmich.edu
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    Middle Devonian Dundee carbonates are prolific hydrocarbon reservoirs throughout the Michigan Basin that have produced in excess of 375 million barrels of oil from more than 100 fields. The South Buckeye field is driven by dynamic processes that vary in time and space at nearly all scales, from the pore network to the regional sequence stratigraphic architecture. Evaluation of the complex internal heterogeneities is accomplished by tying reservoir quality to primary facies and the application of geometrical data from modern and ancient depositional analogs. The South Buckeye field is a complex combination trap, both stratigraphic and structurally compartmentalized, where patch reefs preferentially grew on paleotopographic highs.

     The fundamental goals of this study are to define vertical stacking patterns of facies from detailed core descriptions within the constraints of relative sea level change, and to create a three-dimensional geostatistical model of the reservoir ground truthed by comparing initial production data at ten acre spacing. This is accomplished through the utilization of petrophysical and petrographic analyses from high density subsurface core data, to capture the complex internal architecture of the South Buckeye field. Integrating multiple types of data into a three-dimensional geostatistical reservoir model is critical for efficient hydrocarbon extraction, natural gas storage, and CO2 sequestration in the Michigan Basin Dundee and other similar carbonates around the world.

Reservoir Characterization and Lithostratigraphic Division of the Mount Simon Sandstone: Implications for Estimations of Geologic Sequestration Storage Capacity.

Cristian R. Medina1 and John A. Rupp2
1Indiana Geological Survey, Bloomington, IN 47405, crmedina@indiana.edu
2Indiana Geological Survey, Bloomington, IN 47405, rupp@indiana.edu 

     The Upper Cambrian Mount Simon Sandstone has significant potential for carbon sequestration in the Midwest region of the United States, but its internal stratigraphy remains poorly understood. Petrophysical heterogeneities controlled by the changes in lithologic character complicate the process of estimating the storage capacity of this reservoir. Gamma-ray logs from wells in the Midwest region were interpreted to define three subunits within the Mount Simon Sandstone. 1) An upper unit that has relatively high gamma-ray values (>75 API), owing to the admixture of argillaceous material. In northern Indiana, this upper unit can be further subdivided into an upper sand unit and a lower shale unit, which may serve as a secondary seal below argillaceous horizons in the overlying Eau Claire Formation (Cambrian). 2) A middle unit defined by lower gamma-ray values (<75 API) that result from a cleaner quartzose sandstone and potentially constitutes the main reservoir and flow unit within the formation. The gamma-ray values of this unit also display the lowest amount of vertical variability through the section. 3) A lowermost unit defined by gamma-ray values that progressively increase with depth to the base of the formation (>75 API). This downward increase is due to the increased nonquartz fraction in the formation as the top of the Precambrian basement is approached. Results from this new assessment of storage capacity that considers only the middle unit within the Mount Simon Sandstone are generally larger when compared with previous assessments, because improvements in geologic characterization allowed for use of higher values of the efficiency factor. 

Characteristics of the Utica Black Shale in NY and PA: Black Shale Blanket or Complex Facies Mosaic?

Charles E. Mitchell1, Robert D. Jacobi2, Melissa Roloson1, and Stacey Hanson2
1 Department of Geology, University at Buffalo, SUNY, 14260-3050, cem@buffalo.edu
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     Although the Late Ordovician Utica black shale appears to be a homogeneous unit in single outcrops and wells, local and regional variations controlled by both eustatic sea level change and fault block motion significantly influenced the local deposition. Therefore, it should not be surprising that TOC and other measures of importance for the gas industry vary across the region. 

     The Utica Shale is laterally equivalent to Black River and Trenton Groups within the northern Taconic Foreland Basin, but also oversteps them from east to west and invariably overlies them unconformably. Biostratigraphic and K-bentonite correlations demonstrate that this contact differs in age by the entire duration of the Trenton Group. Recent work in central and eastern NY State indicates that the overstep represents maximum flooding intervals in three depositional sequences. Dolgeville-like ribbon-limestone facies interfinger with the Utica within each of these overstepping sequences and east of Hoffmans Fault are isolated from the Trenton Group.  

     Regional structural control on accommodation space and organic productivity produced a discontinuous distribution of organic-rich condensed intervals within the basal Utica.  These zones are locally bounded by faults or different lateral facies.  Structural analysis indicate that the Utica experienced both compressional and extensional stresses contemporaneously with deposition.  Anthraxolite coatings on fault surfaces and as fillings within calcite-lined voids within the Schenectady mudstones suggest that an early hydrocarbon charge entered the Utica prior to extensive compaction of these sediments, most likely along the same structures that affected deposition of the Utica mosaic.  

History of Oil Shale in the eastern and central United States

Sandra G. Neuzil1 and Frank T. Dulong2
1 U.S. Geological Survey, Reston, VA 20192, sneuzil@usgs.gov 

2 U.S. Geological Survey, Reston, VA 20192, fdulong@usgs.gov

     Shortages and rising costs of conventional oil in the late 1910’s, 1940’s, 1970’s and 2000’s each generated short-term interest in U.S. oil shales.  Following each one of these events, there was a decade of increased activity in oil shale exploration, assessment, and technology development for mining methods and retort processes.  The first three cycles ended abruptly when new oil field discoveries or new drilling and production technology increased the supply and decreased the cost of conventional oil.

     Estimates, based on Fischer assay method, of near-surface in-place oil shale resources in Upper Devonian and Lower Mississippian black shales in the eastern and central U.S. were reported as 60, 1500, and 400 (with a possible extension to 3000) billion barrels of oil (BBO) in 1925, 1955, and 1965 respectively (USGS Circular 523).  A larger assessment area and more clearly defined resource grades were used in the 1955 and 1965 estimates.  US DOE funded significant field work, core collection, shale and organic analyses, and retort technology research for oil shale and gas shale resource potential in the eastern U.S. in the late 1970’s and early 1980’s.  A hydroretorting process (hydrogen atmosphere at high pressure and temperature) was tested that can produce 2-3 times more oil from hydrogen-deficient eastern shale kerogens than the oil yield determined by Fischer assay.  In 1980, Matthews, Janke, and Dennison estimated surface-mineable in-place oil shale resources in OH, KY, TN, IN, MI, and AL of 423 BBO based on hydroretorting oil yields.  Commercial scale hydroretorting remains unproven and in 2006 the USGS (USGS SIR 2005-5294) revised the resource estimate to 189 BBO based on Fischer assay.  

     It is unclear whether new fracturing and in situ retorting methods will make thermally immature oil shale an economic resource in the near future or whether development of shale gas resources will again end interest in oil shale.  

Quantifying Pore Architecture by Facies for Enhanced Prediction of Reservoir Distribution in Silurian Pinnacle Reefs of the Michigan Basin

Amy K. Noack1 and G. Michael Grammer2, 
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     Reservoir quality in carbonates is dependent on the complex relationship of rock fabric, porosity, and permeability. Simple porosity/permeability transforms do not provide sufficient information to estimate reservoir deliverability because permeability is dependent on pore architecture. As a result, Middle Silurian (Niagaran) Reef reservoirs in the Michigan Basin were evaluated to better understand this relationship. Additionally, pore types and associated geometries are thought to have a direct correlation with sonic velocity values. To confirm this relationship, Niagaran reef wells with both core and petrophysically measured sonic log values were used. Petrophysically significant facies and related pore types were identified through core analysis. Key facies were made into thin sections and photomicrographs were imported into an image analysis program where pore abundance and geometries were determined. Facies and related pore geometries were compared to sonic velocity values to identify the relationship of velocity and pore architecture. Facies with greater rigidity contain more rounded pores and have higher velocities whereas facies with less rigidity contain more irregular shaped pores and have slower velocities. Permeability can then be determined by integrating the relationship between pore types and facies with the effect of pore geometry on rock acoustics. As a result, quantifying rock and well log data relationships allows for better prediction of reservoir quality with logs in the absence of rock data. 

Designing a Pilot Project to Test CO2 Sequestration and Enhanced Gas Recovery in Organic-Rich Shales

Brandon C. Nuttall

Kentucky Geological Survey, University of Kentucky, Lexington, Ky 40506-0107, bnuttall@uky.edu

     Horizontal drilling and new completion technologies have opened vast domestic gas resources in organic-rich shale plays nationwide. These low-permeability, continuous units are well known as natural gas source rocks and reservoir seals and are expected to play major roles in trapping CO2 stored in deeper reservoirs. Research indicates the Ohio Shale (Appalachian Basin) and New Albany Shale (Illinois Basin) may also act as a carbon sink with the possibility of enhanced natural gas production.

     Advanced geochemical well logs and laboratory data from drill cuttings and core have been acquired to better characterize the organic-rich gas shales in three Kentucky wells: Rosewood 02 Bargo, Blue Flame K-2605 Batten and Baird, and KGS 1 Blan. CO2 and CH4 adsorption isotherm data from these and other wells indicate CO2 is preferentially adsorbed in organic-rich shale. Natural gas production rate, petrographic, porosity, permeability, and other data were compiled to construct a geostatistical reservoir model to test CO2 injection into a nominated test site, the Interstate 3 Panther Land and surrounding wells, Pike County, eastern Kentucky. Reservoir modeling and simulations compared huff-and-puff and continuous injection scenarios. The huff-and-puff simulation indicated little carbon storage because of rapid flowback and incremental methane recoveries of 1 percent or less. The continuous injection simulation indicated both CO2 sequestration and incremental natural gas production up to 7 percent. Results indicate that a test volume of 300 tons of CO2 could increase production in surrounding wells and is being used to design a proof-of-concept injection project.

“Seeing is Believing”…Optical Televiewer Geologic Applications

Brad Posner
Superior Well Services, Indiana, PA 15701, bposner@swsi.com

     The Optical Televiewer (OPTV) is a full bore high resolution, orientated, optical imaging device with integrated Gamma Ray measurement designed to work in air hole and clear fluid environments. Since there is no transform from micro resistivity or acoustic signals to the visual image, geologic features such as facies, bedding, fractures, vugs, etc., can be directly identified (including in real time acquisition) and the strike and dip determined.  Distinguished from traditional downhole cameras, the “log” is a jpeg or bitmap of the borehole. Borehole images can be presented as NEWSN or URDLU (horizontal) flat, 4 quadrants, or rotatable single core views. 
     As with other imaging devices interpretation packages include arrow plot, multiple stick plots, rose diagrams, azimuth frequency plots and stereogram. This presentation will exclusively include real time acquisition and processed examples from the Appalachian Basin including Marcellus Shale and Lower Huron Shale as well as Devonian sand shale sequences.

Depositional Sequences and Reservoir Development in the Sub Trenton Black River Group of East Central Indiana

Dennis R. Prezbindowski1, Greg H. Chitty2 and Timothy S. Brown3

1Petroleum Consulting, Inc., 16 EMS-D Lane 13, Syracuse, IN 46567, dprez@petroleum-consulting.com

22419 Southgate Blvd, Houston, TX 77050

3Sierra Resources, LLC, 952 Echo Lane, Suite 290, Houston, TX 77024, tbrown@sierraresourcesllc.com 

     Prolific hydrocarbon production from the Black River Group was established in Delaware County, East Central Indiana during the early 1900’s.  During early exploration, the Black River Reservoir zones were referred to as the deep Trenton pay.  This “deeper pay” was discovered as wells were drilled through the depleted main Trenton reservoir zones of the Giant Lima Trenton Field in search of additional pay.  Unlike hydrocarbon production from the overlying Trenton Formation of the Giant Lima Trenton Field, which covered many counties in Indiana and Ohio, commercial Black River hydrocarbon production was found in smaller, complex, dolomitized reservoir bodies. 

     The Black River Group consists of a series of marine, carbonate depositional cycles that were deposited on the irregular topography of the Ancell Group sediments that filled and covered the Knox erosional unconformity surface.   Low stand surfaces in the Black River Group can be correlated over broad areas.  Positive paleotopography controlled the development of higher energy carbonate facies.    Productive reservoir porosity and facies in the Black River Group consists of intercrystalline and vuggy porosity developed in multistage dolomitized intervals that tend to correlate with low stand facies.   Late stage, high temperature dolomite (HTD) development is judged to be critical for commercial Black River reservoir development.   Reactivated basement faults are interpreted to be the preferred pathways for late stage dolomitizing fluids responsible for Black River HTD reservoir development.   Black River carbonate facies variability, faulting, basinal fluid movement patterns and dolomitization have resulted in complex Black River reservoir geometries and distribution in the area.

3-D Interpretation of the Sequence Stratigraphy and Reservoir Property Distribution in the Belle River Mills Silurian (Niagaran) Reef, St. Clair County, MI

Heather Qualman1*, G. Michael Grammer1, William Harrison III1, and Matthew Pranter2
1Western Michigan University, Geoscience Dept, Kalamazoo, MI, * current address ExxonMobil, Houston, TX, heather.k.qualman@exxonmobil.com 
2University of Colorado, Department of Geological Sciences, Boulder, CO, matthew.pranter@colorado.edu

     Silurian (Niagaran) reefs are significant hydrocarbon reservoirs in the Michigan Basin, having produced over 470 MMBO and 2.75 trillion cubic feet of gas. The primary production for these reservoirs is generally low, averaging about 25%, due to their complex internal heterogeneities. 3-D static reservoir models that incorporate detailed facies and sequence stratigraphic interpretations enhance the understanding of the spatial distribution, and possible controlling mechanisms, of reservoir properties.  A model created in a study of the Belle River Mills (BRM) Reef, located in St. Claire County, MI, tested modeling parameters, such as variograms, cell sizes, layers, and sequence stratigraphic constraints, to determine which set of parameters ultimately produced the most geologically reasonable model of the BRM reef reservoir. Results of the study indicate that 300 proportional layers and variograms with ranges of 500 feet produce the most geologically representative models of the distribution of facies and reservoir properties throughout the BRM reef. The model illustrates a geometrically well-developed windward margin at the southeastern edge of the reservoir, with higher porosity and permeability values apparent on the eastern margin of the reef.  The incorporation of a sequence stratigraphic framework and detailed facies analysis help to improve the geologic integrity of 3-D static reservoir models and, have the potential to enhance primary and secondary production from Michigan Basin Silurian Reef reservoirs.

Fayetteville Shale exposures along the Ozark Uplift of north-central Arkansas - Stratigraphy, Geochemistry, and Petrography

Douglas W. Jordan1, Craig Cormany2, M. Ed Ratchford3, Douglas J. Schultz4, and Erin Smart4
1 Chesapeake Energy Corporation, Oklahoma City, OK 73118, doug.jordan@chk.com

2 EOG Resources, Oklahoma City, OK 73112, 
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3 Arkansas Geological Survey, Little Rock, AR 72204, 
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     The Mississippian Fayetteville Shale crops out across north-central Arkansas along the edge of the Arkoma Basin. Nine outcrops of the Fayetteville Shale were studied for their sedimentology, sequence stratigraphy, and GR log character (using a hand-held scintillometer), and samples were obtained for petrographic (thin section/SEM) and geochemical (thermal maturation/ organic content) attributes. 

     The basal Fayetteville Shale overlies a ravinement surface present on top of the fossiliferous, quartzose, and very fine-grained Batesville Sandstone.  Overlying the ravinement surface are interbedded organic-rich, silty to argillaceous and siliceous (locally phosphatic), petroliferous mudstones (transgressive deposits/ condensed interval) that contain local concretions (calcareous and iron-rich). The section changes to primarily siliceous mudstones and chert approximately 40 miles to the east. Upsection, in the vicinity of Marshall, Arkansas, numerous stacked, graded beds (storm events), consisting of ooid/bivalve packestones/wackestones changing to micritic mudstones, calcareous cherts, and siliceous mudstones (distal highstand?) occur. This sequence is cut by a ravinement surface having a bivalve-rich lag, and is overlain by dark-gray, siliceous mudstones that contain a strong petroliferous odor (transgressive deposits/condensed interval). The remainder of the outcrop consists of light-gray, micritic and siliceous mudstones in bed-thickening parasequences (highstand) that are sharply overlain (sequence boundary) by the oolitic Pitkin Limestone.  

     TOC values range from 0.28-8.3% (average 4.5%) and are generally higher in the organic-rich, siliceous and calcareous mudstones of the transgressive deposits/condensed interval associated with high GR values (over 200 API units). Vitrinite reflectance values (Ro) range from 0.82-1.55% (average 1.01%) and vary systematically with depth on the outcrop.  

North Carolina Shale Gas – A Progress Report: Sanford Sub-basin, Deep River Basin – Lee, Chatham, and Moore Counties

Jeffrey C. Reid, Kenneth B. Taylor, and James D. Simons

N.C. Geological Survey, 1612 Mail Service Center, Raleigh, 27699-1612, jeff.reid@ncdenr.gov, kenneth.b.taylor@ncdenr.gov, jim.simons@ncdenr.gov

     Leasing in the Sanford-sub basin began in January 2010; up to three groups were active. No drilling permits were submitted by May 2010. Pipeline build-out continues to provide natural gas for accelerated conversion of coal-fired electric plants by Progress Energy – the major public utility in central- and eastern North Carolina. These pipelines, located near the Sanford sub-basin, provide a ready natural gas market.

     North Carolina’s 1945 Oil and Gas Conservation Act, amended in 1988, preceded previous drilling and needs updating to reflect current technology and to provide a framework of modern regulations, bonding, state royalties and permit fees which are similar to other states.  Listening sessions on potential drilling concerns were conducted with interested parties both inside state government and the environmental community.

     Progress includes development of an evolving three-dimensional digital subsurface basin model using basin-wide 2D seismic, a Cumnock Fm. (source rock) isopach map, and depth to basement map.  Paper petroleum well logs are being converted digital format.  Additional organic geochemical data are being acquired to augment a robust database with thermal maturation and source rock data.  Reconnaissance SEM of porosity in the Cumnock Fm. was obtained. The Sanford sub-basin is included in this year’s U.S. Geological Survey’s Mesozoic basin resource assessment.

     Potential plays include coal bed methane, shale gas, and possible tight gas sand (strong gas shows noted on well logs and degraded oil in the Sanford Fm. above the Cumnock Fm.).  Source rocks below the underlying Pekin Fm. cannot be precluded. 

Mapping the Michigan Natural Storage Gypsum Mine using a Geological Information System (GIS).

Neal A. Ringerwol1, Kent A. Walters2, Peter J. Wampler3

1Grand Valley State University, Department of Geology, Allendale, MI 49401 ringerwn@mail.gvsu.edu
2Grand Valley State University, Department of Geology, Allendale, MI 49401 walterke@mail.gvsu.edu
3Grand Valley State University, Department of Geology, Allendale, MI 49401 wamplerp@gvsu.edu

     There are almost 9.5 km of former mine workings at the Michigan Natural Storage (MNS) gypsum mine in Grand Rapids.  Although no longer being mined, access is maintained for dry storage and is also available to school groups for tours.  The mine is one of the few places in the Lower Peninsula where Mississippian age rocks can be observed in outcrop.  A historic mine map, created by Williams & Works Civil Engineering & Survey in 1951, was obtained from MNS in order to create a GIS database for the mine. The map was scanned at 200 DPI and georeferenced to surface features such as road intersections.  Detailed mapping using laser measurement devices confirmed the accuracy of the original map.  Approximately 4 km (~ 42%) of the accessible tunnels were mapped, including 19 cave-ins, 437 meters of standing water and numerous geologic features.  Preliminary mapping of cave-ins and flooded tunnels suggest a spatial relationship between Plaster Creek, saturated ceilings, and cave-in locations.  Tunnels under the creek, along with many of the connecting tunnels, are flooded with water ranging from 10-60 cm depth.  Flooded tunnels and cave-ins are spatially correlated; suggesting that saturation of upper stratigraphic units is causing the underlying layers to become less stable.  Many features of geologic interest such as carbonized tree bark, coprolites, mud cracks, and ripple marks were also mapped to facilitate geology field trips and to provide a spatial database for further sedimentary environment analysis.

Regional Geological Sequestration Potential of the Middle Devonian Sylvania Sandstone, Michigan Basin, USA

Farsheed Rock1 , David A. Barnes1, 

1Western Michigan University, Department of Geosciences/Michigan Geological Repository for Research and Education, Kalamazoo, MI 49008, farsheed.rock@gmail.com , dave.barnes@wmich.edu

     The Sylvania Sandstone is a prospective, saline reservoir geological sequestration target in the central Michigan Basin. Reservoir quality in the Sylvania Sandstone is well documented by extensive brine mining since the late 19th century. The Sylvania Sandstone is overlain by confining layers of the Amherstburg and Lucas formations and is present adjacent to several large coal fired power plants, making it a prime target for geological storage feasibility investigation.
     Previous regional geological storage capacity investigations have substantial uncertainty due to stratigraphic, lithologic, and diagenetic complexity in this formation. In order to reduce this uncertainty, a detailed stratigraphic and petrophysical study of 3 cored wells, 50 conventional core analyses, and 115 modern well logs was undertaken.     
     Core analyses data indicate that sandstone lithofacies have moderate to good porosity and high permeability and are excellent injection targets. Tripolitic chert lithofacies have high porosity and low to moderate permeabilty and questionable injection potential. All other lithofacies have low porosity and permeability. Core to modern wire-line log calibration provides confident discrimination amongst reservoir sandstone, and non-reservoir tripolitic chert and carbonate lithofacies. By assuming 4% efficiency and plugging in effective net porosity into DOE’s storage capacity formula, regional geological sequestration capacity of 732 Mmt of CO2 was calculated. 
     Three shoaling upward parasequences and facies changes down depositional dip direction compartmentalize the reservoir in both vertical and lateral directions. Reservoir compartmentalization, limited spatial distribution and spatial variability in reservoir performance require sophisticated reservoir characterization for site specific deployment of geological sequestration in the Sylvania Sandstone.

Stratigraphy, Lithology and Geographic Extent of the Collingwood Member of the Trenton Limestone in North-Central Lower Michigan

Farsheed Rock1, William B. Harrison, III1 and Roswell Barranco2 

1 Western Michigan University, Kalamazoo, MI  49008, farsheed.rock@gmail.com

2 DTE Energy, Detroit, MI, barrancor@dteenergy.com
     The recent discovery of commercial quantities of natural gas in the upper part (Collingwood Member) of the Trenton Limestone in north-central Michigan has spurred extensive leasing and renewed interest in the deep hydrocarbon potential of the central Michigan basin.  Examination of several cores that cover the basal Utica Shale and Upper Trenton Limestone allows for delineation of the Collingwood Member based on lithology and organic content. The Collingwood in these cores is primarily a fine-grained, organic-rich, black limestone interbedded with thin, less organic-rich beds of brachiopod shell limestone. The Collingwood is abruptly overlain by the siliciclastic, clay-rich Utica Shale and grades gradually downward into micritic and skeletal limestones of the Trenton.

     Detailed examination of wireline logs from nearby wells show that the Collingwood is identified by an interval of lower density and higher porosity than the underlying Trenton Limestone.  Resistivity values are also significantly higher through the Collingwood interval. The contact with the overlying Utica Shale can be easily identified by the sharp increase in gamma ray and neutron porosity values typical of shale. Correlation of these log attributes throughout northern Lower Michigan indicated the Collingwood is both geographically and stratigraphically, a wedge-shaped package of strata occupying only the central portion of the north half of Lower Michigan. The Collingwood appears entirely absent west of a line from Traverse City to Mt. Pleasant. Thickness ranges from near zero in southern Isabella County to over 30 feet in northern Emmet County. The Collingwood member is also apparently absent in eastern counties north of Saginaw Bay and south of Alpena.

Structural and Stratigraphic Framework of the Appalachian Basin from North-Central Kentucky to Southwestern Virginia: Evidence from a New Regional Cross Section

Robert T. Ryder1, Michael H. Trippi1, and Christopher S. Swezey1, 


     
1U.S. Geological Survey, Reston, VA, 20192, rryder@usgs.gov, mtrippi@usgs.gov, cswezey@usgs.gov. 

     A new geologic cross section provides a regional perspective of the structural and stratigraphic framework of the Appalachian basin. The cross section extends from the easternmost Illinois basin in north-central Kentucky, through the Lexington dome and Rome trough in central and eastern Kentucky, to the Valley and Ridge province in southwestern Virginia, a distance of 280 miles. This cross section complements three USGS Appalachian basin cross sections located in Ohio, Pennsylvania, and West Virginia. Basin-scale research concerning petroleum systems, coal systems, CO2 storage, and fluid flow can be addressed with these cross sections.

     Two styles of deformation are documented from the cross section: (1) thin-skinned contraction of Alleghanian age as evidenced by a ramp anticline at the Allegheny structural front, and bedding-plane detachments and associated ramps of the Pine Mountain, St. Paul (Hunter Valley), and Copper Creek thrust faults and (2) Middle Cambrian extension as evidenced by normal faults that involve basement in the Rome trough.  Also, several deeply rooted anticlines formed by minor basin inversion during the Alleghanian orogeny are noted.  The basement consists of Mesoproterozoic crystalline rocks of the Grenville and Eastern Granite-Rhyolite provinces. Meso- to Neoproterozoic red beds overlie the Eastern Granite-Rhyolite basement in the western part of the cross section and are juxtaposed against Grenville basement by a west-verging thrust fault at the Grenville front beneath the Lexington dome. Paleozoic sedimentary rocks range from Cambrian to Pennsylvanian age, and their total preserved thickness ranges from about 3,000 ft on the Lexington dome to about 16,500 ft near the Allegheny structural front.

Dispersed Macerals and Extracted Bitumen from Immature to Low Thermal Maturity Devonian Shales in the Appalachian Basin: Can they Identify the Updip Extent of Thermogenic Gas and Vitrinite Suppression?

Robert T. Ryder1, Paul C. Hackley1, Hossein Alimi2, and Michael H. Trippi1                      
1U.S. Geological Survey, Reston, VA 20192, rryder@usgs.gov, phackley@usgs.gov, mtrippi@usgs.gov 

2Weatherford Labs, Shenandoah, TX 77384, hossein.alimi@weatherfordlabs.com 

     Natural gas in Devonian shales in the Appalachian basin occur over a wide range of thermal maturation (%Ro<0.5 to >3.0). Petrographic and geochemical characteristics of immature to low maturity shale source rocks (%Ro<0.5 to 1.0) in Ohio were studied to determine whether they correlate with associated gases of thermogenic, biogenic, or mixed origin. Assessing the origin and distribution of these gases may be complicated by vitrinite suppression as suggested by %Ro values of Pennsylvanian coal beds in Ohio that are greater than those of the underlying Devonian shale.

     43 samples collected from the Marcellus, Rhinestreet, and Huron along 4 transects in Ohio and adjoining states were analyzed for TOC, Rock-Eval parameters, %Ro, maceral types, and bitumen-extract geochemistry (whole oil GC). Samples from %Ro 0.5 to 1.00 (Pennsylvanian coal %Ro 0.65 to 0.80) commonly are associated with bitumen macerals and single-peak extract GCs with low molecular weight n-alkanes (n-C12 to n-C18). These characteristics are interpreted to be associated with thermogenic shale gas. In contrast, samples with %Ro<0.5 (Pennsylvanian coal %Ro <0.6 to 0.65) commonly are associated with bituminite macerals and bimodal extract GCs with high molecular weight n-alkanes (n-C20 to n-C26). These characteristics are interpreted to be associated with biogenic shale gas. However, for many samples in the dataset it is difficult to interpret the origin of associated gases because coexisting macerals and extract GCs give conflicting maturation histories. At this early stage of the investigation, vitrinite suppression is judged to be negligible because samples with %Ro<0.5 are mainly associated with bituminite and bimodal GCs.   

Facies, Sequence stratigraphy and Evolution of the Late Barremian-Turonian platforms in North Egypt

Yasser Salama1, G. Michael Grammer1, Gouda Abdel-Gawad2, Shaban Saber2 and Soheir El-Shazly2

1Western Michigan University, Geosciences Department/MGRRE, Kalamazoo, MI, 49008-5241

2Beni-Suef University, Geology Department, Beni-Suef, Egypt

     Five Cretaceous rudist-dominated outcrops from North Sinai and the Western side of the Gulf of Suez in North Egypt form the backbone of this study. These outcrops are analogs for the subsurface Cretaceous carbonate and siliciclastics that form hydrocarbon reservoirs for a number of oil fields in the Western Desert, Sinai and the Gulf of Suez region. A detailed facies and biostratigraphic analysis has been carried out to construct a high resolution sequence stratigraphic framework. The platform deposits are subdivided into thirteen microfacies types that define eight facies belts. The intertidal siliciclastic facies is characterized by sandstone and iron-ooids packstones, whereas the peritidal facies are indicated by dolostone and mudstone.  Wackestone and packstone with miliolids and cyanobacterium were deposited in restricted lagoon environments, while the open marine biota are widespread in open lagoons. The high energy subtidal shoals are dominated by oolitic or bioclastic grainstones and packstones. The rudist facies are deposited in shallow subtidal rudist biostromes in the form of bafflestone, floatstone and rudstone facies. The rudist biostromes grade seaward to the foreslope and deep marine facies (mudstone, wackestone and shale with orbitolinids and planktonic foraminifers).

     Based on new biostratigraphic data and facies stacking patterns, a high resolution sequence stratigraphic framework has been established for these units.  The Late Barremian-Turonian succession is subdivided into 11 third order depositional sequences. The muddy facies are dominant during the transgressive system tract (TST), while the rudists flourished on the platform during highstands. The evolution from siliciclastic- to rudist-dominated platforms coincides with the southward transgression of the sea during the Middle Albian.

     The siliciclastic facies characterize the North Sinai platforms during the Late Barremian-Early Albian period. The sandstone and high energy shoal facies play an important role in the formation of the reservoir during this period. On Middle Albian-Turonian platforms, the rudist-bearing facies are common in North Sinai. The dissolution of the aragonitic components of the rudist shells was the most important diagenetic process for enhancing reservoir quality. The intercalation of the rudist-bearing facies with highly permeable crystalline dolostone results in good reservoir quality. 

Cementing Solutions for CCS Environments
Ashok Santra and Ronald Sweatman

Halliburton Duncan Technology Center, Duncan, OK, 73536; ashok.santra@halliburton.com

     The fact that carbonation of Portland cement is a thermodynamically favorable process poses huge challenges to providing zonal isolation in CCS environments where 1000 years of safe trapping period is required. Chemical and mechanical integrity of different cement sheaths were tested at 200°F and 2,000 psi in a wet CO2 environment for an extended time period.  Cement sheaths of neat Portland cement and optimized blends were tested in a wet CO2 environment at 200°F and 2,000 psi.  Results show that the depth of CO2 penetration and the extent of carbonation is a function of initial cement sheath permeability as well as the amount of Portland cement in the blend, respectively.  The cement sheath mechanical properties at the above conditions were also measured at regular intervals for up to one year.  
     Tests show that a neat Portland cement sheath is at a greater risk of being damaged when it is exposed to CO2 compared to the optimized blend that contained substantially reduced Portland cement and mechanical properties enhancing materials.  The mechanical properties of the optimized blend did not undergo any degradation even after one year.  However, minor surface dissolution of the cement samples has been observed as expected due to the acidic water in contact with the cement.  In another set of experiments the cement slurries were cured inside a sandstone core and then tested under the same conditions for one year.  Results show no evidence of dissolution related de-bonding at the sandstone-cement interface even after such prolonged exposure.
Facies Control on Reservoir Quality of Hydrothermal Dolomites, Black River Group, Michigan Basin
Jennifer Schulz1, G.M. Grammer2, W.B. Harrison III3
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     The Ordovician Trenton and Black River carbonates of the Michigan Basin are significant hydrocarbon reservoirs that are characterized by hydrothermal dolomitization. Production has exceeded 132 million barrels of oil with forty new discoveries made in the past three years alone. The Albion-Scipio Trend is often used as a model for other prolific hydrothermal dolomite reservoirs around the world with current models focused on the structural control of reservoir quality dolomite. Evaluation of published examples of these reservoirs, however, suggests there is a secondary control on the lateral development of reservoir quality rock away from the major fault zones.

     Previous studies of the Black River Group have not delimited a well-constrained depositional model. This study integrates high-resolution core interpretations, whole core analysis, and thin section evaluation to determine how primary depositional fabrics relate to reservoir quality, and to show how the predictability of reservoir units can be enhanced through the application of a sequence stratigraphic framework. For example, the highly-interconnected, burrow galleries of the bioturbated facies are a pervasive fabric in the Albion-Scipio Trend, which act as highly permeable, migration pathways for dolomitizing fluid extending laterally away from the major fault and fracture zones. By characterizing and constraining the distribution of dolomitized reservoir facies within the Albion-Scipio Trend, predictive distribution models may lead to more targeted exploration in hydrothermal altered reservoirs around the world.

Modeling of CO2-Water-Rock Interactions in Mississippian Sandstone Reservoirs of Kentucky

Anne M. Schumacher1, T. M. Parris2, A. E. Fryar1, E. G. Beck2 and K. G. Takacs2
1University of Kentucky, Dept of EES, 101 Slone Bldg, Lexington, KY 40506, anne.schumacher@uky.edu, afryar1@uky.edu 

2Kentucky Geological Survey, 228 MMRB, Lexington, KY 40506, tmparr2@uky.edu, ebeck@uky.edu, ktakacs@uky.edu 

     The chemistry of formation waters directly influences the potential for dissolution of CO2 into fluids, and mineral-forming reactions. Pilot tests are underway in Kentucky to further understand the processes involved with sequestering carbon into geologic reservoirs including: oil and gas fields, and deep saline aquifers. This study focuses on modeling the water-rock-CO2 interactions occurring during injection into two Mississippian oil reservoirs of Kentucky. 

     New samples (n= 71) and archived data collected from oil wells were used to characterize the chemistry waters from the Jackson sandstone reservoir in Sugar Creek field (Hopkins County) and the Cypress sandstone reservoir in Euterpe field (Henderson County). Core and cuttings samples (n= 41) from the reservoir and overlying cap-rocks in or near these fields were analyzed for bulk and clay mineralogy using X-ray diffraction. 

     With water chemistry and mineralogical data as inputs, speciation and reaction path models were created using Geochemist Workbench (GWB) to predict the saturation states of minerals at equilibrium, the evolution of fluid chemistry, and mineral saturation states as CO2 is injected into the reservoir. Default settings in GWB database, such as ionic strength, were altered to account for reactions with higher salinity brines in the reservoir. Field measurements at Sugar Creek show pH is a sensitive indicator of CO2 migration and so a sliding pH scale was used to model the shift in pH due to increased CO2 fugacity. Continued efforts will model the changes in CO2 fugacity away from the injection well and the effects on mineral saturation states. 

Making Holes in Carbonate by Microbial Acid and Gas: A Case Study in the Bahamas

Stephanie J. Schwabe

University of Kentucky, Earth & Environmental Sciences, Lexington, KY 40506, Steffi@blueholes.org

     The current explanation for the formation of pores, holes and caves in marine limestone, is the combination of acidic meteoric water and mixing of CaCO3-supersaturated seawater with CaCO3-saturated groundwater creating under saturated mixed water.  We now know that the mixing of these bodies of water cannot dissolve limestone unless there is a continuous source of acids to overcome the buffering effects of the limestone.  Similarly, rainwater that is slightly acidic via incorporation of atmospheric and soil CO2 cannot remain acidic during its passage through marine-limestone.

     Large numbers of interstitial bacteria are the obvious sources of acid and gas needed to initiate and maintain acidic meteoric and ground-water conditions.  We have shown that rainwater over San Salvador Island before contact with the ground, has a pH of 5.6, and is buffered within three minutes to 8.6 following contact with local limestone.  Buffered rainwater passing through 3 meters of limestone arrives in vadose caves as acidified drip-water with a pH of 6.7.  We hypothesize that the dissolution capacity of meteoric-water is controlled by the assimilation of bacterially generated acids and gas, produced in the pores of the host rock.  Heterotrophic bacteria also produce large quantifies of gas in unconsolidated rock and can generate blisters or pores.  The gas they generate is temporarily trapped in their mucilage causing a ballooning effect and subsequent displacement of the surrounding unconsolidated grains.  The resulting sedimentary textures formed by microbial acid and gas, in modern carbonate rocks, appears to match textures observed in ancient carbonate cores.

Optimization of Completions in Unconventional Reservoirs for Ultimate Recovery

Rocky Seale1 and DJ Snyder2
1Packers Plus Energy Services Inc., Houston, TX 77069, rocky.seale@packersplus.com

2Packers Plus Energy Services Inc., Houston, TX 77069, dj.snyder@packersplus.com

     Over the last decade, an industry wide shift to unconventional plays has occurred due to advances in technology allowing for the recovery of previously uneconomic reserves. The primary objective of completions in these unconventional reservoirs is to increase the effective surface area of the well to maximize reservoir contact. Horizontal drilling and multi-stage fracturing are two technologies which have accomplished this. The two main methods of horizontal, multi-stage completions currently used in unconventional reservoirs: cemented liner “plug and perf” and open hole, multi-stage fracturing systems.

     Operators working in a number of unconventional reservoirs, such as shales and other tight rock formations are experiencing faster than expected production decline rates, resulting in reduced long-term, ultimate recovery. This may be in part due to the abandonment of good fracturing practices, developed over the past 50 years, with the advent of horizontal, multi-stage fracturing. Issues such as near wellbore conductivity, flowback, and fracture tortuosity that can have a significant effect on the long-term production of wells need to be considered when choosing a completion method, particularly for unconventional reservoirs.

     This presentation will provide an introduction to unconventional reservoirs, describe the main methods of horizontal, multi-stage completions, discuss how the choice of method can affect good fracturing practices and provide case study examples from a variety of unconventional reservoirs including tight sandstone, limestone and shale.

Economic Analysis of Gas Production from the Silurian “Clinton” Formation in Ohio

Martin R. Shumway, Pete MacKenzie
MacKenzie Land & Exploration, Ltd., Worthington, OH 43085, marty@mackex.com

     Natural gas production data from over 10,000 wells completed in the Clinton formation in Ohio were used to develop composite decline curves for townships with cumulative gas production accounting for over 90% of total production. Townships were screened for sufficient quantity and quality of production and 168 townships were selected for analysis. Composite production decline curves were determined for each quartile of wells in each township and for the state as a whole.

     Decline curves for each quartile of wells were used to perform economic analysis for each township incorporating estimated lease and drilling costs for gas prices between $4-8 per mcf. Townships were ranked based on several economic metrics including; internal rate of return, present value, return on investment, payout time, and discounted profit to investment ratio.

     For the state as a whole, the composite well for the 2nd quartile had an estimated ultimate recovery of 85 mmcf, 10-year cumulative production of 64 mmcf, and first year production of 19 mmcf. The composite well for the 3rd quartile had an estimated ultimate recovery of 175 mmcf, 10-year cumulative production of 115 mmcf, and first year production of 34 mmcf.

     This analysis, combined with sound geology and a competent drilling and completion program, is a tool designed to identify areas within the state to initiate Clinton lease and drilling programs that will maximize the probability for high returns. The results identify townships with the potential to generate acceptable returns, even with gas prices as low as $4 per mcf.

Potential for Supercritical Carbon Sequestration in the Offshore Bedrock Formations of the Baltimore Canyon Trough

Brian Slater1, Taury Smith1, Alexa Stolorow1, John P. Martin2
1New York State Museum, Albany, NY 12230, bslater@mail.nysed.gov

2NYSERDA, Albany, NY 12203, jpm@nyserda.org

     Although geologists continue to find terrestrial rock formations that have the capacity to hold moderate amounts of carbon dioxide, the greatest potential for carbon sequestration in North Eastern United States lies in the offshore geologic formations that make up the continental shelf. 

     The Baltimore Canyon Trough is a portion of the continental shelf which lies approximately 100 miles south of Long Island and over 50 miles southeast of New Jersey. It is over 7,500 square miles in size and consists of Mesozoic and Cenozoic limestones, dolomites, sandstones, and shales. This area has been explored by a number of oil and gas companies as well as the Continental Offshore Stratigraphic Test (COST), the Offshore Drilling Project (ODP), and the Deep Sea Drilling Project (DSDP). A large amount of data including wireline logs, cores, and seismic surveys has been collected and much of it is available for additional study. Previous work indicates that there are several sandstone beds in this region having porosities greater than 25% and permeabilities over 100 md. This suggests an extremely large capacity for potential storage of supercritical CO2.

     Offshore sequestration also avoids the issues associated with individual landowers’ mineral rights and public concerns over leaks or drinking water contamination. Offshore sequestration also offers the benefit of additional trapping mechanisms such as density inversion and formation of hydrates. 

Integrating Mt. Simon Injection Data with CO2 Storage Reservoir Simulations for the Arches Province of the Midwest United States

Joel Sminchak, Evan Zeller, and Neeraj Gupta

Battelle, 505 King Ave, Columbus, OH, 43201, sminchak@battelle.org, ZellerE@battelle.org, gupta@battlle.org 

     Operational information from Mt. Simon injection sites was integrated with CO2 storage reservoir simulations for the arches province of the Midwest United States.  Data from the injection sites included the general geological setting, geotechnical test properties, hydraulic parameters, and historical operational information such as injection rates and pressures.  This information was integrated into a geological model for the arches province, which will provide the framework for numerical simulations of large scale CO2 storage.  Information on injection pressures and flow rates also provide valuable calibration points for the model.  The basin-scale simulations are focused on evaluating the infrastructure necessary to implement large-scale CO2 storage along the province.  The analysis also addresses technical and infrastructure questions related to simulation methods, monitoring options, and risk assessment.  This work was supported by U.S. Department of Energy National Energy Technology Laboratory award DE-FE0001034 and Ohio Coal Development Office of the Ohio Air Quality Development Authority grant D-10-03.  

Shallow Transgressive Onlap Model for Ordovician and Devonian Organic-Rich Shales, New York State

Langhorne B. Smith, New York State Museum

     Field relations and regional mapping show that organic-rich mudrocks in the Devonian Marcellus to Dunkirk Shales and the Ordovician Utica Shale of New York, which have historically been interpreted to have been deposited in deep anoxic basins greater than 150 meters deep, may in fact have been deposited in relatively shallow water of less than 30 meters (100 feet).  These black shales were mainly deposited on the present-day western or cratonward side of the basin, not in the deepest part or at the toe of a prograding clastic wedge as is commonly interpreted.  The organic-rich black shales commonly overlie, onlap and pinch out on unconformities, some of which are demonstrably subaerial in origin.  Both the Ordovician and Devonian black shales were deposited during periods of high tectonic subsidence driven by thrust-loading to the east.   This black shale deposition occurred in the Appalachian Basin while areas to the west were exposed land suggesting relatively low eustatic sea level during deposition.  Space was created for the shales more by “basin fall” than eustatic sea level rise and this high differential subsidence may be a key driver in the deposition and preservation of these organic rich sediments.

     These observations have led to the development of a new depositional model for black shales in actively subsiding foreland basins. Eustatic sea level is relatively low and there is subaerial exposure on the arches to the west of the basin. Black shale is deposited in relatively shallow water (most likely <30 meters deep) on the western, cratonward flank of the basin.  The black shale is most organic rich where it was deposited in the shallowest water far to the west and becomes progressively less organic rich approaching the deepest part of the basin.  This is at least in part due to progressively more dilution from clay and silt that are sourced from the highlands to the east but it may be that the longest duration of anoxic conditions occurred in the shallowest water.  The deepest part of the basin is the site of turbidite and organic-poor shale deposition, not black shale.  Progressively shallower organic-poor marine deposition occurs farther to the east until there is a transition to non-marine siliciclastic fluvial-deltaic deposits. Higher subsidence to the east causes beds, depositional cycles and sequences to thicken eastward and pinch out to the west. 

Lithostratigraphy and Depositional Systems of the Bakken Formation in the Williston Basin, North Dakota 

Anne Pendleton Steptoe, and Timothy R. Carr, Department of Geology and Geography, West Virginia University, Morgantown, 26506 WV

 asteptoe@mix.wvu.edu and tim.carr@mail.wvu.edu 

     The Late Devonian to Early Mississippian Bakken Formation in the Williston Basin of North Dakota is a large emerging, unconventional oil play.  This unconventional gas reservoir is widespread across the intracratonic basin with an estimated 3.7 billion barrels of undiscovered, recoverable oil and has significant economic potential in portions of North Dakota, South Dakota, Montana, Saskatchewan and Manitoba.  Although the Bakken interval is being drilled throughout the basin, several uncertainties remain including the environment and distribution of depositional facies, generation and migration of hydrocarbons, and controls on production.  The Bakken Formation consists of a middle member bounded by two black, organic-rich shale units.  Generally, the upper and lower shale members are considered to have been deposited under relatively deep marine anoxic conditions (>200 meters depth).  However, the underlying Sanish sand unit and the middle member of the Bakken have been interpreted as deposited in an epicontinental sea under shallow-water high-energy conditions (< 10 meters depth).  The middle member of the Bakken is a complex stacked interval of dolomitic siltstone, and oolitic or calcareous sandstone.    To evaluate the inferred rapid changes in base level and the influence on depositional environments and production, log characteristics were statistically tied to core.  Isopach maps of units and petrofacies of the Bakken and associated units were used to better define lithostratigraphic boundaries and petrofacies in several hundred wells distributed across a 1,000 square mile study area in northwest North Dakota.  The result is an improved understanding of deposition and basin evolution for the Bakken interval.

A Comprehensive Overview of Onshore Geologic Carbon Sequestration in New York State
Alexa M. Stolorow1, Brian Slater1, Langhorne Smith1, Kathryn Tamulonis2
1New York State Geological Survey/New York State Museum, Albany NY 12230, astoloro@mail.nysed.gov

2Cornell University, Ithaca, NY 14853, ktamulonis@slb.com

     New York State began exploring carbon capture and sequestration (CCS) in 2003 when it joined the Midwest Regional Carbon Sequestration Partnership (MRCSP), one of seven partnerships across the country whose common goal was to research the potential for CCS in the United States.  Since that time, New York has forged ahead with both broad, regional characterization of the state and more detailed analysis of localized target formations.  Each of these targets is evaluated based on well logs, thin sections, core and cuttings.

     The Rose Run is an Upper Cambrian tight sand member of the Galway Formation. This and other Cambrian sands show porosity and permeability in some areas of western and central NY up to 10% and up to 8 milidarcies.  It has been extensively studied in and around Jamestown, NY. However, due to localized dissolution and mineralization, porosity can be patchy.  There is also a prospective target in the reservoirs of the Trenton/Black River play in the Finger Lakes region of New York, which has the most porosity and permeability (up to >10 darcies) of any sequestration target.  Since the TBR fields are still producing, sequestration in these formations will most likely have to wait until the fields are depleted.  The Queenston is an Upper Ordovician sandstone primarily deposited in a fluvial environment.  In the target area near Cayuga Lake, the Queenston is a braided stream deposit.  Porosity can range from ~2% up to 18%, but is not widely extensive.  The Marcellus and Utica black shales also have the potential to be a sequestration target with both enhanced gas recovery (EGR) and depleted gas reservoirs.  And finally, the Stockton, a lacustrine sand in the Triassic rift basin in southern NY is currently being explored.

Northern Indiana and Vicinity Jointing, Fracturing, Faulting and Structural Patterns: Implications for Regional and Local Fractured Reservoirs and Tectonics in the Southern Michigan Basin and Adjacent Arches

Kevin L. Strunk, Managing Partner and Geologist

Wabash Resources & Consulting, Indianapolis, IN 46260; kstrunk@indy.net

     Fractured reservoir targets in the southern Michigan Basin and the Kankakee, Cincinnati and Findlay arches include the Antrim and Maquoketa (Utica) shales, the Trenton-Black River carbonate sequence, and potentially other units with low or no original porosity and permeability, as well as more conventional targets, all potentially enhanced via local and regional jointing, fracturing and faulting.  Extensive literature reviews and proprietary research has resulted in the review of widely published to fairly obscure data sets, geologic maps, geophysical, and tectonic interpretations.  

     When viewed at an appropriate scale in context with geologic bedrock and structure maps, trends depicted in fracture trace and lineament maps, regional and local fault maps, rose diagrams of joints from outcrops and quarries, and aero-magnetic and gravity interpretations suggest possible exploration and production fairways and also allow for the interpretation of local and regional tectonics.   These trends are related to both older and modern stress fields with interpreted, or apparent, tectonic, organic, erosional and glacial origins. Direct exploration and production application to shale, hydrothermal dolomite and other carbonate reservoirs is possible and will be reviewed.  The reef-influenced Traverse Formation and associated fractured Antrim Shale have been tested and produced in a few areas, with testing and scattered production of the Utica-Trenton-Black River intervals.  

Applying 3-D Seismic in Marcellus Shale Development, Greene County Pennsylvania

Pete Sullivan1, Chad Cunningham2 and Doug Parker3
1Energy Corporation of America, Charleston WV 25304, psullivan@energycorporationofamerica.com

2Energy Corporation of America, Charleston WV 25304, ccunningham@energycorporationofamerica.com

3Energy Corporation of America, Houston TX 77478, dparker@energycorporationofamerica.com

The Marcellus Shale in the area of the Mather and Garards Fort quadrangles east of Waynesburg, Greene County, Pennsylvania is buried at an average depth of approximately 8,000’.   The majority of the petroleum development activities in the area prior to the Marcellus Shale activity were focused on Upper Devonian tight gas sandstones.  

Energy Corporation of America (“ECA”) had drilled 110 wells in Greene County through the Bradford section to an average depth of 4,300’.  Subsequent vertical drilling to the Marcellus in the area, proved greater structural variations in the depth to the Marcellus than were observed in the shallower Bradford section.  There seemed to be little relation between the subsurface structural geologic maps of the Bradford and Marcellus intervals.

Given the structural variability that ECA observed in the Greene County vertical Marcellus wells, the decision was made to acquire a proprietary 3-D seismic survey early on to maximize horizontal well lateral length and wellbore placement within the Marcellus Shale.  A proprietary 24 square mile 3-D seismic survey was acquired in January and February 2010.

The ECA 3-D seismic confirmed that the geologic structure at the Marcellus level included faulting in the Marcellus, that was not present in some shallower objectives, faults with throws on the order of 250’ were observed in the data.   Knowledge and understanding of the strike of these composite fault trends has changed plans for locating surface pad sites and the resulting horizontal well paths.  These changes contributed significantly towards efficient field development.

Old wells, potable water, and carbon dioxide-enhanced oil recovery and sequestration projects in the Appalachian and Illinois Basins of Kentucky

Kathryn G. Takacs ktakacs@uky.edu, Thomas M. (Marty) Parris mparris@uky.edu, and Brandon C. Nuttall bnuttall@uky.edu

Kentucky Geological Survey, University of Kentucky, 228 Mining and Minerals Research Building, Lexington, Kentucky, 40506

     Seventy Paleozoic reservoirs in 51 oil fields were evaluated with data from the Tertiary Oil Recovery Information System for carbon dioxide-enhanced oil recovery (CO2-EOR) and sequestration potential. The fields and their respective reservoirs were ranked into quartiles using the reservoir parameters oil gravity, CO2 storage density, porosity X oil saturation, and permeability X net pay thickness.  Our analysis also showed that if maximum allowable EPA injection pressures (0.8 X lithostatic gradient) were attained during CO2 injection, then near-miscible or miscible conditions could occur in approximately 60 percent of the fields. In doing so, however, reservoir pressures would exceed initial pressure in 92 percent of the fields.

     For environmental and project efficacy reasons, repressurization is a concern in older, preregulatory fields (pre-1960) having large numbers of wells, where locations may be poorly documented and plugging integrity suspect. For example, the number of wells in the top-quartile fields ranged from 88 to 802 and discovery dates ranged from 1929 to 1965. An additional concern is possible contamination of potable groundwater as CO2 migrates upward along improperly plugged wells or breached seal rocks. The former seems to be more likely inasmuch as the average thickness of strata between the top of the oil reservoir and base of the potable water zone equals 1,957 ft. 

Prediction of Petrophysical Properties of Trenton-Black River (Ordovician) Reservoirs by Comparing Pore Architecture and Permeability to Sonic Velocity, Michigan Basin, USA

John E. Thornton1, G. Michael Grammer2
1Western Michigan University, Michigan Geological Repository for Research and Education, Kalamazoo, MI 49006, john.e.thornton@wmich.edu

2Western Michigan University, Michigan Geological Repository for Research and Education, Kalamazoo, MI 49006, michael.grammer@wmich.edu

     Reservoir characterization of carbonate rocks is complicated by heterogeneous pore architecture related to primary depositional facies and subsequent diagenesis; this is especially true in diagenetically-altered and structurally-influenced Trenton-Black River reservoirs of the Michigan Basin. Accurate and reliable prediction of reservoir properties within hydrothermal dolomite reservoirs through the use of seismic imaging would aid exploration and characterization both within and outside of the Michigan Basin.

     Permeability is the primary factor responsible for the deliverability of hydrocarbons in carbonate reservoirs and is related to the three-dimensional pore architecture. Diagenetically-altered depositional facies are the primary control on three-dimensional pore architecture, and pore architecture exerts a strong control on elastic properties and acoustic response. Due to these relationships, it should be possible to predict permeability from acoustic response. In order to test this hypothesis, pore types and pore architecture will be characterized from petrophysically significant facies which will then be measured in the laboratory for acoustic response. This data will be correlated to geophysical well logs and ultimately three-dimensional seismic in order to test the applicability of this method. Results of this study should aid in establishing predictability of permeability in carbonates from seismic surveys and petrophysical logs.

     Methods utilized will include traditional high-resolution core examination, two- dimensional image analysis of thin sections, three-dimensional X-ray computed tomography analyses of core plugs and laboratory sonic velocity analysis of core plugs.

CO2 Enhanced Oil Recovery (EOR) and Sequestration: Advances in Seismic Acquisition

Phil Van Hollebeke1, Nils Sandin2
1,2Bay Geophysical, Inc., Traverse City, MI 49686, pvanh@baygeo.com 1, nsandin@baygeo.com 2

     New technologies are being developed to produce CO2 from industrial sources for EOR methods and sequestration in oil and natural gas reservoirs across the U.S.  The technical challenge is the containment and accountability of large volumes of injected CO2 within these oil and natural gas reservoirs.  High resolution seismic methods can be used to delineate and assess the reservoirs for CO2 injection feasibility as well as quantitative reservoir management, monitoring and leakage detection. Recent advances in seismic acquisition include low impact vibroseis energy sources, enhanced source control electronics and acquisition methodology.  These advances directly result in a limited cultural footprint, including densely populated urban environments and agricultural regions as well as higher quality seismic datasets.  A combined 3-D and 2-D seismic approach to applying seismic attribute analysis is necessary for both the detection and mapping of subtle discontinuities that could represent small-scale (approaching subseismic) faults or other geological anomalies.

Evaluating the Controls on Reservoir Quality and Heterogeneity of Silurian Pinnacle Reefs, Michigan Basin

Audrey L.  (Ritter) Varga 1 and G. Michael Grammer2
1ExxonMobil, Houston, TX, audrey.l.varga@exxonmobil.com

2Michigan Geological Repository for Research and Education, Department of Geosciences, Western Michigan University, Kalamazoo, Michigan,  michael.grammer@wmich.edu

     A detailed sequence stratigraphic analysis of Silurian (Niagaran) “pinnacle” reefs in the Michigan Basin provides insight into the lateral and vertical variability of reservoir facies observed in the subsurface. Previous models have shown continuous reef growth during a single relative sea level rise with deposition of the Salina “A” Formations representing the end of Niagaran reef growth. In depth core analysis tied to wireline logs show that reefs consist of at least two orders of cyclicity. This sequence hierarchy is manifested by high-frequency sequences (few meters thick) driven by relative sea level variations and superimposed on large order sequences (10’s of meters thick) controlled by globally recognized sea level changes. Local changes in relative sea level are likely controlled by the combination of higher frequency eustatic variations along with subsidence and autocyclic mechanisms related to reef growth.

     The higher frequency cyclicity plays a major role in controlling the vertical heterogeneity of these reservoirs. For example, reservoir quality in skeletal grainstones is related to their position within the higher frequency cycles. Grainstones deposited during transgressive phases retain higher porosity and permeability relative to those deposited in regressive phases which were prone to preferential cementation and porosity occlusion that occurs at or near cycle boundaries.  In contrast, higher porosity and permeability values within the framework reef are associated with the regressive intervals and are due to exposure-related preferential dissolution and porosity enhancement, although in some reefs this porosity may be rapidly occluded by deposition of overlying evaporites. Understanding of the sequence hierarchy in these Silurian reefs provides additional insight into the episodic growth of the reefs relative to sea level fluctuations, and provides a means to better explain, and thus predict, the vertical heterogeneity observed in reservoirs. 

Challenges to Geostatistical Mapping of Porosity and Permeability for Oil and Gas Development and Geologic Carbon Sequestration

1Erik R. Venteris, 2K. M. Carter, 1S. R. Kelley, 3C. R. Medina, 1C. Perry, and 1R. R. Riley 

1Ohio Department of Natural Resources, Division of Geological Survey, 2045 Morse Road, Bldg. C-1, Columbus, OH 43229 
2Pennsylvania Geological Survey, 400 Waterfront Drive, Pittsburgh, PA 15222

3Indiana Geological Survey, 611 North Walnut Grove Avenue, Bloomington, IN 47405
     Computer mapping using geostatistical techniques is a routine task in reservoir characterization. However, “black box” software methods where the modeling process is hidden from the user can provide misleading results, especially when mapping porosity (matrix, for this presentation) and permeability—critical parameters for determining the feasibility of CO2 injection projects for EOR or permanent storage—and planning for oil and gas wells. Case studies from the Appalachian and Michigan basins illustrate the difficulties in obtaining consistent geostatistical correlation between wells at multiple scales, including detailed study areas with very close spacings. In such situations maps may still be generated, but the predictions at unsampled locations are unreliable. Understanding the reasons for the lack of geostatistical correlation can lead to improvement in spatial prediction. Correlation problems can be partially explained by calibration issues between geophysical logs and porosity and permeability measurements. Calibrations can be improved by increasing the amount of geologic information used in the model (e.g., mineralogy, cementation, facies) and consideration of the statistical technique used to establish the calibrations (linear regression vs. neural networks). The complexity of the depositional environment is another important consideration. For example, a study of the Medina Group in northwestern Pennsylvania showed that porosity models for the near-shore (tidal, deltaic) Grimsby Sandstone were much noisier than that for the sublittoral sheet sands of the Whirlpool Sandstone. Rigorous geologic, geostatistical, and statistical analyses of down-hole data can help reservoir modelers evaluate the accuracy of their maps and provide potential avenues to improvement.

Outcrop Lithostratigraphy of the Middle Devonian Marcellus Interval in West Virginia, Pennsylvania and Virginia

Margaret Walker-Milani1, Matt Boyce2
1Department of Geology and Geography, West Virginia University, Morgantown, WV 26505, mwalkerm@mix.wvu.edu

2Department of Geology and Geography, West Virginia University, Morgantown, WV 26505, mboyce5@mix.wvu.edu

     The Middle Devonian Marcellus Shale is part a large emerging unconventional shale gas play in the Appalachian Basin.  This unconventional gas reservoir is distributed widely across the basin and has significant economic potential.  Although the Marcellus interval is presently being drilled throughout the basin, several uncertainties remain including the definition of stratigraphic units, distribution and controls on organic richness, depositional patterns, and petrophysical characteristics.  Surface exposures of the Marcellus Shale were measured, described and logged with a spectral gamma-ray scintillometer at several localities in the outcrop belt including parts of Pennsylvania, West Virginia and Virginia. The spectral scintillometer was used to correlate surface exposures to nearby subsurface data and to construct cross-sections from the outcrops to the subsurface.  Detailed outcrop description tied to petrophysical data has allowed for a better understanding of the depositional history and economic potential of the Middle Devonian Marcellus Shale in West Virginia and throughout the Appalachian Basin. 

Bloomin’ Algae! How paleogeography and algal blooms may have significantly impacted deposition and preservation of the Marcellus Shale

Gregory R. Wrightstone

Texas Keystone, Inc., Pittsburgh, PA 15237 gwrightstone@texaskeystone.com

     The Marcellus Shale of the Appalachian Basin has been characterized as having geologically favorable rock properties, including high total organic carbon, high porosity and high permeability. These properties are linked directly with the large natural gas reserve projections for individual wells and for the Marcellus play as a whole. The superior rock properties may be explained by the depositional framework of the Marcellus and the significant role that algal blooms may have played in the development of this resource. The Marcellus depositional system was previously described by Wrightstone (2010) as having occurred in a “Perfect Storm” for organic mud creation, preservation and lack of dilution into a nearly enclosed depositional basin. Algal blooms are suggested to have greatly increased the production of organics and also enhanced preservation by creation of possible basin-wide anoxia. This important role of algal blooms is likely to be applicable to many of the other Shale plays around the world. 

Lithostratigraphy and Petrophysics of the Middle Devonian Marcellus Interval in Northwestern Pennsylvania

Yanni, Anne1, Boyce, Matthew1 and Carr Timothy1
1 West Virginia University, Department of Geology and Geography, Morgantown, WV, 26506

     The Middle Devonian Marcellus interval of northwestern Pennsylvania encompasses multiple formations, and is part of a large emerging unconventional shale gas play in the Appalachian Basin.  This unconventional gas reservoir is widespread across the basin and has significant economic potential.  Although the Marcellus interval is being drilled throughout the basin, several uncertainties remain including the following: stratigraphic distribution, controls on organic richness, depositional patterns, and petrophysical characteristics.  Based on integration of log characteristics and core information, lithostratigraphic boundaries of the Middle Devonian interval were established and correlated throughout the study area.  Using previous studies on organic-rich Marcellus shale potential pay intervals were determined and mapped.  Digital well logs (LAS files) and raster images were used to generate the following regional maps: thickness, total organic carbon content, and net feet of organic-rich shale.  Mapping petrophysical data, such as total organic carbon and gas content, has allowed for a better understanding of the depositional history and economic potential of the Middle Devonian in northwestern Pennsylvania and throughout the Appalachian
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