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Ventura, 2009

Another Great Meeting on the Pacific Coast
Pacific Sections AAPG-SEPM-SEG Convention
May 2 - 6, 2009 - Ventura, California

Great Technical Papers and Field Trips

Seep Tour

Great Activities

Channel Islands National Monument

San Miguelito Amphitheater

Ventura Music Festival
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Letter from the General Chair
Welcome to Ventura, California

Welcome to the 2009 Convention of the Pacific Sections AAPG, SEPM and
SEG. Our Logo is appropriately adapted from our host, the Coast Geological
Society. Members of the CGS have formed the committees and worked tirelessly to make this meeting an informative and enjoyable event. Please let
them know you appreciate their efforts.
With Technical Sessions, Exhibits, the Ice Breaker and Happy Hours all intertwined, the Marriott provides the perfect Venue for convenience and networking opportunities. We are pleased to bring you a maximum amount of
information, education and excitement in our condensed timeframe within this
comfortable facility.
Tom Hopps

Please check your registration package carefully to ensure you have tickets for
the events you selected. If you have overlooked an event and now wish to add
one or more of these exciting experiences please check with the registration
desk; there may still be spaces available. And while you’re here, you may also
want to take advantage of some of the many vacation opportunities Ventura
has to offer.
We will be rewarded to witness your enjoyment as you participate fully in this
meeting by the sea, the 2009 Convention of the Pacific Sections AAPG, SEPM
and SEG.

Tom Hopps								
General Chair								
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Letter from the Hosting Society

Welcome to Ventura, California

If you have never attended an annual convention, this is the one to sign up
for! There is so much to keep you busy, too many things to see and learn,
and not enough time to do it all. The turn out for this year’s convention
should be more than sufficient to fill the offered field trips and talks, so I
encourage you to sign up as soon as possible to ensure a seat in the lecture
hall, or on the appropriate boat or bus as the case might be.
The Coast Geological Society (CGS) is one of the largest and most active
of the PSAAPG local affiliates, with approximately 120 members attending
our monthly meetings. I can personally say that all of our local geologists,
teachers, and earth science aficionados are friendly, helpful, and knowledgeable – and many will be at the convention or on field trips to help you
as needed. So don’t be afraid to ask questions, and hopefully make some
lasting friends while you’re here.

David Panaro
CGS President
2008-2009

Ventura County has a lot to offer, so if you plan on bringing a significant
other, a friend or two, or the whole family, there will be plenty to keep them
busy while you are listening to a lecture or hanging out with colleagues. If
you have a car or some mode of self transportation, there are hundreds of
great restaurants to try, dozens of local theatres (live action or cinema), and
a handful of very good local wineries to visit for a tasting or two. And don’t
forget to see and visit our renowned local beaches.
So if you are hesitating, or have already made up you mind to attend, please
commit to making that reservation – I guarantee you will not regret one of
those great experiences of a lifetime – a visit to Ventura, California for the
best learning and vacation opportunity ever!

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Letter from the PSAAPG
Welcome to Ventura, California

Ventura is the place to be! General Chairman Tom Hopps and his Convention Committee have planned a remarkable Annual Meeting for us. There will be many technical sessions, two short courses and four field trips along with panel discussions.
The exhibit area will be filled with the latest technological wonders for all to see and
we have incredible luncheon speakers. What more could you want? Oh yeah, we
are on the beach!

Don Clarke

We have an exciting technical session. Monday starts with a session on New Insights in Historic Oil and Gas Production Areas. This is joined by sessions on Global
Climate Change, Exploration Technology, Sedimentology, Exploration Technology,
Structural Geology and Energy and Minerals of the Pacific Region. Tuesday brings
us a special session commemorating the 100th Anniversary of the Texas Bureau of
Economic Geology. AAPG President Dr. Scott Tinker leads the BEG and he will be
there too. Don’t miss this chance to meet him. Sessions on Modern Sea-Floor and
Quaternary Turbidite Systems and the California Offshore Oil and Gas Development
Potential, Linking Modern to Ancient Turbidite Systems along with a strong poster
session should satisfy your hunger for knowledge.
Two Short Courses will provide you with the latest on “Formation Testing in the 21st
Century” and “An Introduction to Geomechanics and Acoustics.” Follow that urge
for adventure and take one of the field trips. You can learn about the Cretaceous and
Eocene Turbidite Systems in the Transverse Ranges, the Pliocene Turbidites of the
Ventura Basin or the Unique Sedimentary Environments in the Transverse Ranges.
Finally, you can take the boat out to observe the offshore oil seeps and watch for
whales.
Plan to take some extra time and enjoy the surroundings. The Jazz Festival will be
held simultaneously with the convention. A short drive will take you to downtown
Ventura where you can visit the Mission and go antiquing along Main Street. A visit
to nearby Santa Paula will allow you to visit the Oil Museum in the old Union Oil
Headquarters. If you are looking for scenery you might try Ojai. On Sunday May 3rd
you can join the official convention bike ride to Ojai. For bargains try the Oxnard
Outlet stores. The beach is just behind the hotel.
Our Keynote Speaker is Dr. Stephen Chazen, President and Chief Financial Officer
of Occidental Petroleum Corporation. Dr. Chazen will talk to us on Issues Facing
Domestic Oil and Gas Producers from his unique position at the helm of California’s
largest independent oil company. On Tuesday Mr. Kevin Rich, CEO of Deutsche
Bank LLC, will speak at the DPA luncheon on Energy and Investment Access.
Come join your friends and fellow geologists for a fantastic meeting in Ventura!
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Thank you to the following companies for their generous contributions
and support of the Pacific Section AAPG - SEPM - SEG Annual Meeting

Sponsors

Ruby Level
$5000 - $9000

Aera Energy LLC is one of California’s largest oil and gas producers, accounting for approximately 30% of the
state’s production. With headquarters in Bakersfield, most of Aera’s production is centered in the San Joaquin
Valley. The company also has oilfield operations in the L.A. Basin and in Ventura and Monterey Counties. Aera
produces approximately 165,000 barrels of oil and 50 million cubic feet of natural gas each day and has proved
oil and gas reserves equivalent to approximately 800 million barrels of oil. The company, which began operating
as Aera Energy LLC on June 1, 1997, consists of the California onshore and offshore exploration and production
assets previously operated by Shell, Mobil, and ARCO. Today Aera is jointly owned by Shell and ExxonMobil
and is operated as a stand-alone company through its own board of managers (directors). The California-based
refining, retail petroleum marketing and pipeline operations of Shell and ExxonMobil are not included in Aera.

Ruby Level
$5000 - $9000

Chevron Corporation is one of the world’s leading integrated energy companies. With more than 59,000 employees Chevron subsidiaries conduct business in 180 countries across the entire energy spectrum – exploring for,
producing and transporting crude oil and natural gas; refining, marketing and distributing fuels and other energy
products and services; manufacturing and selling petrochemical products; generating power; and developing and
commercializing the energy resources of the future, including biofuels and other renewables. In 2006 Chevron
produced more than 2.67 million barrels of net equivalent per day. Approximately 71 percent of the volume came
from more than 20 different countries other than the United States. Operations in Chevron’s San Joaquin Valley
Strategic Business Unit, located in Bakersfield, California, include Coalinga, Cymric, Kern River, Kettleman
Hills, Lost Hills, Midway Sunset, San Ardo and with non-operator joint venture interest at Elk Hills. Chevron’s
Kern River Field recently achieved a 2 billion barrel production milestone. Chevron is based in San Ramon,
California. More information is available at www.chevron.com .

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Thank you to the following companies for their generous contributions
and support of the Pacific Section AAPG - SEPM - SEG Annual Meeting

Sponsors

Ruby Level
$5000 - $9000

Occidental Petroleum Corporation (NYSE: OXY) is an international oil and gas exploration and production company, as well as a major North American chemical manufacturer. The fourth-largest U.S. oil and gas company,
based on equity market capitalization , Oxy engages in oil and natural gas exploration and production in three core
regions: the United States, Middle East/North Africa and Latin America. Oxy is a worldwide leader in applying
advanced technology to boost production from mature oil and natural gas fields and access hard-to-reach reserves.
Oxy consistently replaces and expands reserves through improved recovery, strategic acquisitions and focused
exploration. Headquartered in California since 1920, Oxy is the largest natural gas producer and third-largest oil
producer in the state. Oxy is committed to respecting the environment, maintaining safety and upholding high
standards of social responsibility throughout the company's worldwide operations. Oxy's success is built on technical expertise, business acumen, strong partnerships and proven ability to deliver superior results.

Ruby Level
$5000 - $9000

Schlumberger is the world's largest oilfield services company, employing more than 52,000 people operating in
more than 80 countries. Schlumberger consists of two business segments: Schlumberger Oilfield Services provides technology, project management and information solutions to the petroleum industry and WesternGeco is
one of the world's largest and most advanced surface seismic companies. The company is a leader in crucial technology, products and services that enable producers to find, develop and extract oil and gas.

Ruby Level
$5000 - $9000

Venoco is an independent energy company primarily engaged in the acquisition, exploitation and development
of oil and natural gas properties in California and Texas. Venoco operates three offshore platforms in the Santa
Barbara Channel, has non-operated interests in three other platforms, operates four onshore properties in Southern
California, has extensive operations in Northern California’s Sacramento Basin and operates fifteen fields in Texas.
8
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Thank you to the following companies for their generous contributions
and support of the Pacific Section AAPG - SEPM - SEG Annual Meeting

Sponsors

Emerald Level
$2500 - $4999

DHI Services provides oil, gas and geothermal domestic and international mud logging
along with the ability to do unmanned ROP/Gas mud logging. Additionally, DHI offers our
"DrillSense" drilling monitoring system EDR and PVT, Gas Characterization, Porosity and
Permeability Imaging, and H2S Safety Monitoring.

Emerald Level
$2500 - $4999

DCOR, LLC is an independent oil and gas producer operating platforms in State and Federal Waters offshore California.

Sapphire Level
$1000 - $2499

Petroleum Geo-Services
Deutsche Bank
PXP

Garnet Level
$500 - $1000

Rancho Energy Consultants, Inc.
Breit Burn

RANCHO ENERGY CONSULTANTS, INC.

Halliburton
Core Lab

Opal Level
$250 - $499

Petrolog, Inc.
Geolog

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Conference Committee
Organizing Committee
General Chair
Tom Hopps
General Vice Chair
Dalton Lockman
Operations Chair
Bob Ballog

Technical Program Chair
Gene Fritsche

AAPG Liaison
Pacific Section President
Don Clarke

Technical Program Committee
Program Coordinator
Gene Fritsche - AAPG/SEG
Kathie Marsaglia - SEPM

Field Trip
Coordinator
Dale Kunitomi

Poster Session
Coordinator
Bob Gray

Continuing Education
Coordinator
Bill Bilodeau

Technical Paper Awards
Coordinator
Dalton Lockman

Operations Committee
Registration Coordinators
Joan Barminski
Mike Barminski

Sponsorship Chair
Christine White
Mike Nelson

Activities Coordinator
Leni Field
John Williams

Exhibits Coordinator
Steve Grayson

Graphics Coordinator
John Minch

Publications Coordinator
Karen Blake

Food Services Coordinator
Ed Magdaleno

Outreach Coordinator
Bill Bilodeau

Finance Chair
Muriel Norton

Logo Artist
Greg Yvarra
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Highlights
Sunday • May 3
Ice Breaker Party

Enjoy a generous spread of hot and cold hors d’oeuvres at this celebration
kicking off our 2009 Convention. See old and new friends, network, make
new contacts, visit with the exhibitors and meet the AAPG officer candidates
for 2009 - 2010. Free with Registration Badge and a complimentary drink
ticket will be provided in all pre-registration packets.

5:30 PM - 8:00 PM

Monday • May 4
Exhibitor’s Happy Hour
5:00 PM - 6:00 PM

Monday • May 4
Ventura Yacht Club BBQ
6:00 PM - 9:00 PM

Tuesday • May 5
Exhibitor’s Happy Hour
Tuesday • May 5
Cinco de Mayo Celebration at the Marriott

5:00 PM - 6:00 PM

Sponsored by Coast Geological Society/Pacific Section AAPG

7:00 PM - 8:30 PM
Begin from 6-7 PM with Tequila Tasting accompanying Happy Hour in the exhibit area. Continue with our Cinco
de Mayo Buffet featuring Jicama and Orange Salad, Tacos and Fajitas and Tres Leches Cake, among other gourmet delights.
Cost: $35.00

(Price includes 2 tickets for tequila tasting, 2 soft drinks or a choice of beer or wine.)

Wednesday, MAY 6
Bye-bye Breakfast

Sponsored by Coast Geological Society/Pacific Section AAPG
Last chance to see your friends at the Convention Breakfast Buffet in the Marriott Dining Room, featuring Cooked
to order eggs, breakfast meats and breads, fresh fruit, cereal and other treats to please your palate.
7:00 AM - 9:30 AM
Cost: Free to attendees staying Tuesday night at the Marriott
Discounted to $12.00 per person for others (includes tax and gratituity) with Convention Badge
Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Luncheons
All Convention
Luncheon
“Issues Facing Domestic Oil and Gas Producers”
Los Angeles-based Occidental Petroleum Corporation (Oxy) is an international oil and gas exploration and production company and the fourth-largest
oil and gas company in the United States, based on equity market capitalization. Mr. Chazen will share his valuable perspectives on the key issues facing
oil and gas producers in the U.S.

Stephen I. Chazen
President and CFO
Occidental Petroleum Corporation

Steve Chazen is President and Chief Financial Officer of Oxy. He is responsible for the controller, tax and treasury
functions, corporate planning and strategy, acquisitions and divestitures, risk management, investor relations, oil
and gas exploration, central purchasing and information technology. In addition, he is responsible for wholly
owned subsidiary Occidental Chemical Corporation as well as Occidental Power Company.
Mr. Chazen holds a bachelor’s degree in Geology from Rutgers College, a master’s degree in Finance from the
University of Houston and a Ph.D. in Geology from Michigan State University.

Division of Professional Affairs
Luncheon
“Energy and Investment Access”
Deutsche Bank has a global presence and robust commodity research. Deutsche Bank
Commodity Services LLC is a leader in providing innovative vehicles for both institutional and individual investors to gain access to the commodity marketplace. We
have a unique opportunity to hear Mr. Rich discuss this market, access to it and why
it’s important to us.

Kevin Rich • CEO
Deutsche Bank
Commodity Services LLC

Kevin Rich is a director in the Currencies and Commodities Complex Risk Group at Deutsche Bank and chief
executive officer of DB Commodity Services LLC, which is the managing owner of several PowerShares DB
commodity and currency-based ETFs. He is responsible for providing currency and commodity-based investor
solutions to the Deutsche Bank sales force in the Americas.
Mr. Rich holds a BS in Business Administration from Taylor University in Upland, Ind., and an MBA in Finance
from the New York University Leonard N. Stern School of Business.
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Sat - May 2

9:00 PM

8:00 PM

7:00 PM

6:00 PM

5:00 PM

4:00 PM

3:00 PM

2:00 PM

1:00 PM

12:00 PM

11:00 AM

10:00 AM

9:00 AM

Event

8:00 AM

Day

7:00 AM

Conference at a Glance
FT 1 - Turbidites Campoin
FT 2 - Turbidites Schwalbach
FT 3 - Oil Seeps Wracher
Ojai Valley Bike Ride
Sun - May 3
Ventura Music Festival - Chris Botti
Registration
Exhibits & Ice Breaker
Registration
Speakers' Breakfast
Technical Oral Sessions
Mon - May 4

All Convention Luncheon
Cooking Class and Ojai Art
Exhibits / Happy Hour
VYC BBQ
Registration
Speakers' Breakfast
Technical Oral & Poster Sessions
DPA Luncheon

Tue - May 5

Exhibits / Happy Hour
Tequila Tasting
Cinco de Mayo Dinner
Pacific Surfliner to Santa Barbara
PSAAPG Executive Committee Mtg
Registration
Bye-Bye Breakfast
FT 4 - Sediment Fritsche

Wed - May 6
Educational Symposium
SC 1 - Formation Testing
SC 2 - Geo-Mechanics & Acoustics

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Technical Program at a Glance • Monday
Salon I

Salon III

Puerto Escondido

New Insights in Historic Oil
and
Gas Production Areas

New Insights into Recent
and
Past Global Climate Change

Hydrogeology
and
Engineering Geology

J. Kuespert, M. Glascock,
R. Urban & S. Hector
PSAAPG

T. Hill
PSSEPM

J. Kear, A Tabidian, &
M. Oborne
CGS

Las Brisas Ballroom
All Convention
Luncheon
“Issues Facing Domestic Oil and Gas Producers”
Energy Minerals
of the
Pacific Region

Stephen I. Chazen
President and CFO
Occidental Petroleum Corporation

Sedimentology
of the
Pacific Region

Structural Geology
and
Neotectonics

R. Ingersoll & K. Marsaglia
PSSEPM
Exploration Technology
C. Jenkins & J. Clough
EMD AAPG

14

B. Pramik & K. Baird
PCS SEG

N. Onderdonk & D. Yule
CGS

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting

Technical Program at a Glance • Tuesday
Salon I

Salon III

Puerto Escondido

Commemorating the 100th
Anniversary of the Texas
Bureau of Economic Geology

Modern Sea Floor and
Quaternary Turbidite Systems
in Honor of Bill Normark

Posters on Microseismicity,
Marine Geology, and
Sedimentology

S. Dutton
Texas BEG

J. Covault & A. Fildani
PSSEPM

R. Gray & J. Dependahl
PSAAPG • PSSEPM

Las Brisas Ballroom I
Division of Professional Affairs
Luncheon
“Energy and Investment Access”
Offshore Oil and Gas
Development Potential and
Economic Impact

Making the Link from Modern
to Ancient Turbidite Systems in
Honor of Bill Normark

Kevin Rich • CEO
Deutsche Bank Commodity Services LLC

Posters on Education,
Seismicity, Sedimentology, and
Structural Geology

T. Budden
PSAAPG
New Insights into
Marine Geology and
Oceanography
M. Legg & M. Kamerling
PSAAPG & CGS

W. Morris & B. Romans
PSSEPM

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting

R. Gray & J. Dependahl
PSAAPG • PSSEPM
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Technical Program at a Glance • Wednesday
Salon IV

Las Brisas I

Short Course

Panel Discussion:

Formation Testing
in the
21st Century

The Importance of K-12 Geology
Education
to the
Future of the Planet

Tex Boratko
Schlumberger

R. Ballog & T. Atwater
PSAAPG
No Formal Luncheon

Short Course
An Introduction
to
Geomechanics and Acoustics
Dr. Peter Kaufman
Schlumberger
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GREGORY GEOLOGICAL SERVICES
GEOLOGICAL LOGGING INC.
9229 Beatty Drive, Suite B
Sacramento, CA 95826
(916) 452-9570 Tel
(916) 952-8975 Cel
(916) 452-9573 Fax
geolog@sbcglobal.net
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Maury Campbell
Operations Manager

Glenn J. Gregory
California Professional Geologist #3676

4800 Easton Drive, Suite 101
Bakersfield, CA 93309

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting

(661) 633-5555

glenng@bak.rr.com

Monday Morning • Salon I
New Insights in Historic Oil and Gas Production Areas

Session CoChairs: Jon Kuespert, Michelle Glascock, Robert Urban, and Scott Hector
Sponsored by Pacific Section AAPG

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Technical Program • Monday Oral Session

----------------------------------------------------------------------------------------------------------------------------0820–0840
The Orcutt Oil Field: How Stratigraphic Relationships Reflect the Structural and Tectonic History
– Hummel, G. N.
-----------------------------------------------------------------------------------------------------------------------------0840–0900
Turbidites of the Repetto Formation, Ventura Avenue Field, California
– Schwalbach, J. R., Holloway, J. W., Glascock, M. R., and Harris, J. H.
-----------------------------------------------------------------------------------------------------------------------------0900–0920
Kern River Full Field Model: Reserves Estimation versus Opportunity Identification and Development
Methodologies
– Beeson, D., Blackwood, S., Engin, N., Henning, M., Hoffower, H., McNaboe, J., and Talib, A.
-----------------------------------------------------------------------------------------------------------------------------0920–0940
Effects of Steam-Induced Diagenesis on Heavy-Oil Production in Miocene-Pleistocene Sands at Kern
River Oil Field, California
– Horton, R. A., Jr., Knauer, L., Pennell, D. A., and Coodey, K.
-----------------------------------------------------------------------------------------------------------------------------0940–1000
Environmental Remediation, Ellwood Trust Property, Santa Barbara County, California
– Tracy, W.
-----------------------------------------------------------------------------------------------------------------------------1000–1020
BREAK
-----------------------------------------------------------------------------------------------------------------------------1020–1040
An Overview of the Natural Gas Production, Reserves, and Infrastructure in the Pacific Region
– Hector, S. T.
-----------------------------------------------------------------------------------------------------------------------------1040–1100
Sacramento Basin Cretaceous Exploratory Concepts; Failures and Success, “Hood-Franklin Discovery”
– Howe, J., and Cressy, F.
-----------------------------------------------------------------------------------------------------------------------------1100–1120
Take Another Look at Those Gas Shows – An Update on Infill Drilling and Workover Activities in the
Greater Willows and Grimes Fields, Northern Sacramento Basin, California
– Morrato, L. K., and Suchsland, R. J.

Monday Morning • Salon III
New Insights into Recent and Past Global Climate Change

Technical Program • Monday Oral Session

Session Chair: Tessa Hill
Sponsored by Pacific Coast Section SEPM

-----------------------------------------------------------------------------------------------------------------------------0820–0840
Carbonate Associated Sulfate as a Proxy for Lake Volume Fluctuations, Walker Lake, Nevada
– Berelson, W. M., Corsetti, F. A., Frantz, C., and Petryshyn, V.
-----------------------------------------------------------------------------------------------------------------------------0840–0900
Late Pleistocene California Droughts during Deglaciation and Arctic Warming
– Oster, J. L., Montanez, I. P., and Sharp, W. D.
-----------------------------------------------------------------------------------------------------------------------------0900–0920
Abrupt Climate Change and Millenial-Scale Oscillations in Marine Sedimentary Geochemistry at 300
and 700 ka, Santa Barbara Basin, California
– Afshar, S., Behl, R. J., Kennett, J. P., and the R/V Melville SBCore Team
-----------------------------------------------------------------------------------------------------------------------------0920–0940
Recent Studies Help Extend the Ultra-High-Resolution Global Climate Record from Santa Barbara Basin Back to Pliocene Time
– Nicholson, C., Kennett, J. P., Behl, R. J., Sorlien, C. C., and the R/V Melville SBCore Team
-----------------------------------------------------------------------------------------------------------------------------0940–1000
Orbital-Scale Cyclicity in Seismic Reflections and Sediment Character as a Climate Proxy in the PlioPleistocene Middle Pico Formation, Santa Barbara, California
– Peterson, C. D., Behl, R. J., Nicholson, C., Lisiecki, L. E., and Sorlien, C. C.
-----------------------------------------------------------------------------------------------------------------------------1000–1020
The Role of Reactive Phosphorus Regeneration in Cretaceous Oceanic Anoxic Events
– Scampavia, M. R., and Faul, K. L.
-----------------------------------------------------------------------------------------------------------------------------

New Insights into Exploration Technology

Session Chair: Colleen Barton
Sponsored by Pacific Coast Section SEG
-----------------------------------------------------------------------------------------------------------1040–1120
Reservoir Geomechanics — Implications for Reservoir Fracture Permeability and Fault Seal Integrity
– Barton, C., and Moos, D.

------------------------------------------------------------------------------------------------------------

18
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Monday Morning • Puerto Escondido
New Insights into Hydrogeology and Engineering Geology
Session CoChairs: Jordan Kear, Ali Tabidian, and Mark Oborne
Sponsored by Coast Geological Society

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Technical Program • Monday Oral Session

-----------------------------------------------------------------------------------------------------------------------------0800–0820
Sustainable Water Resource Exploration and Development: A Return to Local Supply
– Sterling, J. L., and Kear, J. L.
-----------------------------------------------------------------------------------------------------------------------------0820–0840
Hydrostratigraphy and Aquifer Characteristics of the South Las Posas Basin, Ventura County, California
– Neil, K. L., and Tabidian, M. A.
-----------------------------------------------------------------------------------------------------------------------------0840–0900
Hydrogeologic Exploitation of a Raw Water Resource from an Unconfined Aquifer at Coast Guard
Beach, San Nicholas Island, Offshore California
– Saenz, J. M., Gong, G., Zaiger, K., Vann, D., and O’Neil, T. J.
-----------------------------------------------------------------------------------------------------------------------------0900–0920
Hydrogeologic Hazards: From Piping to Large Earthquakes
– Loaiciga, H. A.
-----------------------------------------------------------------------------------------------------------------------------0920–0940
BREAK
-----------------------------------------------------------------------------------------------------------------------------0940–1000
Geologic Aspects of Strut-Overloading in Braced Excavations on the Southern Flank of the Elysian Park
Anticline, Los Angeles, California
– Roth, W., Oborne, M., Su, B., and Jensen, C.
-----------------------------------------------------------------------------------------------------------------------------1000–1020
Recent Geologic Studies along Portions of the Hollywood Fault in the Los Feliz District of Los Angeles,
California – Perry, D. L., Oborne, M., and Olson, M. G.
-----------------------------------------------------------------------------------------------------------------------------1020–1040
Multi-Temporal Landslide Hazard Assessment and Analysis Utilizing IFSAR and LiDAR in the City of
Los Angeles
– Noreen, E. D.
----------------------------------------------------------------------------------------------------------------------------1040–1100
Perspectives in Engineering Geology: Impact of the Great 1938 Flood in Southern California
– Shlemon, Roy J.
-----------------------------------------------------------------------------------------------------------------------------1100–1120
Showing of a digitally enhanced DVD of many 1938 flood scenes in Los Angeles and Orange counties
that were captured on 8-mm imagery
------------------------------------------------------------------------------------------------------------------------------

Monday Afternoon • Salon I
Energy Minerals of the Pacific Region

Technical Program • Monday Oral Session

Session CoChairs: Creties Jenkins and James Clough
Sponsored by Energy Minerals Division AAPG

-----------------------------------------------------------------------------------------------------------------------------1340–1400
Use of Image Logs for Detecting Fractures and Resolving Structure in the Monterey
– Blume, C. R., Grayson, S. T., and Carlsen, M. M.
-----------------------------------------------------------------------------------------------------------------------------1400–1420
Morphologic Expression of Gas Hydrate Growth and Accumulation within the Seafloor of the Santa
Monica Basin, Offshore California
– Paull, C. K., Ussler, W., III, Caress, D. W., and Normark, W. R.
-----------------------------------------------------------------------------------------------------------------------------1420–1440
Investigation of Microbially Enhanced Oil Recovery for Alaska North Slope Heavy Oils
– Ghotekar, A., Gerdes, K., Patil, S. L., Dandekar, A. Y., and Leigh, M. B.
-----------------------------------------------------------------------------------------------------------------------------1440–1500
Borehole Image Analysis and Geological Interpretation and Modeling of Selected Features in Well DP
27-15 at Desert Peak, Nevada: Pre-Stimulation Evaluation of an Enhanced Geothermal System
– Kovac, K. M., Lutz, S. J., Drakos, P. S., Byersdorfer, J., and Robertson-Tait, A.
-----------------------------------------------------------------------------------------------------------------------------1500–1520
BREAK
-----------------------------------------------------------------------------------------------------------------------------1520–1540
Methane Hydrate Resource Potential Associated with the Barrow Gas Fields
– Walsh, T. P., Morahan, G. T., Greet, D. N., Stokes, P. J., Panda, M., and Singh, P. K.
-----------------------------------------------------------------------------------------------------------------------------1540–1600
The Bokan Mountain U-REE Deposit, Prince of Wales Island, Alaska
– Keyser, H. J., Hanson, C. G., and Dostal, J.
-----------------------------------------------------------------------------------------------------------------------------1600–1620
The Development Path for Hydrate Natural Gas
– Johnson, A. H.
-----------------------------------------------------------------------------------------------------------------------------1620–1700
The Incredible Growth of Shale Gas — What’s Geoscience Got to Do with It?
– Jenkins, C.
------------------------------------------------------------------------------------------------------------------------------
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Monday Afternoon • Salon III
New Insights into Sedimentology of the Pacific Region
Session CoChairs: Ray Ingersoll and Kathie Marsaglia
Sponsored By Pacific Coast Section SEPM

New Insights into Exploration Technology
Session Chair: Bill Pramik and Ken Baird
Sponsored by Pacific Coast Section SEG

----------------------------------------------------------------------------------------------------------------------------------------1540–1600
Improving the Imaging Capability & Interpretability of Seismic Data through Proper Parameter Selection
– Pramik, W. B.
----------------------------------------------------------------------------------------------------------------------------------------1600–1620
An Empirical Approach to Understanding Rock Lithology and It’s Relationship to Minimum Horizontal Stresses
for Fracture Stimulation Design
– Leshchyshyn, T. H., Barba, R., Baird, K., and Beadall, K.
----------------------------------------------------------------------------------------------------------------------------------------1620–1640
Maximum-Reservoir-Contact Wells for Coal Bed Methane Exploitation
– Finn, C. M., Seely, D., and Martin, J.
----------------------------------------------------------------------------------------------------------------------------------------1640–1700
Does 3D Seismic Acquisition Impact Giant Kangaroo Rat Populations? A study in the BLM Lokern Parcel, Kern Co., CA
– Walker, C.E.B., Ashley, J., Dixon, W., and Sine, C. R.
----------------------------------------------------------------------------------------------------------------------------------------Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Technical Program • Monday Oral Session

----------------------------------------------------------------------------------------------------------------------------------------1340–1400
Sulfur and Carbon Isotopic Composition and Carbonate Associated Sulfate Concentration of Calcitic Concretions
of the Upper Cretaceous Holz Shale, Silverado, California
– Loyd, S. J., and Corsetti, F. A.
----------------------------------------------------------------------------------------------------------------------------------------1400–1420
Occurrence of Vaterite in CO2 Well Bore Gas-Rich Environments: A New Process of Carbonate Formation
– Boles, J. R.
----------------------------------------------------------------------------------------------------------------------------------------1420–1440
New Insights from Uniformitarianism Applied to Hauterivian-Barremian Organic Carbon-Rich Mudstones of
Arctic Alaska
– Keller, M. A., and MacQuaker, J. H. S.
----------------------------------------------------------------------------------------------------------------------------------------1440–1500
Lithofacies Prediction for “Linked-Debrites” in a Mud-Rich Deep-Water Setting, Onshore Eel River Basin, Northwestern California
– Greene, T. J., and Gordon, G.
----------------------------------------------------------------------------------------------------------------------------------------1500–1520
Detrital Zircons and Sandstone Petrofacies of the Sespe Formation, Southern California
– Spafford, C. D., Ingersoll, R. V., and Grove, M.
-----------------------------------------------------------------------------------------------------------------------------------------

Monday Afternoon • Puerto Escondido
New Insights into Structural Geology and Neotectonics

Technical Program • Monday Oral Session

Session CoChairs: Nathan Onderdonk and Doug Yule
Sponsored by Coast Geological Society

----------------------------------------------------------------------------------------------------------------------------------------1340–1400
Cenozoic Tectonic Evolution of the Central Sierra Nevada: Clues from Volcanic Stratigraphy
– Hagan, J. C., and Busby, C. J.
----------------------------------------------------------------------------------------------------------------------------------------1400–1420
New Maps Assessing the Potential Offshore Seismic Hazards Using High-Resolution Geophysical and Stratigraphic Records of the Santa Maria and Santa Barbara Basins, Offshore California
– Saenz, J. M., Zaiger, K., O’Neil, T. J., Vann, D., Denison, F., and Simila, G.
----------------------------------------------------------------------------------------------------------------------------------------1420–1440
Rotational Folding in the Western Transverse Ranges, California
– Onderdonk, N. W.
----------------------------------------------------------------------------------------------------------------------------------------1440–1500
Evidence for Punctuated Lateral Fault Growth in Response to Structural Inheritance: Camarillo Fold Belt
– DeVecchio, D. E.
----------------------------------------------------------------------------------------------------------------------------------------1500–1520
BREAK
----------------------------------------------------------------------------------------------------------------------------------------1520–1540
A Preliminary Report on New Evidence for the Late Miocene Growth of a Segment of the Chocolate Mountains
Anticlinorium, Southeastern California
– Ricketts, J. W., Sainsbury, J. S., Muela, K. K., and Girty, G. H.
----------------------------------------------------------------------------------------------------------------------------------------1540–1600
New Constraints on Late Pleistocene Slip across the San Andreas Fault Zone near Indio, California
– Guzman, N., and Yule, D.
----------------------------------------------------------------------------------------------------------------------------------------1600–1620
An Examination of the Surface Rupture Gap in the Landers Earthquake between Johnson Valley and Long Canyon Faults, San Bernardino County, California
– Crane, D. J.
----------------------------------------------------------------------------------------------------------------------------------------1620–1640
New Geodetic Data for Crustal Deformation in the San Bernardino Mountains and One-Dimensional Elastic Modeling of Fault Slip Rates in the Vicinity
– Velasquez, C. V., McGill, S. F., Bennett, R. A., and Spinler, J.
----------------------------------------------------------------------------------------------------------------------------------------1640–1700
Earthquake Site Amplification in Oceano, California, That May Be Related to Refraction from a Nearby FaultBounded Syncline
– Denison, F. E., and Saenz, J. M.
----------------------------------------------------------------------------------------------------------------------------------------22

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting

Tuesday Morning • Salon I
100th Anniversary of the Texas Bureau of Economic Geology
Session Chair: Shirley Dutton
Sponsored by Texas Bureau of Economic Geology

PETROLOG,INC.

J O H N T. W I L L I A M S

G e o l o g i s t , P. G . # 5 8 9 9 , P r e s i d e n t

Geological Well Logging
P. O . B O X 7 0 2 8
VENTURA, CA 93006
jtw@petrolog-geological.com

(805) 642-2847 • Fax(805) 980-5569 • Cell(805) 231-3793

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting

23

Technical Program • Tuesday Oral Session

----------------------------------------------------------------------------------------------------------------------------0800–0840
Structural Complexity in Structurally Simple Fractured Reservoirs and Reservoir Analogs: Applications
of Structural Diagenesis to Predicting and Assessing Reservoir Quality in Unconventional and Fractured
Reservoirs
– S. E. Laubach
-----------------------------------------------------------------------------------------------------------------------------0840–0920
Reservoir Quality and Pore-Type Evolution in Tertiary Wilcox Sandstones of the Northern Texas Gulf of
Mexico Coast during Burial from 0.2 to 6.6 km
– S. P. Dutton
-----------------------------------------------------------------------------------------------------------------------------0920–1000
Geology of the Mississippian Barnett Shale-Gas Play in Texas: Regional Setting, Sedimentology, and
Pore Networks
– R. G. Loucks
-----------------------------------------------------------------------------------------------------------------------------1000–1040
Risks and Benefits of Geologic Sequestration of Carbon Dioxide – How do the Pieces Fit Together?
– I. Duncan
-----------------------------------------------------------------------------------------------------------------------------1040–1120
Deltas on Mars: A Martian History of Standing Water and Moving Sediments
– L. J. Wood
------------------------------------------------------------------------------------------------------------------------------

Tuesday Morning • Salon III

Technical Program • Tuesday Oral Session

Modern Sea-Floor and Quaternary Turbidite Systems Offshore
the Western Margin of the United States in Honor of Bill Normark

Session CoChairs: Jacob Covault and Andrea Fildani
Sponsored by Pacific Section SEPM
-----------------------------------------------------------------------------------------------------------------------------0800–0820
Modern Turbidite System Depositional Patterns Revisited
– Nelson, C. H.
-----------------------------------------------------------------------------------------------------------------------------0820–0840
Morphology of a Saline Gravity-Flow Channel on the SW Black Sea Shelf from Multibeam Bathymetry,
and Preliminary Monitoring of Transiting Currents
– Hiscott, R. N., Aksu, A. E., Flood, R. D., Parsons, D. R., Peakall, J., and Mouland, D.
-----------------------------------------------------------------------------------------------------------------------------0840–0900
Pockmarks on the Modern Seafloor as Indicators of Submarine Canyon Abandonment, Offshore Equatorial
Guinea
– Jobe, Z. R., and Lowe, D. R.
-----------------------------------------------------------------------------------------------------------------------------0900–0920
Where Did They Go and How Big Were They? Latest Pleistocene-Age Catastrophic Floods and Their Deposition in the NE Pacific Ocean
– Reid, J. A., and Normark, W. R.
-----------------------------------------------------------------------------------------------------------------------------0920–0940
BREAK
-----------------------------------------------------------------------------------------------------------------------------0940–1000
Axial Channels of Submarine Canyons Off California
– Paull, C. K., Caress, D., Ussler, W., III, Lundsten, E., and Thomas, H.
-----------------------------------------------------------------------------------------------------------------------------1000–1020
The Monterey Fan Channel Turbidite Record Offshore Central California: Insights into Submarine Canyon
Processes
– Johnson, J. E., Paull, C. K., Normark, W. R., and Ussler, W.
-----------------------------------------------------------------------------------------------------------------------------1020–1040
Quaternary Turbidite Deposits Off Central California Provide Evidence of Source of Downslope-Displaced Benthic Foraminifera and Hydraulic Sorting of Playnomorphs
– McGann, M.
-----------------------------------------------------------------------------------------------------------------------------1040–1100
Sandy Turbidite Distribution Patterns and Estimated Flow Velocities in Santa Monica Basin, Southern
California Continental Borderland
– Hogan, P. J., Romans, B. W., Varnell, S., and Broughton, A.
-----------------------------------------------------------------------------------------------------------------------------1100–1120
Growth Patterns of Deep-Sea Fans Revisited: Turbidite-System Morphology in Confined Basins of the
Quaternary Borderland
– Covault, J. A., and Romans, B. W.
-----------------------------------------------------------------------------------------------------------------------------24
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Tuesday Morning • Puerto Escondido
Posters

Session CoChairs: Robert Gray and Jan Dependahl

Sponsored by Pacific Section AAPG and Pacific Section SEPM
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Technical Program • Tuesday Oral Session

----------------------------------------------------------------------------------------------------------------------------------------Booth 1
Analysis of the Microseismicity (1996-2007) of the Santa Monica Mountains and Associated Malibu Coast, Santa
Monica-Dume, and Santa Monica Bay Faults
– Green, J., and Simila, G.
----------------------------------------------------------------------------------------------------------------------------------------Booth 2
Analysis of the Microseismicity of the Salton Buttes Region
– McStroul, G., and Simila, G.
----------------------------------------------------------------------------------------------------------------------------------------Booth 3
New Insights on Active Strike-Slip Faulting in the Inner Continental Borderland, Southern California, from HighResolution Seismic Reflection Data
– Conrad, J. E., Ryan, H. F., and Sliter, R. W.
----------------------------------------------------------------------------------------------------------------------------------------Booth 4
Spatial and Temporal Evolution of Sedimentation in Santa Barbara Basin, California, from 1.0 Ma to Present
– Marshall, C. J., Sorlien, C. C., Nicholson, C., Behl, R. J., and Kennett, J. P.
----------------------------------------------------------------------------------------------------------------------------------------Booth 5
Heterogeneity and Grain Size Distribution of Slope Channel Fill, Miocene Urenui Formation, Taranaki Basin,
New Zealand
– Maier, K. L., King, P. R., and Graham, S. A.
----------------------------------------------------------------------------------------------------------------------------------------Booth 6
Tectonic Significance of a Mafic Conglomerate, North Island, New Zealand
– Bender, C., Marsaglia, K. M., Vazquez, J., Mazengarb, C., and Marden, M.
----------------------------------------------------------------------------------------------------------------------------------------Booth 7
Correlation of Physical, Mineralogical, and Organic Properties of Upper Pleistocene Lacustrine Deposits from
Redpath Paleolake, North Island, New Zealand
– Carrasco, J. E., Marsaglia, K. M., Marden, M., and Kirby, M. E.
----------------------------------------------------------------------------------------------------------------------------------------Booth 8
New Zealand’s Poverty Shelf Yields Wealth of Information on Shallow Marine Sediment Dispersal
– Parra, J. G.
----------------------------------------------------------------------------------------------------------------------------------------Booth 9
Reservoir Potential and Characteristics of Miocene to Pliocene Sandstone in the Hikurangi Forearc, North Island,
New Zealand
– Rivera, K. S., and Marsaglia, K. M.
----------------------------------------------------------------------------------------------------------------------------------------Booth 10
Deep-Water Gravity Flow Deposits of the Onshore Eel River Basin Rio Dell Formation: Log Character and NetSand Calibration
– Gordon, G. S., and Greene, T. J.
-----------------------------------------------------------------------------------------------------------------------------------------

Tuesday Afternoon • Salon I
Panel Discussion: The California Offshore-Oil &
Gas Exploration/ Development Potential and Economic Impact

Technical Program • Tuesday Oral Session

Panel Convener: Terry Budden
Sponsored by Pacific Section AAPG

-----------------------------------------------------------------------------------------------------------------------------1300–1500
The potential economic impact at local, state, and federal levels combined with environmental concerns
and political posturing lace the science and business of offshore oil and gas development with misunderstanding and public concern. In this two-hour panel discussion six (6) knowledgeable experts on the oil
and gas exploration and development potential of the California offshore basins will present their views,
address comments from other panel members, and entertain questions from the audience. Emotions may
run high in this informative, controversial, and timely discussion.
Panel Convener: Terry Budden, Independent, presenting survey results on Ken Hunter’s behalf
Panel Member: Joe Sparano, Western States Petroleum Council
Panel Member: Drew Mayerson, MMS Resource Evaluation
Panel Member: Tobe Plough, Consultant, Extended Reach Drilling Technology
Panel Member: Mark Schneap, Consulting Economist

------------------------------------------------------------------------------------------------------------------------------

New Insights into Marine Geology and Oceanography
Session CoChairs: Mark Legg and Marc Kamerling
Sponsored by Pacific Section AAPG and Coast Geological Society

-----------------------------------------------------------------------------------------------------------------------------1520–1540
Vertical Tectonic Motion at the Intersection of the Santa Cruz-Catalina Ridge and Northern Channel
Islands Platform, California Continental Borderland, Derived from Submerged Paleoshoreline
– Chaytor, J. D., Goldfinger, C., Meiner, M. A., Huftile, G. J., Legg, M. R., and Romsos, C. G.
-----------------------------------------------------------------------------------------------------------------------------1540–1600
Complex History of San Pedro Basin Fault and the Development of San Pedro Basin; Preliminary Results from High-Resolution Seismic Reflection Data
– Francis, R. D., and Legg, M. R.
-----------------------------------------------------------------------------------------------------------------------------1600–1620
Late Cenozoic Displacement along the San Clemente Fault, Offshore Southern California
– Legg, M. R., Goldfinger, C., Chaytor, J. D., and Wong-Ortega, V.
----------------------------------------------------------------------------------------------------------------------------1620–1640
Fault Trends as a High Resolution Measure of Pacific-North America Plate Evolution
– Kamerling, M. J., and Legg, M. R.
-----------------------------------------------------------------------------------------------------------------------------1640–1700
Tsunami Hazard of the State of California
– Barberopoulou, A., Synolakis, C. E., Legg, M. R., and Uslu, B.
-----------------------------------------------------------------------------------------------------------------------------26
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Tuesday Afternoon • Salon III
Making the Link from Modern to Ancient Turbidite Systems:
An Integrated Approach in Honor of Bill Normark
Session CoChairs: William Morris and Brian Romans
Sponsored by Pacific Section SEPM
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Technical Program • Tuesday Oral Session

----------------------------------------------------------------------------------------------------------------------------------------1340–1400
Comparing Modern and Ancient Turbidite Channel and Channel-Like Elements: Insight and Issues for Developing a First Principle Approach to Exploitation of Deep-Water Reservoirs
– Morris, W. R.
----------------------------------------------------------------------------------------------------------------------------------------1400–1420
Slurry Flows vs Turbidity Currents: A Key Distinction in Evaluating the Reservoir Potential of Thin-Bedded
Deepwater Sequences, Modern and Ancient
– Lowe, Donald R.
----------------------------------------------------------------------------------------------------------------------------------------1420–1440
Sediment Waves: Are They Cyclic Steps or Antidunes?
– Kostic, S.
----------------------------------------------------------------------------------------------------------------------------------------1440–1500
Allocyclicity of Sediment Volume and Composition Provide the Basis for a Predictive Model of Turbidite Channel Architectures
– McHargue, T., Clark, J., Sullivan, M., Pyrcz, M., Fildani, A., Levy, M., Posamentier, H., Romans, B. W., Covault, J. A.
----------------------------------------------------------------------------------------------------------------------------------------1500–1520
BREAK
----------------------------------------------------------------------------------------------------------------------------------------1520–1540
Characterization of the Continental Slope and Headscarp of the Palos Verdes Debris Avalanche Based on New
High-Resolution Seismic Reflection Data
– Dame, R. D., and Hogan, P.J.
----------------------------------------------------------------------------------------------------------------------------------------1540–1600Sandy Facies at ODP Site 893 in the Santa Barbara Basin and Implications of Proposed Drilling by the Integrated
Ocean Drilling Program
– Marsaglia, K. M., Behl, R. J., and Escobedo, D.
----------------------------------------------------------------------------------------------------------------------------------------1600–1620
Observations from Modern Channel-Levee Systems and Their Utility for Interpretation of Ancient Levee Systems
in the Cerro Toro Formation (Cretaceous), Chile
– Campion, K. M.
----------------------------------------------------------------------------------------------------------------------------------------1620–1640
Wine-Making Conversations About Where Have All the Humongous Deposits of Oceanic Turbidite Systems
Gone?
– Scholl, D. W., and Normark, W. R.
----------------------------------------------------------------------------------------------------------------------------------------1640–1700
Memorial Tribute to Bill Normark
– Covault, J. A., Fildani, A., Morris, W. R., and Romans, B. W.
-----------------------------------------------------------------------------------------------------------------------------------------

Tuesday Afternoon • Puerto Escondido
Posters

Technical Program • Tuesday Poster Session

Session CoChairs: Robert Gray and Jan Dependahl
Sponsored by Pacific Section AAPG and Pacific Section SEPM

----------------------------------------------------------------------------------------------------------------------------------------Booth 1
The CSUN and LAUSD Collaborative Partnership for 6th Grade Earth Science Teacher Professional Development
– Simila, G., Hicks, D., and McDonnell, D.
----------------------------------------------------------------------------------------------------------------------------------------Booth 2
Seismic Strong Motion Array Project (SSMAP) to Record Future Large Earthquakes in the Nicoya Peninsula
Area, Costa Rica
– Lafromboise, E., Simla, G., McNally, K., and Quintero, R.
----------------------------------------------------------------------------------------------------------------------------------------Booth 3
Super-High Resolution Seismic-Reflection-Based Analysis of the Late Pleistocene-Holocene Highstand, Active
Newport Channel and Its Distributaries, Southern California Borderland
– Temeng, A. F., Paull, C. K., Covault, J. A., Ryan, H., Sliter, R., Caress, D., and Graham, S. A.
----------------------------------------------------------------------------------------------------------------------------------------Booth 4
Tectonic Influence on the Generation of Cyclic Steps by Turbidity Currents Offshore San Mateo Point, Southern
California Borderland
– Ryan, H. F., Covault, J. A., Lee, H. J., Paull, C. K., and Caress, D. W.
----------------------------------------------------------------------------------------------------------------------------------------Booth 5
Variation in Deep-Water Channel Features: High-Resolution Images from the Lucia Chica, Offshore Central California
– Maier, K. L., Fildani, A., Paull, C. K., Normark, W. R., McHargue, T., Graham, S. A., Caress, D. W., and McGann, M. M.
----------------------------------------------------------------------------------------------------------------------------------------Booth 6
Stratigraphic Context of the Early Cretaceous Goldstein Peak Unit, West-Central Sierra Nevada Batholith, California
– Clemens-Knott, D., and Martin, M. W.
----------------------------------------------------------------------------------------------------------------------------------------Booth 7
The Great Wisconsinan Ice Age Mudflows of the Southern California Coast
– Colburn, I. P., and Korm, S.
----------------------------------------------------------------------------------------------------------------------------------------Booth 8
Geochemical and Preliminary Sedimentological Analysis of Phosphorites from Togo, West Africa
– Rezaie Boroon, M. H., Ramirez, P., and Gnandi, K.
----------------------------------------------------------------------------------------------------------------------------------------Booth 9
Re-Evaluating the Age of Quaternary Conglomerate in the Ojai Valley of the Ventura Basin: Implications for the
Tectonic Evolution of the Western Transverse Ranges
– Heermance, R. V.
----------------------------------------------------------------------------------------------------------------------------------------Booth 10
Sequential Paleogeographic Models of the San Andreas Fault System ~70 to ~2 Ma
– Burnham, K.
----------------------------------------------------------------------------------------------------------------------------------------28
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Wednesday Morning • Las Brisas I
Educational Symposium:
The Importance of K-12 Geology Education
to the Future of the Planet

-----------------------------------------------------------------------------------------------------------0800-1200

With the increasing importance of climate change, water conservation, increasing awareness of potential natural disasters, and the increasing environmental consciousness we are seeing, it is imperative that we train more earth scientists to be able to confront and address these problems. Current estimates show that the number of graduating geoscientists is falling not rising.
Currently, in the state of California, the earth sciences are being relegated to secondary status in
the science curriculum. In many districts earth science is not taught as a college prep course. The
PSAAPG is concerned about this trend and this panel is assembled to bring our views to the forefront and discuss alternatives with state educators. We hope to have representatives from the State
Board of Education, Ventura County Office of Education, university professors, K-12 teachers, and
professional geoscientists gathered to brainstorm ideas and approaches to solving this problem.
All interested earth scientists, teachers, and administrators are invited to attend and participate in this session. Pass this along to colleagues who are not PSAAPG members and urge them to attend.
Panel Convener: Bob Ballog, Geologist, Eagle Exploration and Production Company, Inc.
Panel Convener: Tanya Atwater, Geology Professor Emeritus, UC Santa Barbara
Panel Member: Don Clarke, Consultant, Pacific Section AAPG President
Panel Member: Gerry Simila, Geology Professor, California State University, Northridge
Panel Member: Karen Blake, Geologist, Hobby Energy
Panel Member: Rick Woodson, Coordinator, Taft Oil-Technology Academy
Panel Member: John Parrish, State Geologist, California
Panel Member: Eldridge Moores, Professor Emeritus, UC Davis
------------------------------------------------------------------------------------------------------------------------------
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Technical Program • Wednesday Oral Sessions

Panel Conveners: Bob Ballog and Tanya Atwater
Sponsored by Pacific Section AAPG

Wednesday Morning • Salon IV
Short Course 1
Formation Testing in the 21st Century
Instructor: Tex Boratko
Sponsored by Coast Geological Society

Technical Program • Short Courses

-----------------------------------------------------------------------------------------------------------0800-1130
FEE: $45.00

When was the last time you ran a wireline formation test? A lot has changed since then.
This course gives an overview of the fundamentals of pressure and fluid test techniques and data interpretation.
It covers the evolution of wireline test tools up to the present generation including tools optimized for fractured
reservoirs (including Monterey), pressure test tools optimized for tight reservoirs (including Diatomite), and a
cased hole tool that drills a hole in the casing, tests the zone, and then plugs the hole.
It will provide you with the basics of which tool configuration to run, how to pick the best zone to test, how
long to stay on each test, how to quality control the data, and how to interpret the data in the field.
Case studies will be presented showing the value of test data in single wells and field development projects.
Instructor Tex Boratko is the US Land Reservoir Domain Champion for Schlumberger Wireline. In this role he
is involved with Schlumberger’s Wireline pressure testing, fluid sampling, and formation coring tools. He has
been with Schlumberger for 29 years, starting as a Wireline field engineer in 1980 after graduating with a Bachelors Degree in Mechanical Engineering from Northeastern University in Boston. Tex’s field work consisted of
Wireline logging throughout California, Oregon, Nevada, and Washington state. Since then he has held various
interpretation, sales, and management positions with Schlumberger in California, the Rockies, and the Gulf
Coast. Tex is a member of the SPE, AAPG, and SPWLA.

------------------------------------------------------------------------------------------------------------
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Wednesday Afternoon • Salon IV
Short Course 2
An Introduction to Geomechanics and Acoustics
Instructor: Dr. Peter Kaufman
Sponsored by Coast Geological Society

Outline:
• Introduction to Geomechanics – Basic Concepts (1.5 hours)
• Applications of acoustic anisotropy to geomechanics (1 hour)
• Advanced applications of acoustics and geomechanics (1 hour)
• Fracture-induced sonic anisotropy – The link between image and sonic logs
• Mechanical Earth Modeling – 1D Modeling
• 3D Mechanical Earth Modeling – Coupling of geomechanics with fluid flow
Abstract:
Geomechanics, the applied study of the mechanical behavior of rock, is important throughout the life of a field, from discovery
to abandonment. An understanding of the mechanical properties, pore pressure, and the stress state in the earth can help guide
decisions from drilling and well placement to pore pressure prediction to completion optimization. A better understanding of
the sources and applications of geomechanical data can enable a geoscientist to make better field development decisions that
can result in large cost savings and increased revenue.
This short course will begin with an overview of basic concepts of geomechanics, covering the basics of stress and strain, mechanical properties of rocks, and failure mechanisms. Geomechanical data sources will be described, with an emphasis on log
and core measurements.
Following the introduction to geomechanics, we will discuss how these mechanical properties can be determined from acoustic
logs, with particular attention to how anisotropy (azimuthal and layering) plays an important role in the mechanical characterization of geologic formations. An emphasis will be placed on how the mechanical properties of the formation impact stimulation and production.
The final third of the course will be dedicated to advanced applications of acoustics and geomechanics, relating natural fractures
to acoustic anistropy, describing the process for building a 1D mechanical earth model, and showing how to integrate 3D geomechanics with reservoir simulation to predict how production will impact rock properties and the stress state within the earth
and what impact these changes will have on field performance.
Throughout the course, numerous case study examples will be shown to reinforce the geomechanical concepts.
Dr. Kaufman started his professional career in 1995 with the Basin Modeling Team for Amoco E&P in Houston, providing
basin modeling technical support for exploration teams evaluating acreages in Trinidad, Venezuela, China, and Canada. In
1998, he joined Schlumberger-Doll Research researching workflows and software to capture and utilize geological outcrop
analogs of faulted and fractured reservoirs. After a two-month secondment to Schlumberger's Abingdon Software center in
2001, Dr. Kaufman turned his research focus to modeling fault and fracture properties in reservoir simulation. He authored the
requirements and specifications for the Fault Property Calculator module for FloGrid and Petrel and developed an ECLIPSE
simulation approach for unstructured gridding of fractured reservoirs. In 2005, Dr. Kaufman moved to Schlumberger's Data
& Consulting Services group in Pittsburgh, where he worked primarily on reservoir geomodeling of gas storage projects and
characterization of fracturing in emerging shale gas plays until 2007. In 2007 Dr. Kaufman moved to his current position as
the technical lead, Geomechanics for US Land West based in Denver. Dr. Kaufman holds a Ph.D. from MIT in Geology and
Geophysics and advanced courses in Petroleum Engineering from the University of Texas, Austin.
------------------------------------------------------------------------------------------------------------------------------------------------------Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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Technical Program • Short Courses

-----------------------------------------------------------------------------------------------------------------------------1300-1630
FEE: $45.00

Saturday • Ventura Beach Marriott
Field Trip 1
Cretaceous and Eocene Turbidite Systems
in the Transverse Ranges

Technical Program • Field Trips

Leaders: Kirt M. Campion (Marathon Oil Company) and Morgan D. Sullivan (Chevron Oil Company)
Sponsored by San Joaquin Geological Society

-----------------------------------------------------------------------------------------------------------------------------0800-1700
Fee: $60.00 ($30.00 Students)
Limit: 30
Depart: Ventura Beach Marriott
Fees include transportation, guide book and lunch.
Cretaceous and Eocene turbidite systems in the Transverse
Ranges have been used as models for different types of
deep-water fans over the past four decades. Cretaceous
rocks at Wheeler Gorge are likely part of a levee-channel
complex that includes 100 meters of gravel-rich turbidites
that fit within levee-confined channels and 200 meters of
very thin-bedded mudstone and siltstones that are likely
part of a levee/overbank. In this interpretation, the depositional setting for these Cretaceous rocks is probably on the
slope.

Thickening-upward

In contrast, Eocene turbidites within the Matilija Formation
have been interpreted as part of a prograding, sandstonerich, basin floor fan that has a lower lobe facies and an upper channelized facies. Alternative interpretations place these rocks in part of a prograding fluvial-dominated delta system. Stacked, thickeningupward, sandy turbidite (Tab) beds are abundant and form lenticular to tabular bedsets that total 400 m in
thickness.
------------------------------------------------------------------------------------------------------------------------------
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Sunday • Ventura Basin Turbidites
Field Trip 2
PLIOCENE TURBIDITES OF VENTURA BASIN:
CORE WORKSHOP AND FIELD TRIP
Leaders: Jon Schwalbach (Aera Energy LLC), Don Miller (Vintage Production
California LLC), and Jon Rotzien (Stanford University)
Sponsored by Pacific Section, Society of Sedimentary Geology

Morning coffee/refreshments are provided by Core Lab.
BBQ lunch provided by Halliburton.
Carpool arrangements made at the conclusion of core viewing. Directions provided prior to field trip.
Take advantage of a unique opportunity to spend a day with the
deep-water clastics of the Pico and Repetto Formations in the
Ventura Basin. In the morning session, cores from 4 wells in
the Ventura Avenue Field will be on display in the historic Shell
Clubhouse. These rocks are major reservoirs in many of southern California's most prolific hydrocarbon systems. Observations and discussions will highlight depositional aspects of these
rocks, enabling us to compare reservoir properties of high and
low concentration flows. After a BBQ lunch, we will take a short
drive to San Miguelito Field, known for its spectacular coastal
views and world-class outcrop analogs of the subsurface reservoirs. The outcrops contain excellent exposures of sedimentologic features including Bouma turbidite elements, graded beds, and amalgamated
and truncated surfaces. Larger-scale exposures display vertical sequences, stacking patterns, and lateral
geometries.
------------------------------------------------------------------------------------------------------------------------------

Vintage Production California LLC
A Subsidiary of Occidental Petroleum Corporation
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Technical Program • Field Trips

-----------------------------------------------------------------------------------------------------------------------------0830-1600
Fee: $50.00 ($15.00 Students)
Limit: 45
Transportation: Private Vehicle
Meeting Location: Shell Clubhouse

Sunday • Santa Barbara Harbor
Field Trip 3
Seep Tour, Geology, and Whale Watching:
Santa Barbara Channel—Coal Oil Point Area, California

Technical Program • Field Trips

Leaders: Mike Wracher (Venoco) and Mike Edwards (Venoco)
Sponsored by Los Angeles Basin Geological Society

-----------------------------------------------------------------------------------------------------------------------------0830-1230
Fee: $25.00 adults/ $15.00 kids under 12
Limit: 75
Depart: Sea Landing
Fees include boat trip and morning refreshments. Directions provided prior to field trip.
The marine hydrocarbon seeps near Coal Oil point, Santa Barbara, California are the second largest in the world.
The seeps are leaking around 100 - 200bop/d and about 5 mmcf/d, that is entering the water column and polluting the atmosphere. Historically, the native Chumash used tar from the seeps to waterproof baskets and bowls as
well as to seal their ocean-going, plank canoes. The iridescent hue on the ocean was first described by westerners when Spanish explorer, Juan Rodriguez Cabrillo sailed into the area in 1542. More recently, tar washing up
on the beaches in southern California, is mistakenly attributed to the oil industry and to the platforms that are
visible from the shore. Since the blowout in 1969 that dumped an estimated 50,000 barrels into the ocean, the
offshore production facilities in California have produced
more than 1 billion barrels of oil with about 875 barrels
spilled. That is less than the volume that seeps each week
around Coal Oil Point.
Just a couple miles from the coast, the La Goleta seeps
overlie the Monterey reservoir that makes up the South
Ellwood field. Hydrocarbons filling this accumulation,
estimated at 2.1 billion barrels, leak through faults and
fractures in the 3,000’ of overburden to escape from the
sea floor. In fact, pressure monitoring indicates an almost
direct connection between the reservoir and the ocean
through these fault zones. We will begin the tour with a
review of the geology of the seeps while in the Santa Barbara harbor, and then cruise along the near shore observing the exposed strata in the coastal bluffs. The Condor Express is a double-hulled, hydrofoil assisted whale
watching boat with a top cruising speed of about 28 knots. Along the way we may see dolphin, migrating Gray
whales and their calves, along with unique views of Hope Ranch, More Mesa and UCSB.
As we approach Coal Oil Point, we’ll begin to see the various, charted seeps that are identified by the gaseous
emissions and the sheen from associated liquids. You can visit www.bubbleology.com beforehand to see some of
the on-going research. We will also make a close trip around Platform Holly, which was set in 1966 by Arco and
where the Monterey was first ‘discovered’.
We’ll then have a couple hours for whale watching, which may include Gray whales that are migrating from the
Sea of Cortez up to Alaska, Humpbacks that spend the summer months in the Santa Barbara Channel and, if we’re
lucky, the early arrival of the largest creature on earth, the Blue whale. Based on ocean conditions, we could cross
the Channel in search of whales which would also afford us a look at the geology of the Channel Islands.
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Wednesday • Ventura Beach Marriott
Field Trip 4
UNIQUE TERTIARY SEDIMENTARY ENVIRONMENTS
IN THE TRANSVERSE RANGES
Leaders: Gene Fritsche (Emeritus, California State University, Northridge) and
Tony Reid (Vintage Production California LLC)
Sponsored by Coast Geological Society

Are you interested in seeing something a little out of the ordinary; something you may not have seen
before? This field trip is designed to show you something a little unique and different in the realm of sedimentary rock environments. The rocks to be investigated are along Sespe Creek in the Transverse Ranges
north of Ventura.
At Piedra Blanca, the lower Miocene Vaqueros Formation contains a thick, light gray, arkosic sandstone
unit that consists of thick sets of climbing, tabular and wedge-shaped cross beds. This sandstone is interpreted as having been deposited in a shallow, submarine dune field.
At Howard Creek, a sandstone tongue of the upper Eocene Cozy Dell Shale interfingers with the main
shale along a delta front environment. Five overlapping parasequence delta front lobes are exposed in the
cliffs along Sespe Creek.
Near Beaver Camp, a sandstone lens in the Cozy Dell Shale contains large-scale wavy bedding with wave
amplitudes in the tens of meters. Smaller sedimentary structures within the wavy beds include convolute
bedding, ripples and ripple bedding, and hummocky cross stratification. This unit is attributed to sand
deposition on the shelf during runoff following a storm surge.
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TechnicalProgram
Program •• Field
Technical
FieldTrips
Trips

-----------------------------------------------------------------------------------------------------------------------------0800-1700
Cautionary note: This trip involves a total
Fee: $60.00 ($30.00 Students)
walking distance of 4 miles, on trails and
Limit: 40
cross country. Participants need to come
Depart: Ventura Beach Marriott
prepared with a spare pair of footwear suitable for wading across a rocky stream bed.
Fees include transportation, guidebook and lunch.

Guest Activities
Sunday • May 3
Ojai Valley Bike Ride
Join us on a 37 mile round trip bike ride to Ojai on the scenic Ventura to Ojai Valley Bike Trail. We’ll ride by
reminders of past oil fields and orange orchards on a paved, mostly flat bike path on our way to lunch in one of
Ojai’s delightful restaurants. There will be time to explore before our return on the same route.
Bike rentals are available or you can bring your own bike. Helmets are required and can be rented.
Rental bike limit: 20 (Separate bike rental fee)
Trip Fee: $25.00 includes shuttle, lunch and tips
Depart by shuttle from Marriott at 9:00 a.m.; Returns at 3:00 pm.
Leader: Leni Field
Sponsor: Coast Geological Society/Pacific Section AAPG.

Sunday • May 3
Ventura Music Festival
If you like Jazz, you may want to take in Chris Botti in a rare outdoor performance at the Ventura College Green
before the Pacific Section Convention Ice Breaker. Jazz trumpeter Chris Botti started playing at the age of ten, and
began performing professionally while still in high school. After studying at the prestigious Indiana University
music program, Botti relocated to New York, swiftly emerging as a highly regarded session player on recordings
by Bob Dylan, Aretha Franklin, and Paul Simon. A featured soloist in Sting’s “Brand New Day” world tour, he
has also recorded numerous top 40 hits.
If you wish to include this event please contact Ann Bevans (Ventura Music Festival) at 805-648-3146 or awb@
venturamusicfestival.org by April 27, 2009. Use group code Pacific Section A ~ AAPG to receive a 10% discount
on admission of $30 or $45, or purchase undiscounted ticket at concert.
Depart Hotel at 1:15 pm by shuttle or car pool to Ventura College. Concert begins at 2:00 pm, return
by approximately 4:30 pm in time for icebreaker.
Sponsor: Coast Geological Society/Pacific Section AAPG.
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Guest Activities
Monday • May 4
Cooking Class and Ojai Art
Come cook with us and celebrate the “spirit of the table” at the Ojai Culinary Studio. With the talented, gracious
Chef Nancy, sip local wines and enjoy a hands-on cooking class and Mediterranean lunch using local food resources and ingredients from the school’s kitchen garden. A talk and tasting of Ojai Olive Oils will be part of this
memorable event. A tour of lovely downtown Ojai and a local artist studio will be included.
Limited to 20 guests.
Cost: $60.
Carpooling will depart from the hotel at 9:30 am and return by 3:00 pm.
Organizers: Lydia Hopps and Leni Field
Sponsor: Coast Geological Society/Pacific Section AAPG

Monday • May 4
BBQ dinner at the Ventura Yacht Club
Enjoy a delicious Central Coast Barbecue prepared by VYC Chef Jose Rodriguez
while relaxing with friends and taking in fantastic views of Ventura Marina and our
mountains. Includes dinner and no-host cash bar; from 6-9:30 PM.
Cost: $35.00/person includes the BBQ and two soft drinks or a choice of beer or wine.
Car pool or at 5:45 PM take shuttle (very limited space) to the Yacht Club, about 3
miles. Directions to the Ventura Yacht Club will be provided with your tickets.
Sponsor: Coast Geological Society/Pacific Section AAPG.

Tuesday • May 5
Pacific Surfliner to Santa Barbara
See the beautiful California coast from the train. Wear your walking shoes for
this day of shopping, eating and site seeing with the group or on your own in
Santa Barbara. Explore the Urban Wine Trail and choose from world famous
restaurants along State Street or dine on the historic Stearns Wharf overlooking
the surf and the Santa Barbara Yacht Harbor.
Trip Fee: $20.00 includes shuttle and train; lunch and shopping not included.
Depart Marriott by shuttle at 9:00 AM, spend 3 ½ hours in Santa Barbara, and return by 3 PM.
Sponsor: Coast Geological Society/Pacific Section AAPG.
Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting
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AFSHAR, S., California State University, Long Beach, CA, afshar_sara@yahoo.com , BEHL, R. J., California State University, Long Beach, CA, behl@
csulb.edu, and KENNETT, J. P., University of California, Santa Barbara, CA,
kennett@geol.ucsb.edu, and the R/V Melville SBCore Team

risk areas of the State with large populations and limited evacuation options to help
identify “safer” areas for emergency planning.
BARTON, C., cbarton@geomi.com, and MOOS, D., dmoos@geomi.com, both
authors GeoMechanics International, Menlo Park, CA

ABRUPT CLIMATE CHANGE AND MILLENIAL-SCALE OSCILLATIONS IN MARINE SEDIMENTARY GEOCHEMISTRY AT 300 AND 700
ka, SANTA BARBARA BASIN, CALIFORNIA

RESERVOIR GEOMECHANICS — IMPLICATIONS FOR RESERVOIR
FRACTURE PERMEABILITY AND FAULT SEAL INTEGRITY

Millennial to decadal oscillations in stable isotopes, Total Organic Carbon (TOC)
and CaCO3 have been discovered in two ~300 ka and ~700 ka cores from Santa
Barbara Basin (SBB). These cores provide short, stratigraphic “windows” that
permit study of abrupt paleoceanographic and paleoclimatic change further back
in time than previously investigated at ultra-high resolution. The cores, acquired
in 2005, were analyzed at 1-2 cm resolution (~10-20 yr). Both cores record climate oscillations represented by sea-surface temperature changes of similar
magnitude and abruptness to the Dansgaard-Oeschger events of Marine Isotopic
Stage 3 (MIS 3). Like MIS 3, interstadials are laminated, whereas stadials are bioturbated. Onset and termination of interstadials occurred in <100 yrs or slightly
longer. TOC variations correlate strongly and positively with temperature and
inversely with sediment density. The relation between TOC and laminated sediment differs from MIS 3 in that persistent laminations occur only when average TOC exceeds 1.5%, suggesting the necessity of a quantifiable threshold in
organic matter flux and oxygen utilization for preservation of varved sediments.
Unlike TOC, %CaCO3 correlates poorly with climate or sedimentary fabric.
A termination-scale, cold-to-warm transition at ~300 ka shown by oxygen isotopes
consists of a series of sawtooth-like steps in which temperature and TOC increase
while carbonate decreases. In the ~700 ka core, changes in TOC correlate with
periodic ~1200-yr climate oscillations of consistent isotopic magnitude, in contrast
to the “Bond Cycle” structure of decreasingly strong interstadials in MIS 3. Both
TOC and sea surface temperature exhibit sawtooth patterns.
In general, variations in TOC (0.5-2.8%) are much less than carbonate (0-15%).
Although CaCO3 exhibits some covariation with TOC, sedimentary fabric, or oxygen isotopes, it’s inconsistent behavior questions it’s value as a productivity proxy
in SBB, and instead highlights the need for other productivity proxies such as biogenic opal or trace element geochemistry.
BARBEROPOULOU, A., University of Southern California, Los Angeles,
CA, barberop@usc.edu, SYNOLAKIS, C. E., University of Southern California, Los Angeles, CA, costas@usc.edu, LEGG, M. R., Legg Geophysical,
Huntington Beach, CA, mrlegg@verizon.net, USLU, B., NOAA Pacific Marine Environmental Laboratory, Seattle, WA, burak.uslu@noaa.gov
Tsunami Hazard of the State of California
Following the global impact of the 2004 Indian Ocean tsunami, California faced
a challenging tsunami warning (June 14, 2005) and a relatively small tsunami
that caused extensive damage in Crescent City harbor (November 15, 2006) that
served as a wake-up call that the tsunami threat is not well understood for many
coastal communities. These incidents attracted new attention to tsunami scientists and emergency managers who demanded a more systematic, consistent, and
efficient response system (Synolakis and Bernard, 2006; Bernard et al., 2006).
The present mapping collaboration between the USC-Tsunami Research Center,
Office of Emergency Services, and the California Geological Survey includes 35
separate areas that cover the most important ports, harbors, coastal urban centers,
and popular recreational areas in California. This new tsunami inundation mapping effort is in its final phase with inundation map production to be completed by summer of 2009. We note that the first generation of inundation maps for
California State emergency management was based on more conservative "worst
case but realistic scenarios" (Synolakis et al, 2002), which reflected the understanding of offshore hazards pervasive ten years ago. New local tsunami sources previously unaccounted for, add complexity to hazard studies for California.
Further developments in tsunami modeling made it possible to investigate the effect of a wider variety of far field tsunami sources on different parts of the State.
The availability of high-resolution bathymetric and topographic data allows for
further insight into the vulnerability of ports, harbors, and other open water bodies
significant for the state economy. Recent field work and numerical simulations
show that using higher resolution relief data may also help evacuation plans to
become more efficient when time is very limited. Additional work remains in high-
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A field-specific geomechanical model serves as a platform for dramatically reducing costs and increasing production over the life of a field. The information contained in a geomechanical model makes it possible to reduce drilling costs and
production losses through field-wide well planning that can optimize production
and minimize risk. A significant value of the geomechanical model is its application to the efficient exploitation of fractured and faulted reservoirs.
A growing body of evidence reveals that in many fractured reservoirs the most
productive fractures are those that are optimally aligned in the current stress field
to fail in shear. Thus, it is necessary both to obtain knowledge of the stress magnitudes and orientations and of the distribution of natural fractures to determine the
optimal orientations for wells to maximize their productivity. The best well intersects the maximum number of stress sensitive fractures. Applying geomechanics
and the reservoir fracture distributions to model shear-enhanced permeability as
the mechanism for reservoir production appears to be a promising improvement to
existing reservoir flow models.
Fault-trap integrity is also strongly influenced by the state of stress resolved on
reservoir bounding faults. The ability of a fault to support a hydrocarbon column is
influenced by the principal stress directions and magnitudes, and by fault geometry.
Through careful construction of a geomechanical model the risk of encountering
breached reservoirs in exploration and appraisal wells can be quantified.
BEESON, D., dalebeeson@chevron.com, BLACKWOOD, S., s.blackwood@
chevron.com, ENGIN, N., nilay.engin@chevron.com, HENNING, M.,
markh@chevron.com, HOFFOWER, H., heidi.hoffower@chevron.com, MCNABOE, J., gmcnaboe@chevron.com, TALIB, A., abdulta@chevron.com, all
authors Chevron, Bakersfield, CA
KERN RIVER FULL FIELD MODEL: RESERVES ESTIMATION VERSUS OPPORTUNITY IDENTIFICATION AND DEVELOPMENT METHODOLOGIES
California’s Kern River field is employing a full field 155 million cell 3D model
to support a combination of fit for purpose base business reservoir management
solutions. This full field model drives reserves estimation as well as the identification and development of remaining resources to reserves opportunity queues.
Normalized resistivity logs from over 12,000 wells establish the reservoir architecture while temperature, steam gas, and oil saturation logs from over 600 boreholes
provide regular surveillance for identifying changes in fluids and temperature.
The integration of these data provides the basis for linked reserves and resource
estimation and the identification and development of remaining opportunities.
Kern River reserves and resources are estimated from the model for 120 internal reporting entities. For asset reservoir management purposes, reserves are updated into
a “reserves tool” for over 160,000 pattern/zone/reserves entities across the 12 square
mile field. The reserves tool volumes supply input to reserves distribution maps and
spreadsheets used for evaluating workover and new development opportunities.
Some of these opportunities represent heat mining of untapped hot oil zones while
other opportunities are cold and require the introduction of steam to mobilize the oil.
In addition to mapping and spreadsheeting of modeled reserves data, another
powerful tool has come from inputting reservoir property combinations into the
full field model as filter criteria for identifying remaining opportunities. For example, reservoir volumes containing hot moveable oil below steam zones in nonproducing areas can be quickly and efficiently identified and prioritized with this
method. This has helped lead to the success of our current fieldwide horizontal
infill drilling program which pursues geobodies based on these filtering criteria.
Over the past 2 years, the Kern River full field model has become an integral part
of our reservoir management processes.
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BENDER, C., California State University, Northridge, CA, cvbw9684@csun.
edu, MARSAGLIA, K. M., California State University, Northridge, CA,
Kathie.marsaglia@csun.edu, VAZQUEZ, J., California State University,
Northridge, CA, jvazquez@csun.edu, MAZENGARB, C., Mineral Resources
Tasmania, cmazen@mrt.tas.gov.au, and MARDEN, M., Landcare Research,
New Zealand, Mardenm@landcareresearch.co.nz
TECTONIC SIGNIFICANCE OF A MAFIC CONGLOMERATE, NORTH
ISLAND, NEW ZEALAND
Localized outcrops of Miocene mafic conglomerate (Ihungia) occur near the frontal thrust of the West Coast Allochthon on the East Cape of North Island, New
Zealand. At its northernmost extreme the thrust-based allochthon contains a Cretaceous ophiolitic section and Cretaceous to lower Miocene sedimentary units. The
ophiolite is thought to have been emplaced during a complex reorientation of the
subduction zone during Miocene time. The Ihungia Formation lies ~70 km north of
the outcrops of ophiolite. Conglomerate clasts are predominantly equant to prolate
(roller) in shape, suggesting at least a component of fluvial transport. Pebble counts
reveal the conglomerate to be composed of approximately 60% mafic volcanic
rocks, 30% intermediate to mafic plutonic/hypabyssal rocks, and 10% sedimentary
rocks. Associated sandstone contains clasts of volcanic, plutonic, and amphibolite
lithologies as well as detrital serpentine. The igneous clasts are predominantly calcalkaline and tholeiitic basaltic andesite and gabbro. Their major and trace element
composition are consistent with mafic to intermediate magmas that are generated
in backarc basins or other suprasubduction settings.
BERELSON, W. M., berelson@usc.edu, CORSETTI, F. A., fcorsett@usc.edu,
FRANTZ, C., cfrantz@usc.edu, and PETRYSHYN, V., petryshy@usc.edu, all
authors University of Southern California, Los Angeles, CA
CARBONATE ASSOCIATED SULFATE AS A PROXY FOR LAKE VOLUME FLUCTUATIONS, WALKER LAKE, NEVADA
Closed-basin lakes can undergo significant volume changes in response to climate
change, and thus constitute excellent systems to investigate past climate change.
Various approaches are used to estimate paleo-lake level and volume (18O, “shoreline” tufa dating, biotic proxies, etc.), and all carry certain caveats that limit their usefulness. Ultimately, the relationship between the chemistry of the lake, the volume
of the lake, and the response of the proxy will determine how well a proxy serves a
paleolimnologic purpose. Here, we propose the use of carbonate associated sulfate
(CAS), the sulfate contained within the lattice of carbonate minerals that precipitate
in lake water, as a proxy for lake water chemistry and by extension, lake volume.
Walker Lake, an alkaline closed-basin lake in western Nevada, has experienced
a well-documented lake level decline since 1880 and provides a test case for
CAS as a lake level proxy. Sulfate acts conservatively with changing lake volume. By extracting the CAS from sedimentary carbonate and tufas that have been
age dated, we can relate CAS values to lake sulfate content based on historical
or other proxy data. We confirm that CAS tracks lake sulfate. Our study of sedimentary carbonates demonstrates that CAS is a linear function of lake sulfate
through a range of 10-25 mM, which corresponds to a change in lake level of 30 m.
As confirmation of the CAS technique, we analyzed a stromatolitic tufa dated via
AMS 14C. The CAS trend in the stromatolite suggested that it grew during a lake level decline, a result consistent with other proxy data. In addition, we applied the CAS
technique to stromatolites from the Green River Formation, Wyoming, a well-known
Eocene lake system. If applicable, our results suggest the Green River stromatolites
grew in lake water with ~1.5 mM sulfate, significantly lower than Walker Lake.
BLUME, C. R., Schlumberger, Bakersfield, CA, cblume@slb.com, GRAYSON, S. T., Schlumberger, Ventura, CA, grayson1@ventura.oilfield.slb.com,
and CARLSEN, M. M., Venoco, Carpinteria, CA, mcarlsen@venocoinc.com
USE OF IMAGE LOGS FOR DETECTING FRACTURES AND RESOLVING STRUCTURE IN THE MONTEREY
The Monterey Formation in California is a prolific producer from fractured systems and is often structurally complex. Resisitivity image logs are very useful in
identifying and understanding the structure and fractures in the Monterey. Detailed
analysis of the bedding dips are interpreted and are displayed in Strucview which is
a model for displaying the structure and faulting of the bedding dips along the well
path in a 2D cross section. Examples of fractures observed in resistivity image logs
include open and healed natural fractures and drilling induced fractures. Valuable

information obtained from the interpretation includes fracture location, orientation,
type (i.e. open or healed), and classification (i.e. lithologically bound, continuous,
or partial). Detailed interpretation by hand picking the discrete fracture traces with
borehole images that are calibrated to a known resistivity allows you to quantify fracture attributes (i.e. aperture, porosity, density, and trace length) from them. The behavior and occurrence of the fractures observed in borehole images can be compared
with fractures observed in Monterey outcrops. Methods used to analyze interpreted
data include stereoplots, dipvector plots, and Strucview analysis. Borehole images
are an effective way of understanding the structure and fractures in the Monterey.
BOLES, J. R., University of California, Santa Barbara, CA, boles@geol.ucsb.edu
OCCURRENCE OF VATERITE IN CO2 WELL BORE GAS-RICH ENVIRONMENTS: A NEW PROCESS OF CARBONATE FORMATION
Well scales can be detrimental to production of geothermal and hydrocarbon fluids.
Scaling is also relevant to understanding the diagenetic effects resulting from fluid
mixing and pressure drops during faulting. Vaterite scale (metastable hexagonal
CaCO3), a rarely reported mineral in geologic settings, occurs in well tubing from
several southern California oilfields. The mineral forms in gas-rich well bore environments at depths ranging from 1.4 to 1.8 km. Some of the vaterite is extremely coarse
grained (up to 300um crystals), much coarser than the micron-size crystals reported in
the literature. Compared with calcite in adjacent parts of the tubing string, vaterite has
extremely light carbon and oxygen isotopic composition that suggests it forms from
a CO2 rich and aqueous fluid depleted part of the system. Oxygen isotopic values
are from 7 to 13 per mil more negative than calcite scales and carbon values are 25
to 30 per mil more negative than calcite scales in the same field, suggesting that the
oxygen within the vaterite has come from oxygen in the CO2 gas rather than from
dissolved carbonate ion in equilibrium with an aqueous fluid. Presumably, the Ca2+
ion is provided by a fluid film on the tubing string. Calcite scales in the same field typically have positive carbon values and relatively positive oxygen values as would be
expected from rapid crystallization of calcite due to CO2 degassing from modified marine pore water. The vaterite appears to have crystallized by a fundamentally different
process than the calcite scale and is interpreted to form as CO2 gas interacts with small
amounts of fluid on the tubing string. These occurrences suggest that vaterite may be
much more common than presently known and that it may be expected to form in CO2
rich subsurface environments, such as those associated with CO2 sequestration.
BURNHAM, K., independent research, Oakland, CA, katb@stanfordalumni.org
SEQUENTIAL PALEOGEOGRAPHIC MODELS OF THE SAN ANDREAS
FAULT SYSTEM ~70 TO ~2 MA
Paleogeographic reconstructions at ~70-30 Ma, ~11 Ma, ~5 Ma, and ~2 Ma juxtapose more than 60 previously published pairs of correlative features.
Eight pairs of correlatives reported by Dibblee, 1966; Cummings, 1968; Wakabayashi and Hengesh, 1995; and McLaughlin et al., 1996 indicate only ~30 km
lateral offset across the section of the San Andreas fault between its intersections
with the Calaveras and San Gregorio faults. The Cretaceous-Pleistocene ages of
these correlatives indicate dextral offset of this section of the San Andreas fault
was not initiated until after 3-4 Ma (McLaughlin et al., 1996).
The 315 km offset of the San Andreas fault from Pinnacles to Neenach volcanics is
partitioned between ~30 km offset of the San Andreas fault north of the Calaveras fault
intersection, and ~285 km offset of the San Andreas-Calaveras-Hayward-(Rodgers
Creek?)-Maacama fault. Offset distance of the Calaveras-fault leg of this partition
is verified by paleogeographic juxtaposition (~70-21.3 Ma) (Burnham, 2006, 2009)
of Wakabayashi’s (1999) Skaggs Springs Schist near Healdsburg and Pacheco
Pass. Dextral offset of the San Andreas-Calaveras-Hayward-(Rodgers Creek?)Maacama fault commenced after 21.3 Ma, and slipped at least 77 km before 11 Ma.
The ~205 km offset of the northernmost San Andreas fault from the Delgada fan to
the Wilson Grove Formation is partitioned between ~180 km offset of the San Gregorio-northern San Andreas fault and ~30 km offset of the San Andreas fault south
of the San Gregorio fault intersection. Dextral offset of the San Gregorio-northern
San Andreas fault began after ~19 Ma and had slipped at least 70 km before 5.3 Ma.
The Hosgri-San Gregorio-northern San Andreas fault and the San Andreas-Calaveras-Hayward-Maacama fault moved separately in parallel before they were connected by formation of the San Francisco peninsula section of the San Andreas
fault and the fault system began to resemble its modern configuration.
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CAMPION, K. M., Marathon Oil Corporation, Houston, TX, kmcampion@
marathonoil.com

ROMSOS, C. G., Oregon State University, Corvallis, OR, cromsos@coas.oregonstate.edu

OBSERVATIONS FROM MODERN CHANNEL-LEVEE SYSTEMS AND
THEIR UTILITY FOR INTERPRETATION OF ANCIENT LEVEE SYSTEMS IN THE CERRO TORO FORMATION (CRETACEOUS), CHILE

VERTICAL TECTONIC MOTION AT THE INTERSECTION OF THE
SANTA CRUZ-CATALINA RIDGE AND NORTHERN CHANNEL ISLANDS PLATFORM, CALIFORNIA CONTINENTAL BORDERLAND,
DERIVED FROM SUBMERGED PALEOSHORELINE

Thin-bedded mudstone and sandstone lithofacies in the Cerro Toro, interpreted
as ancient levees, exhibit two architectural patterns: 1) broad (>300 m) undulating or wavy-bedded elements that laterally terminate by onlap, truncation (toplap), and downlap patterns, and 2) laterally persistent (>500 m), horizontal,
thin-bedded mudstone and sandstone. These facies exhibit a transition from horizontal to wavy beds concurrent with pronounced aggradation of a coeval channel facies. The horizontal beds are interpreted as initial overbank deposition,
whereas the wavy-bedded facies are interpreted as sediment waves. Sandstone
and mudstone beds within the sediment waves exhibit turbidite lithofacies including current-ripple lamination, planar lamination, massive, graded intervals, and
laminated or structureless mudstone beds. Typically, these beds are a few centimeters thick, but locally, sandstone beds form bedsets over 1 m thick. Erosion
surfaces within this thin-bedded lithofacies are distinctive, and locally they exhibit
over 5 m of relief, have a wavy pattern, and are spaced vertically at 10-15 m.
Observations from the Quaternary Var Ridge provide insight that assists the interpretation of ancient levee systems. Like the Cerro Toro, the Var system has
coarse-grained material within the fan valley, pebble- to cobble-size, and thinbedded mud and sand in the levee with documented sand bed thickness up to
40 cm. Architectural details described from the Var Ridge indicated sediment
waves make up a significant portion of the levee material. Beds within the sediment waves terminate laterally by onlap, downlap, and toplap, similar to the
Cerro Toro. Deposition of sediment on the Var levee and growth of the sediment waves can be linked to turbidity currents that were generated via overbank
flows from the Var fan channel. Growth of the sediment waves in the Var system represents active sedimentation and turbidity currents within a coeval channel rather than development during periods of channel inactivity or degradation.
CARRASCO, J. E., California State University, Northridge, CA, J.E.carrasco@
hotmail.com, MARSAGLIA, K. M., California State University, Northridge,
CA, Kathie.Marsaglia@csun.edu, MARDEN, M., Landcare Research, Gisborne, New Zealand, MardenM@landcareresearch.co.nz, and KIRBY, M. E.,
California State University, Fullerton, CA, MKirby@fullerton.edu
CORRELATION OF PHYSICAL, MINERALOGICAL, AND ORGANIC
PROPERTIES OF UPPER PLEISTOCENE LACUSTRINE DEPOSITS
FROM REDPATH PALEOLAKE, NORTH ISLAND, NEW ZEALAND
Redpath Paleolake is located within the Waipaoa Catchment ~48 km northwest of
Gisborne and is situated adjacent to the Waikohu River, which has exposed the lake
sediments due to cut-bank erosion. A 10-m core (Redpath 3) from a well-bore and
an ~8-m section from a nearby stream-bank outcrop (Redpath 1A) were measured,
described, and photographed. The core and bank section were respectively subsampled at 2 and 1 cm contiguous intervals for laboratory analyses that included
mass magnetic susceptibility (CHI) and loss on ignition at 550°C for total organic
matter (TOM) and at 950°C for total carbonate (TC). Facies of both lacustrine and
non-lacustrine deposits were identified within sections composed of similar facies
and similar 14C ages (maximum of ~14,300 years B.P. and minimum of ~13,300
years B.P.), however, distinctive patterns in sedimentation and structure are not apparent and do not directly correlate. These rapid, short-lived facies changes could
be linked to rapid marginal facies changes in a small lake. Both the core and bank
section show similar ranges and mean values for both CHI and TOM. However,
values for TC differ in their mean values and overall downsection patterns. Redpath deposits were compared with nearby modern Lake Tutira sediments in order to
determine any particular climatic fluctuations (i.e., ‘sediment storm pulses’); sandy
‘storm pulses’ are found throughout both Redpath sections, indicating a rather dynamic climate at the time. CHI value parameters from Redpath do not mirror those
from Lake Tutira, possibly owing to the fact that the values for Tutira reflect a time
of increased sedimentation from anthropogenic activity (post-European arrival).
CHAYTOR, J. D., Woods Hole Oceanographic Inst., Woods Hole, MA, jchaytor@whoi.edu, GOLDFINGER, C., Oregon State University, Corvallis, OR,
gold@coas.oregonstate.edu, MEINER, M. A., University of Hawaii at Hilo,
Hilo, HI, honeybeesan@gmail.com, HUFTILE, G. J., Queensland University of Technology, Brisbane, QLD, Australia, g.huftile@qut.edu.au, LEGG,
M. R., Legg Geophysical, Huntington Beach, CA, mrlegg@verizon.net, and
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Using submerged paleoshorelines as strain markers, we investigated Holocene
and late Pleistocene vertical tectonic movement at the intersection of the offshore
Santa Cruz-Catalina Ridge with the southern boundary of the western Transverse
Ranges, within the California Continental Borderland. Submerged shoreline positions were identified via the integration and analysis of high-resolution multibeam
bathymetry, side-scan sonar, submersible observations, and the presence of intertidal and subtidal invertebrate fossils. Accelerator mass spectrometry 14C ages of
shells from these paleoshorelines were found to be between ca. 27,000 radiocarbon
years and 11,500 years before present, indicative of shoreline colonization during and following the Last Glacial Maximum (LGM). These ages establish these
paleoshorelines as a useable datum for measuring vertical change since this time.
Removal of the non-tectonic component of vertical change using a post-25 ka icevolume equivalent eustatic sea level compilation indicates between 20 m and 45
m of uplift of the eastern portion of the Northern Channel Islands block over the
last ca. 23 ka. Using these values as the minimum and maximum amounts of uplift
of the Northern Channel Islands block, respectively, results in a post-LGM uplift
rate of 1.50 ± 0.59 mm/yr. This rate closely matches uplift predicted by published
slip-rates for the Channel Islands thrust that underlies the Northern Channel Islands platform. Results from post-LGM shoreline features on Pilgrim Banks are
somewhat more ambiguous likely resulting from the combination of tectonic and
biologic mechanisms. Submarine paleoshoreline uplift together with the extensive
upper-crustal fold-thrust style deformation, illustrates the transpressional interaction of the Borderland and Western Transverse Ranges blocks where the Santa
Cruz-Catalina Ridge and northern Channel Islands intersect.
CLEMENS-KNOTT, D., dclemensknott@fullerton.edu, and MARTIN, M.
W., m.w.martin@sbcglobal.net, both authors California State University, Fullerton, CA
STRATIGRAPHIC CONTEXT OF THE EARLY CRETACEOUS GOLDSTEIN PEAK UNIT, WEST-CENTRAL SIERRA NEVADA BATHOLITH,
CALIFORNIA
The newly recognized Goldstein Peak (GP) unit is among the oldest of the nonmarine sedimentary rock sequences in California. Preserved within the metamorphic framework of the west-central Sierra Nevada batholith, the steeply
dipping GP is in depositional contact with the Jura-Triassic marine Kings Sequence to the east and the Kings-Kaweah ophiolite outcrops to the west in the
San Joaquin Valley. The GP’s Early Cretaceous (Valanginian) depositional age
is constrained by a single concordant U-Pb zircon date of 139±1 Ma from a
granite dike that displays contact relations indicative of wet-sediment intrusion.
The ≈3-km-thick Goldstein Peak unit is composed of fluvial, alluvial fan, and
lacustrine (?) clastic sediments, interrupted by a lens of subaqueous to subaerial,
basaltic to dacitic pyroclastic rocks. Hornblende-hornfels facies recrystallization
of mud-rich protoliths was complete, producing sillimanite-quartz-biotite schists
at ≈115 Ma. The original mineralogy and depositional structures in the quartzrich sedimentary and basaltic volcanic horizons, however, are well preserved.
The earliest Cretaceous period in central California is characterized by the marine sedimentation of the Great Valley Group (Surpless et al., 2006). These authors interpret the pre-Mesozoic detrital zircon record as indicating an original
sedimentological tie between the Great Valley forearc and North America. We
propose that the GP conglomerates represent less mature correlative units to the
Early Cretaceous Great Valley marine sediments. On-going analysis of detrital zircon populations from a suite of GP conglomerate samples will better constrain the
depositional age of this unusual non-marine formation and clarify its relation to the
Great Valley forearc sequence. Moreover, a coupled geochronologic-petrographic
provenance analysis should provide new information about the emergence of the
Cretaceous continental margin arc.
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COLBURN, I. P., California State University, Los Angeles, CA, icolbur@
calstatela.edu and KORM, S., California State University, Los Angeles, CA,
skorm@calstatela.edu
THE GREAT WISCONSINAN ICE AGE MUDFLOWS OF THE SOUTHERN CALIFORNIA COAST
During the Wisconsinan Ice Age, southern California experienced coastal British Columbia type climate. Heavy rains generated numerous large mudflows that
coursed down the fronts of coastal mountains. The mudflow successions are recognized in the face of the modern sea cliff on the coast at Pacific Palisades, Crystal Cove State Park, Laguna Beach/South Laguna, and San Onofre State Beach.
The mudflow successions range in thickness from 20 feet on the Laguna Beach coast
to more than 100 feet at San Onofre. Approximately 50 samples were collected and
analyzed for textural and compositional characteristics. Samples were obtained from
a July 2008 mudflow at the Mount Whitney Fish Hatchery for comparison purposes.
These successions consist primarily of non-stratified to poorly stratified beds of
mudstone, sandy mudstone, and gravelly sandy mudstone; colors range from red
brown at San Onofre, brown at Crystal Cove, to dark gray at Pacific Palisades. Gravelly sand intervals are locally present indicating fluvial reworking of the mudflows.
For all localities, except the Pacific Palisades, the mudflows rest on the “old” wavecut bench that formed during the Sangamon high stand of the sea. At most localities
the “old” benches had “old” beach sand, gravel, and mollusk shells on them that
were buried by the mudflows.
From the great thickness of the coastal mudflow successions it can be inferred that
they probably extended at least a quarter of a mile seaward from the modern-day
sea cliff. The distal ends of the mudflows were destroyed and the sea cliff was
formed by wave erosion during the post-Wisconsinan eustatic sea level rise. The
Fish Hatchery mudflow, which traveled more than 4 miles down a slope that decreased from 5° to 2°, left a mudflow deposit 1 foot thick and serves as a modern
analog of the ancient mudflows.
CONRAD, J. E., U. S. Geological Survey, Menlo Park, CA, jconrad@usgs.gov,
RYAN, H. F., U. S. Geological Survey, Menlo Park, CA, hryan@usgs.gov, and
SLITER, R. W., U. S. Geological Survey, Menlo Park, CA, rsliter@usgs.gov
NEW INSIGHTS ON ACTIVE STRIKE-SLIP FAULTING IN THE INNER
CONTINENTAL BORDERLAND, SOUTHERN CALIFORNIA, FROM
HIGH-RESOLUTION SEISMIC REFLECTION DATA
About 7 mm/yr of slip between the North American and Pacific plates is accommodated by faults in the inner Continental Borderland offshore southern California.
Nearly half of this total has previously been thought to be taken up on the Palos
Verdes (PV) and Coronado Bank (CB) fault zones, which have been modeled as a
single, continuous fault zone in recent seismic hazard assessments for southern California. These faults lie roughly on strike with each other, but a connection between
these faults has not been clearly demonstrated. High-resolution seismic reflection
data collected in spring of 2008 indicate that the PV fault terminates southwest of
Lasuen Knoll in a horsetail splay that becomes progressively buried to the south.
The lack of an active connection between the PV and CB fault zones implies that
additional slip must be taken up elsewhere in the inner Continental Borderland.
Two other offshore faults, the San Diego Trough (SDT) and San Pedro Basin (SPB)
fault zones, lie about 10-15 km southwest of and subparallel to the PV and CB
faults. The new seismic reflection data reveal a previously unmapped but probably
active fault zone along strike and in the area between known strands of the SDT
and the SPB fault zones. This fault zone links the SDT and SPB faults, forming a
continuous fault zone that extends about 250 km along the inner Continental Borderland. Although there are no slip rate data available for this fault zone, its overall
length, continuity, and active character suggest that a significant portion of the
plate motion that occurs offshore is accommodated along the SDT-SPB fault zone,
which may pose a more significant seismic hazard than previously recognized.
COVAULT, J. A., Chevron ETC, San Ramon, CA, jcovault@chevron.com, and
ROMANS, B. W., Chevron ETC, San Ramon, CA, Brian.Romans@chevron.com
GROWTH PATTERNS OF DEEP-SEA FANS REVISITED: TURBIDITESYSTEM MORPHOLOGY IN CONFINED BASINS OF THE QUATERNARY BORDERLAND

This study characterizes growth and morphologies of late Pleistocene-Holocene turbidite systems and complexes in the southeastern Gulf of Santa Catalina and northern San Diego Trough, offshore southern California. From north to south, the San
Mateo, Oceanside, and Carlsbad canyon-channels supplied sediment to the basins.
An extensive grid of industry multichannel and USGS high-resolution deep-tow
seismic-reflection data show that the late Pleistocene-Holocene basin fill includes
eight turbidite systems: three each composing the Oceanside and Carlsbad turbidite
complexes and two composing the San Mateo turbidite complex. We determined
relative timing of turbidite-system growth phases since Oxygen Isotope Stage 6 from
seismic-reflection-based correlations and radiocarbon age dates younger than 45 ka.
Morphologies of turbidite systems and complexes were quantified according to
volume, area, maximum thickness, length, and width. There is a positive linear
relationship between the ratio of turbidite-system volume to area and maximum
thickness. Volumes of sediment sufficient to extend turbidite systems to the margins of their basins resulted in thick systems. Conversely, insufficient volumes
resulted in thinner systems. Within each turbidite complex, component systems
are progressively more areally extensive and thin. This is most likely a result of
progressive turbidite deposition “healing” relatively high-relief bathymetry. The
growth and morphologies of turbidite depositional units in the California Borderland and in similar settings, such as the western Gulf of Mexico, are greatly influenced by relatively meager volumes of sediment supplied and receiving-basin
confinement, and are distinctively different from longer-lived units in enormous,
unconfined ocean basins with sediment supplied from extensive terrestrial drainages. Results of this study provide insights into the distribution and morphology
of the largest detrital accumulations on Earth, which can be directly applied to predictive models of turbidite-architecture development in confined receiving basins.
CRANE, D. J., Chevron North America, Bakersfield, CA, david.crane@chevron.com
AN EXAMINATION OF THE SURFACE RUPTURE GAP IN THE LANDERS EARTHQUAKE BETWEEN JOHNSON VALLEY AND LONG
CANYON FAULTS, SAN BERNARDINO COUNTY, CALIFORNIA
The 85-km-long surface rupture associated with the 1992 Mv7.3 Landers earthquake exhibits a 5-km surface rupture gap from south of the Johnson Valley fault
to north of the Long Canyon fault. Surface mapping of the crystalline outcrop
in this region reveals deformation has occurred in the form of curvilinear faults,
though undisturbed by the Landers event. A seismic gap in the hypocenter data
subsequent to the Landers earthquake also underlies the curvilinear fault traces
to a depth of about 3 km, suggesting seismic inactivity here may be due to these
faults’ oblique alignment to the main north trending stress field that triggered the
1992 event. In cross sectional profile, the surface gap contains a high density of
hypocenter sites associated with the Johnson Valley fault that end abruptly along a
77° north-plunging line that projects to a depth of 12 km from the surface trace of
the Pinto Mountain fault. This implies the Pinto Mountain fault under-thrusts the
gap region, suggesting it contributed in part to the ground rupture gap by damping
propagation of seismic activity southward. Field relationships and seismic data
suggest the curvilinear fault system is the southern extension of the Johnson Valley
fault associated with the Landers earthquake and terminates against the high-angle
oblique slip of the Pinto Mountain fault. This study proposes that these curvilinear
fault traces resulted from directional changes in regional stress orientation between
the Pinto Mountain and the Johnson Valley faults. In combination with the Pinto
Mountain fault, the curvilinear faults are likely responsible for the ground rupture
and seismic hiatus of the Landers Earthquake.
DAME, R. D., Fugro West Inc., Ventura, CA, rdame@fugro.com, HOGAN, P.
J., Fugro West Inc., Ventura, CA, phogan@fugro.com
CHARACTERIZATION OF THE CONTINENTAL SLOPE AND HEADSCARP OF THE PALOS VERDES DEBRIS AVALANCHE BASED ON
NEW HIGH-RESOLUTION SEISMIC REFLECTION DATA
In 2004, 2006, and 2008 Fugro West collected high-resolution subbottom profiler
and multichannel seismic reflection data on the Palos Verdes (PV) and San Pedro
(SP) Shelves along several offshore alignment routes under consideration for a
proposed ocean outfall tunnel for the Sanitation Districts of Los Angeles County.
Subsurface characterization of the PV Shelf was of specific interest to the Districts,
as the alignment corridor proposed within this area would be substantially shorter
and less expensive than the alternate SP Shelf route.
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Integration of seismic and geotechnical data was key for subsurface characterization within the project area. Stratigraphic units mapped by Fugro (2004, 2006,
2007) on the SP Shelf include the Monterey Formation, Malaga Mudstone, and
Fernando Formation. These units were correlated to the PV Shelf based on seismic
character and reflection patterns previously observed in seismic data (Bohannon
et al., 2004). Late Pleistocene and Holocene sediments on the PV Shelf were interpreted from CPT and Vibracore explorations, depositional geometry and orientation relative to underlying strata, and seismic reflection data characteristics
observed by Fugro (2007), Bohannon et al. (2004), and Normark et al. (2004).
The multichannel seismic lines were recorded across the shelfbreak and downslope
across the San Pedro Sea Valley to assist in characterizing the Palos Verdes Debris
Avalanche and potential slope stability implications for the PV Shelf alignment
route. The interpreted data provided direct imaging of the near surface structure
and stratigraphy, and correlated well with Normark et al.’s (2004) interpretation
of a major slope failure event in this area approximately 7500 yBP. A thick accumulation of stacked mass movement deposits at the base of the slope and rapid
seismic signal attenuation through chaotic near-surface material zones suggest
multiple slope failures on a variety of scales have occurred episodically in this area
throughout the late Quaternary.
DE VECCHIO, D. E., duaned@umail.ucsb.edu, University of California,
Santa Barbara, CA
EVIDENCE FOR PUNCTUATED LATERAL FAULT GROWTH IN RESPONSE TO STRUCTURAL INHERITANCE: CAMARILLO FOLD BELT
The Camarillo Fold Belt (CFB) is composed of several south-verging anticlines,
which comprise the western extent of the west-trending highly segmented Simi
fault zone that extends from the northern Simi Valley to the city of Camarillo. Subsurface and surface geologic relations indicate that most of the faults in the CFB
are reactivated Miocene transrotational faults that now accommodate some component of Quaternary transpressional deformation. Fault segment boundaries typically contain north-trending steeply dipping faults that locally are cross-cut by or
cut east-trending reverse faults. Structural relief decreases from east to west across
each successive north-trending fault. Fold axes within discrete structural domains
plunge 10 to 20 west, are truncated at the cross-faults, and do not have axes that
plunge eastward. In addition, GIS-based analysis and limited geochronology suggest westward younging of tectonic topography across north-trending faults. We
interpret these relations to suggest that westward propagation of the fold belt and
the zone of deformation occurred by punctuated lateral growth of the Simi fault
due to the presence of north-trending faults. Given the polyphase deformational
history of the western Transverse Ranges, structural inheritance and this style of
deformation may be common in southern California. The interpretation that faults
propagate by punctuated lateral growth has important implications for seismic hazard assessment, as it suggest that transverse faults may be capable of limiting the
magnitude of seismic moment for a particular event.
DENISON, F. E., 867 Hartglen Avenue, Westlake, CA 91361, geostudies@aol.
com and SAENZ, J. M., Oxnard College, Oxnard, CA 93033, JSaenz@vcccd.edu
EARTHQUAKE SITE AMPLIFICATION IN OCEANO, CALIFORNIA,
THAT MAY BE RELATED TO REFRACTION FROM A NEARBY FAULTBOUNDED SYNCLINE
According to Holzer and others (2004) in USGS Open File Report 2994-1269, the
December 22, 2003, San Simeon, California, (M6.5) earthquake caused damage to
several houses, road surfaces, and to underground utilities in the town of Oceano,
California. The community of Oceano is located approximately 80 km (50 miles)
from the earthquake epicenter. Damage at this distance from a M6.5 earthquake is
considered to be unusual.
The USGS investigation identified two earthquake hazards in Oceano that they
thought might explain the San Simeon earthquake damage–site amplification and
liquefaction. Site amplification in Oceano was confirmed by monitoring aftershocks.
Areas with site amplification conditions similar to those in Oceano are particularly
vulnerable to earthquake damage because site amplification may cause shaking
from distant earthquakes, which normally would not cause damage, to increase locally to damaging levels. The vulnerability in Oceano is compounded by the widespread distribution of highly liquefiable soils near the surface that could re-liquefy
when ground shaking is amplified as it was during the San Simeon earthquake.
Study of subsurface geology in the Oceano area reveals a syncline of Miocene strata over
Jurassic basement rock that is bounded by the WilmarAvenue fault. We suggest that this
fault-bounded syncline may be responsible for earthquake amplification in this area.
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DUNCAN, I., Bureau of Economic Geology, University of Texas, Austin, TX,
ian.duncan@beg.utexas.edu
RISKS AND BENEFITS OF GEOLOGIC SEQUESTRATION OF CARBON
DIOXIDE — HOW DO THE PIECES FIT TOGETHER?
Geologic sequestration of CO2 as part of the carbon capture and storage (CCS)
process has proven potential to provide significant reductions in atmospheric emissions. In CCS, CO2 will be captured from fossil fuel power plants, compressed,
transported by pipeline and injected into deep brine reservoirs or utilized in CO2based enhanced oil recovery (EOR). The benefit of CO2 EOR to the economy
could be significant in a carbon-constrained world; however, as in any other major
industrial process there are risks to human health and safety and to the environment.
Operational risks include: leakage from CO2 pipelines; blowouts of injection
wells; and blowouts of poorly plugged, abandoned wells that may intersect the
CO2 plume. The 37-year safety record of the CO2-EOR industry is the most tangible record that we have to estimate the operational risks of CO2 sequestration. A
detailed understanding of this record, and of the differences between operational
requirements of CO2-EOR and future sequestration projects, is required to make
quantitative inferences of future societal risk. Techniques to ensure that a sequestration site will retain CO2 for sufficient time periods to achieve the desired benefits for the atmosphere and to avoid environmental problems include careful site
characterization, modeling, and monitoring. Risks from leakage of the natural containment system (typically a shale seal) include possible contamination of drinking
water, impact on ecosystems, return to the atmosphere, and economic damage to
mineral resources (in particular, gas reservoirs).
Insights gained from CO2-EOR projects, natural CO2 leakage in volcanic terrains,
and pilot brine injection projects suggest that the potential damages in most cases
are very limited and that risks can be substantially reduced by selecting highquality sites. Appropriate monitoring together with strategic early mitigation may
significantly lower the risk of long-term environmental damages.
CO2 EOR is proposed as a valuable first step, followed by even larger volume
sequestration in deeper brine reservoirs.
DUTTON, S. P., Bureau of Economic Geology, University of Texas, Austin,
TX, shirley.dutton@beg.utexas.edu
RESERVOIR QUALITY AND PORE-TYPE EVOLUTION IN TERTIARY
WILCOX SANDSTONES OF THE NORTHERN TEXAS GULF OF MEXICO COAST DURING BURIAL FROM 0.2 TO 6.6 KM
As the search for gas in the Gulf of Mexico focuses increasingly on reservoirs at
depths >4.5 km, the greatest unknown and most critical risk factor is reservoir quality. Petrographic analysis of Wilcox sandstones on the upper Texas coastal plain
provides insight into the evolution of porosity and permeability during burial that
is useful to deep exploration both onshore and in the deepwater Gulf of Mexico.
Wilcox sandstones are mostly lithic arkoses and feldspathic litharenites having an
average composition of Q59F22R19. Provenance did not change significantly during Wilcox deposition in this area, nor does average sandstone composition vary
among lower, middle, and upper Wilcox sandstones. However, lowstand slope-fan
deposits contain more rock fragments (mainly metamorphic and volcanic) than do
deposits from highstand or transgressive systems tracts. Wilcox sandstones deposited in deepwater environments in the Gulf of Mexico are likely to contain more
rock fragments than do their linked highstand equivalents.
With increasing burial depth, total volume of porosity decreases, and the proportion of different pore types changes. Average core-analysis porosity declines from
35% at 0.4 km to 10.7% at 4.5 km. Pores change from a mix of primary, secondary, and micropores (P35S38M27) at shallower depths to predominantly secondary
pores and micropores in deeper sandstones (P7S35M58). By 3.5 km, most primary
pores have been lost by mechanical compaction or occluded by quartz cementation, and secondary pores generated by feldspar dissolution compose the majority
of macropores. Average permeability decreases from 976 md at 0.4 km to 0.2 md at
4.5 km. Because most deep sandstones are dominated by secondary and micropores, the porosity-permeability transforms for deep and ultradeep sandstones will
have lower slopes than those for shallower sandstones.
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FINN, C. M., mfinn@tridentexploration.ca, SEELY, D., dseely@tridentexploration.ca, and MARTIN, J., jmartin@tridentexploration.ca, Trident Exploration Corp., Calgary, Alberta.

of indigenous surfactant-producing microbes in the oil. In this study, experimental
work was performed to analyze potential application of MEOR to the ANS oil
fields through both the ex situ and in situ approaches.

MAXIMUM-RESERVOIR-CONTACT WELLS FOR COAL BED METHANE EXPLOITATION

A microbial formulation containing a known biosurfactant-producing strain of
Bacillus licheniformis was developed in order to simulate MEOR. Coreflooding
experiments were performed to simulate MEOR for ANS heavy oils and quantify
incremental oil recovery. Properties such as density, viscosity, and chemical composition were monitored before and after the treatment. Results indicate a post treatment reduction in the oil density and viscosity and there is degradation of heavier
hydrocarbon components as evidenced by compositional analysis. The microbial
formulation was found to significantly increase oil recovery, and the molecular and
biological analyses indicated that the strain survived during the microbial treatment.

The Corbett Coal Bed Methane project, located in Alberta Canada, has produced
methane on a commercial scale from wet, Cretaceous-age coals since 2005. The
exploitation techniques utilized have evolved steadily, most notably in the design
of the horizontal wells and the associated pumping equipment. Beginning in 2006,
Trident Exploration Corp., as operator of the majority of the project area, began
drilling Maximum-Reservoir-Contact-wells. MRC wells (defined as wells with a
minimum aggregate reservoir contact of at least 5 km) have been utilized globally
since at least 2002 to achieve high well productivities in low permeability reservoirs.
Initial MRC wells in the Corbett Field, utilized longer individual laterals to solve
geographic problems within the field area. Initial, but limited success of these wells
led to a redesign that incorporates more but shorter laterals and this has been the
dominant well design since mid-2008.
This paper will compare the different horizontal well configurations and relate
these to the production performance of each well type.
FRANCIS, R. D., California State University, Long Beach, rfrancis@csulb.
edu, and LEGG, M. R., Legg Geophysical, Huntington Beach, California, mrlegg@verizon.net
COMPLEX HISTORY OF SAN PEDRO BASIN FAULT AND THE DEVELOPMENT OF SAN PEDRO BASIN; PRELIMINARY RESULTS FROM
HIGH-RESOLUTION SEISMIC REFLECTION DATA
We mapped the San Pedro Basin fault (SPBF) across San Pedro Basin. The fault
divides the basin into two parts with possibly different tectonic histories. The fault
has deformed sediments younger than 70 ka, suggesting activity into latest Pleistocene or Holocene time.
The stress regime of the SPBF has varied over time and along strike. Dip discordance across the fault occurs as deep as 2.5-3 km below the seafloor. In the southern part of the Basin strata dip toward the fault on both sides forming a trough, suggesting a transtensional regime in this area. This condition persisted until at least
late Pleistocene time (70 to 300 ka). Very deep sediments (more than 1.5 km below
the seafloor; age unknown) are poorly imaged, but apparently the transtensional
regime was weaker or non-existent when they were deposited.
In contrast, strata in the northern part of the Basin east of the SPBF dip away
from the fault, forming a large depocenter about 4 km to the northeast. This argues
against transtension along the fault in this area. Highly disturbed rocks associated
with Redondo Knoll occur west of the fault. Only the youngest sediments (about
70 ka) continue over the fault and a subsurface projection of Knoll rocks southwest
of the fault. This projection stops about 5 km southeast of the Knoll, southeast of
which the trough previously described exists.
Sediment packages are found on some of the slopes surrounding San Pedro Basin,
including Redondo Knoll, Catalina Ridge, and the slope south of San Pedro Sea
Valley. These strata have divergent dips toward the Basin, and onlap up-slope,
away from the Basin. This suggests uplift and tilting, particularly west of the SPBF.
Ages of these sediments, and relationship of this uplift to the SPBF and formation
of the Basin, are still to be determined.
GHOTEKAR, A., University of Alaska Fairbanks, AK, ftalg1@uaf.edu,
GERDES, K., University of Alaska Fairbanks, AK, fskeg@uaf.edu, PATIL,
S. L., University of Alaska Fairbanks, AK, ffslp@uaf.edu, DANDEKAR, A.
Y., University of Alaska Fairbanks, AK, ffayd@uaf.edu, and LEIGH, M. B.,
University of Alaska Fairbanks, AK, ffmbl@uaf.edu
INVESTIGATION OF MICROBIALLY ENHANCED OIL RECOVERY
FOR ALASKA NORTH SLOPE HEAVY OILS
A large proportion of Alaska North Slope (ANS) heavy oil exists in the form of
viscous deposits which cannot be entirely produced by conventional techniques.
Microbially enhanced oil recovery (MEOR) is a promising approach for improving oil recovery for viscous deposits. MEOR can be achieved either ex situ such
as flooding with microbial biosurfactants or injection of exogenous surfactant-producing microbes into the reservoir; or by in situ approaches such as biostimulation

GORDON, G. S., California State University, Bakersfield, CA, ggordon816@
yahoo.com, and GREENE, T. J., California State University, Chico, CA,
tjgreene@csuchico.edu
DEEP-WATER GRAVITY FLOW DEPOSITS OF THE ONSHORE EEL
RIVER BASIN RIO DELL FORMATION: LOG CHARACTER AND NETSAND CALIBRATION
The Rio Dell Formation of northwestern California’s onshore Eel River basin
records generally shoaling basinal conditions throughout the late Pliocene. The
lower Rio Dell Formation (LRD) is comprised of hemi-pelagic mudstones, as well
as interbedded muddy siltstones and fine- to very fine-grained sandstones. These
rocks were initially deposited in upper middle bathyal to upper bathyal depths. The
interbedded muddy siltstones and sandstones of the LRD form several sand packages, each approximately 100 feet thick. These sand packages are interpreted to be
a succession of “linked-debrite” gravity flow deposits.
Several wells at Grizzly Bluff gas field in the onshore Eel River basin have openhole well logs through the entire Rio Dell Formation. Within the LRD sand packages, highest quality reservoir sandstones have salient SP responses and resistivity values as high as 7 ohmm. Their log signatures have a serrated character, and
blocky, channel-type signatures are very rare. Calibrations of standard well logs
to fully described LRD conventional cores and outcrop sections provide for more
accurate net-sand tabulations, and reveal that discrete sandstone sub-units less than
2 feet thick cannot be fully resolved on these logs. Thickest sandstone sub-units
– often only 2 feet thick – have highest permeability and porosity values. Hence,
standard well logs alone do not provide adequate tools for a full appraisal of N:G
ratios within these thin-bedded sand packages. If image logs are not available on
a well-by-well basis, then calibration to at least one representative conventional core becomes critical for evaluating reservoir quality and net-sand thickness.
GREEN, J., wek211@gmail.com, and SIMILA, G., gsimila@csun.edu, both
authors California State University, Northridge, CA
ANALYSIS OF THE MICROSEISMICITY (1996-2007) OF THE SANTA
MONICA MOUNTAINS AND ASSOCIATED MALIBU COAST, SANTA
MONICA-DUME, AND SANTA MONICA BAY FAULTS
The Santa Monica Mountains, in the western Transverse Ranges, are separated
from Los Angeles and offshore Santa Monica sedimentary basins by the E-W, now
predominantly left-lateral Raymond-Hollywood-Santa Monica-Dume fault system.
The western ~80 km-long stretch of this fault system has been investigated by Sorlien et al (2006) using seismic reflection and earthquake data. Previous investigators proposed thrust slip on a low-angle blind fault beneath the Santa Monica-Dume
fault to account for the Santa Monica anticlinorium. The onshore Malibu Coast fault
(MCF) and the onshore Santa Monica fault are probably oblique left-reverse faults.
The Malibu Coast fault shows evidence of reverse-oblique slip with a left-lateral
strike-slip component along north-dipping strands ranging from 30-70 degrees. The
convergence rate across the MCF is estimated to be about 18 mm/yr, and the slip
rate is estimated to be between 0.04 to 1.5 mm/yr. Convergence is evident in focal
mechanisms showing mostly reverse faulting. Though Holocene surface displacements have been officially recognized across only two strands of the MCF zone to
date, the MCF is still considered active and capable of producing a magnitude 6.5 to
7.0 earthquake. The microseismicity (1996-2007; M=1-3, 307 events) for the region
has been relocated using HYPOINVERSE 2000 and the SCEC/LARSEII crustal
velocity structure. The results show seismicity (map view and cross-sections) associated with the Malibu Coast, Santa Monica-Dume, and Santa Monica Bay faults,
as well as scattered events in the eastern region of the Santa Monica Mountains.
The focal mechanisms show primarily reverse and some left-lateral slip faulting.
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GREENE, T. J., California State University, Chico, CA, tjgreene@csuchico.
edu, and GORDON, G., California State University, Bakersfield, ggordon816@yahoo.com
LITHOFACIES PREDICTION FOR “LINKED-DEBRITES” IN A MUDRICH DEEP-WATER SETTING, ONSHORE EEL RIVER BASIN, NORTHWESTERN CALIFORNIA
The onshore Eel River basin in northwestern California contains over 3,000 feet
of mud-rich bathyal deposits within the Pliocene lower Rio Dell Formation. The
lower Rio Dell Formation contains discrete deep-water sand packages up to 150
feet thick (20-40% net sand) that correlate from outcrops (Eel River and Price
Creek) to wells in the Grizzly Bluff Field approximately 5 miles away. Detailed
sedimentologic descriptions of correlative units in lower Rio Dell Formation core
(distal position) and outcrop (proximal position) reveal many packages of “linked
debrites” demonstrating decreasing turbulent energy in the distal direction. Individual flow units commonly have three definitive zones: Zone 1 is a structureless,
dewatered, clay-bearing sandstone with a sharp basal contact; Zone 2 is a chaotic
transition zone with irregular contacts containing variable mixtures of sandstone
and mudstone showing evidence of liquefaction and upward sand injection; and
Zone 3 is a highly sheared, convolute mudstone with interspersed mud-clasts, silts,
injected sands, and organic debris. The more distal flow units exhibit no grading,
little evidence of sorting, no traction structures, and a larger percentage of Zone 3.
The more proximal flow units show more traction structures, slightly better sorting and grading, less clay in Zone 1, and have a smaller percentage of Zone 3.
Scanning Electron Microscopy, X-ray Diffraction, and Laser Particle Size Analysis
data confirm the textural observations in outcrop and core. For the distal deposits,
Zone 1 portions contain abundant clays (25-30%) with high proportions of detrital
clays, as well as characteristic bi-modal grain size distributions. For the proximal
deposits, Zone 1 portions also have up to 23% clays, bi-modal grain size distributions, but less detrital clays.
These observations can be useful in predicting reservoir quality in linked debrites as well
as serve as an excellent analog for the Late Jurassic North Sea deep-water fan deposits.
GUZMAN, N., nateg1rr@aol.com, and YULE, D., j.d.yule@csun.edu, both
authors California State University, Northridge, CA,
NEW CONSTRAINTS ON LATE PLEISTOCENE SLIP ACROSS THE SAN
ANDREAS FAULT ZONE NEAR INDIO, CALIFORNIA
A late Pleistocene alluvial fan surface near Indio, CA has been the focus of several slip-rate studies along the southern San Andreas fault system. Here, slip on
the fault has cut the fan into three pieces (NE, middle, and SW) and the apparent
right-lateral displacement of their NW margins has been used to constrain the displacement since the fan surface was abandoned at ~50 ka. However, some have
interpreted that thrust faulting and/or landsliding has modified the NW edge of the
SW fan, questioning its use as a valid piercing line.
For this study several trenches excavated across the NW edge of the SW fan expose
a 1-m-thick, sub-horizontal, sheared boundary in support of the fault/landslide
model. The shear zone may be an active structure as it emplaces Plio-Pleistocene
Palm Spring Formation over the ~50 ka alluvial fan surface and colluvium/alluvium that is estimated to be late Holocene in age (based on its strong similarities to
the modern deposits nearby). NE-SW folds in the hanging wall, and SE-trending
slickenlines as well as SW-trending boudinage within the shear zone support SEdirected motion above a thrust fault. These features contradict the SW-directed
sense of motion (from higher toward lower elevation) that one would expect if this
feature were an active landslide.
The hanging wall of this apparent thrust includes alluvial terraces cut into the Palm
Spring Formation, ~30-50 m above the fan surface in the footwall. The age of the
hanging wall terraces is unknown, yet they strongly resemble the fan surface in
the footwall. This tentative correlation yields an uplift rate of 0.6-1.0 mm/yr since
fan abandonment. Previous slip estimates made from the offset NW fan margin
therefore must be considered minimum values because they do not consider modification of the fan margin by displacement across the thrust.
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HAGAN, J. C., hagan@umail.ucsb.edu, and BUSBY, C. J., busby@geol.ucsb.
edu, both authors University of California, Santa Barbara, CA,
CENOZOIC TECTONIC EVOLUTION OF THE CENTRAL SIERRA NEVADA: CLUES FROM VOLCANIC STRATIGRAPHY
We use volcanic and volcaniclastic mapping, geochemistry, and geochronology to
determine the tectonic history of the central Sierra Nevada, between Carson Pass
and Sonora Pass. There, Oligocene and Miocene strata fill paleochannels inherited
from Cretaceous time. Through our mapping of paleochannel fills and erosional
unconformity surfaces within them, we recognize three pulses of ancestral Cascades arc magmatism and four erosional episodes that may correspond to uplift
events. We also use the dateable fill of these paleochannels to determine the offset
history of the Sierra Nevada range-front faults.
The first erosional unconformity was cut into the granitic basement in Cretaceous
time, between 93 and 32 Ma. From ~32 to ~23 Ma, the paleocanyons filled with
Oligocene ignimbrites erupted in central Nevada. The second unconformity formed
between ~23 and 15.5 Ma, likely due to uplift at the onset of ancestral Cascades
arc activity, when most of the ignimbrite paleocanyon fill eroded away, leaving
thin deposits at the base and on the walls of the paleocanyons. The paleocanyons
then filled with block-and-ash-flow tuffs, which were reworked down-canyon into
volcanic debris flow and streamflow deposits, between about 15 and 13 Ma. At ~11
to10 Ma a third re-incision event occurred in the region. At Sonora Pass this event
was accompanied by transtensional range-front faulting and voluminous high-K
volcanism, whereas ~10.5 Ma magmatism at Carson Pass is recorded by small volume andesitic lava domes, block-and-ash-flow tuffs, peperites and volcanic necks,
with no clear evidence for faulting there. A fourth re-incision event preceded major
volcanic activity at Carson Pass at 6.5 Ma, coupled with formation of the Hope
Valley graben. We use the geometry of the paleocanyon system to show that unlike
other faults in the Sierra Nevada range front, the faults in the Hope Valley graben
show no dextral component of slip.
HECTOR, S. T., Hobby Energy, Rio Vista, CA., scott@hobbyenergy.com
AN OVERVIEW OF THE NATURAL GAS PRODUCTION, RESERVES,
AND INFRASTRUCTURE IN THE PACIFIC REGION
The Pacific Region (West Coast USA, British Columbia, and Alaska) contains huge
reserves of natural gas and also consumes large amounts of natural gas, but from
disparate locations. This paper looks at both the conventional and non-conventional sources of methane, including methane hydrate. California uses by far the largest
amount of natural gas of any state or province on the west coast, but only produces
13.5% of its needs from its own production. The U.S. Southwest (40%), Rocky
Mountains (23%) and Canada (23.5%) provide the balance. Oregon and Washington have almost no reserves or production, though a recent USGS study postulates
large potential reserves in eastern Washington. British Columbia harbors large reserves in the northeastern corner of the province, but in a geographical location of
the Alberta Basin that is isolated from the population centers on its west coast. In
Alaska, the reserves in the Cook Inlet have been well developed for years, and have
provided natural gas to the Anchorage area. However, by far the largest reserves of
natural gas lie on the North Slope of Arctic Alaska. Here, trillions of cubic feet of
natural gas at Prudhoe Bay and associated fields lie untouched. These reserves will
eventually go on production, either with a pipeline route south to Valdez parallel
to the Alyeska oil pipeline, or eastward through Alaska to Canada and Alberta. In
addition to the significant conventional gas reserves on the North Slope, potentially
quadrillions of cubic feet of natural gas lie frozen in gas hydrate reservoirs.
HEERMANCE, R. V., California State University, Northridge, CA, richard.
heermance@csun.edu
RE-EVALUATING THE AGE OF QUATERNARY CONGLOMERATE IN
THE OJAI VALLEY OF THE VENTURA BASIN: IMPLICATIONS FOR
THE TECTONIC EVOLUTION OF THE WESTERN TRANSVERSE
RANGES
Along the northern edge of the Ventura basin, the Ojai Valley trends northeastsouthwest and is sandwiched between the Topatopa Mountains to the north and
Sulpher Mountain to the south. Stratigraphy within the Ojai Valley consists of
syntectonic Miocene and Pliocene strata truncated along an angular unconformity
and overlain by a distinctive Quaternary “Ojai” conglomerate. The conglomerate
contains primarily Eocene sandstone clasts derived from the Topatopa Mountains
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to the north, with clasts derived from the south confined to only the uppermost
part. The angular unconformity at the conglomerate’s base implies an episode of
uplift, deformation, and erosion within the late Pliocene and/or early Quaternary,
but the precise timing of this event is unconstrained due to contradictory age-estimates for the conglomerate. Furthermore, the age of the north-to-south switch in
the clast provenance is unconstrained. To date, the conglomerate has been interpreted as either 1) upper Quaternary terrace deposits (15,000-100,000 y.b.p.) or 2)
middle Quaternary Saugus Formation equivalent (200,000-800,000 y.b.p). Both
age estimates are problematic and imprecise. The conglomerate must be older than
100,000 years due to its greater dip beneath the more flat-lying terrace surfaces. A
“Saugus” age, however, is inherently imprecise; moreover a direct correlation with
other parts of the Saugus Formation has not been shown. New mapping suggests
the conglomerate is syntectonic and occupies structurally controlled depressions
formed due to uplift of the adjacent ranges. Ongoing research includes 1) mapping
the three-dimensional geometry of the Ojai conglomerate, 2) describing any facies
or provenance changes within the conglomerate that may imply local provenance
changes due to uplift of the surrounding ranges, 3) using in-situ cosmogenic burial
ages to date the deposits, and 4) using magnetostratigraphy to locate the BrunhesMatayama (~780,000 y.b.p.) boundary. Together, this new work will allow the interpretation of uplift of Sulpher Mountain and constrain slip rates across faults that
cut the Ojai conglomerate.
HISCOTT, R. N., Memorial University of Newfoundland, St. John’s, NL,
Canada, rhiscott@mun.ca, AKSU, A. E., Memorial University of Newfoundland, St. John’s, NL, Canada, aaksu@mun.ca, FLOOD, R. D., Stony Brook
University, Stony Brook, NY, roger.flood@sunysb.edu, PARSONS, D. R.,
University of Leeds, UK, parsons.daniel@btinternet.com, PEAKALL, J.,
University of Leeds, UK, j.peakall@see.leeds.ac.uk, MOULAND, D., Memorial University of Newfoundland, St. John’s, NL, Canada, darrellm@mun.ca

bidity currents, which episodically deliver large volumes of sand via Hueneme
Submarine Canyon. El Niño-Southern Oscillation (ENSO)-driven turbidity currents deposit thin silt-rich turbidites in SMB. Less frequent, possibly seismicallytriggered, large, sand-rich turbidity currents have occurred repeatedly in the middle
to late Holocene. Measured thicknesses of individual silt to medium-grained sand
turbidite units range from 1 to 3 meters on the distal basin plain.
High-resolution geophysical profiles allow basin-wide correlation of large turbidite
units. Radiocarbon age dates from ODP Site 1015 provide good chronostratigraphic control (Normark et al., 2006; Romans et al., 2009). New MCPT (Mini-Cone
Penetration Test) and high-resolution seismic data collected in SMB document late
Holocene turbidite bed geometry.
Turbidity currents in Santa Monica Basin have increased in frequency in the late Holocene. Gorsline (1996) reported several thin (<8 cm thick) basin-wide turbidites emplaced in SMB in the last 500 years. Numerous thicker, sand-rich turbidites are present, with a recurrence interval ranging from 300 to 360 years. The most recent large
turbidite was emplaced ~700 yrBP, and the preceding event occurred ~1,650 yrBP.
Grain size analyses were performed on samples from several late Quaternary turbidites
in ODP 1015. Turbidity current flow velocities are estimated from new relationships
relating maximum grain size in a turbidite to flow velocity (Stow, 2008). Data used to
generate the relationships include: (1) observational studies, and (2) theoretical studies based on interpretation of grain size data, sedimentary structures, and flow criteria.
HORTON, R. A., JR., California State University, Bakersfield, CA, rhorton@
csub.edu, KNAUER, L., Chevron U.S.A. Inc., Bakersfield, CA, LarryKnauer@chevron.com, PENNELL, D. A., Aera Energy LLC, Bakersfield, CA,
DAPennell@aeraenergy.com, and COODEY, K., California State University,
Bakersfield, CA, Rasa_Coodey@oxy.com

MORPHOLOGY OF A SALINE GRAVITY-FLOW CHANNEL ON THE SW
BLACK SEA SHELF FROM MULTIBEAM BATHYMETRY, AND PRELIMINARY MONITORING OF TRANSITING CURRENTS

EFFECTS OF STEAM-INDUCED DIAGENESIS ON HEAVY-OIL PRODUCTION IN MIOCENE-PLEISTOCENE SANDS AT KERN RIVER OIL
FIELD, CALIFORNIA

Seawater of Aegean (Mediterranean) origin exits the Bosphorus Strait north of Istanbul and forms a persistent underflow across the Black Sea shelf. The density
contrast between the underflow and the ambient water is ~0.01 g cm-3, like that of
low-concentration turbidity currents in the deep sea. The underflow has created a
prominent seafloor channel system.

The Kern River oil field reservoir consists of braided alluvial sands and gravels
of the Kern River Formation (Miocene-Pleistocene). Heavy oil (12°-13° API) is
produced using steam injection. This typically results in good production from
well sorted medium to very coarse sands, but poor production from less well sorted
sands and gravels. These areas are commonly bypassed and remain unproduced,
with residual oil saturations 10-30 saturation units higher than the adjacent rock
despite heating to temperatures of 220° F and greater. This study examined mineralogy and pore geometry in sands that had not been heated, sands that had been
heated but were not drained, and sands that had been swept of hydrocarbons by
steam. Kern River Formation sands are predominantly quartz, K-feldspars (orthoclase and microcline), plagioclase (andesine-oligoclase), granitic microphanerites,
and minor biotite reflecting their Sierra Nevadan source. Clays typically make up
5-13% of the rocks. Clays are dominated by mixed illite/smectite (80-90% smectite layers) with minor kaolinite. Samples that have been heated but not drained
of oil are generally similar to unheated samples. Introduction of steam into the
rocks as the sands were drained of oil resulted in the breaking apart of microphanerites, dissolution of feldspars, a slight increase in the amount of clays, but no
significant change in total porosity. However, there are significant differences in
the distribution of clays and the geometry of the pore networks between unheated
sands and those swept of hydrocarbons by steam. Disintegration of microphanerites and subsequent rotation of the grain fragments has changed the sorting and
reduced pore-throat diameters. Recrystallization and precipitation of mixed illite/
smectite resulted in an increase in the amount of pore-filling clay cements, including bridges across pore throats, which may have restricted fluid flow. The extent
to which this may have affected subsequent production is under investigation.

Immediately north of the Bosphorus exit there is a 20–30 m-deep single channel
which hooks to the left forming a prominent bend. Before reaching the middle shelf,
channel relief decreases and some of the saline underflow spills overbank into 2–3
secondary crevasse channels. Although flow confinement is reduced on the middle
shelf, it increases farther seaward as levees become more prominent and channel
courses become better defined. An anastomosed channel network accommodates
the underflow on the outer shelf and has been described by Flood et al. (2008
Sedimentology). There, first-order channels are 5–10 m deep and are associated
with local lateral-accretion bedding, muddy in-channel streamlined barforms, a
variety of sediment waves, and levee/overbank deposits younger than ~7.5–8.0 ka.
This channel network is one of the largest and most accessible natural laboratories
on Earth for the study of channelised density currents. The shallow water depth and
quasi-continuous discharge provide a better opportunity to monitor flow conditions
than in turbidity-current channels, even those created by the discharge of mine tailings (e.g., Hay 1987 J. Geophys. Res., Normark and Dickson 1976 Sedimentology,
Normark 1989 J. Sed. Petrol.). An acoustic Doppler current profiler (ADCP) towed
across the 20–30 m-deep bend recorded a maximum velocity of ~1 m s-1. There,
the saline underflow is density-stratified, exhibits outer-bank super-elevation, and
the sense of secondary flow is apparently opposite to that in rivers (cf. Corney et al.
2006 Sedimentology). Future 3D flow monitoring will use the British autonomous
vehicle AutoSub3.
HOGAN, P. J., Fugro West, Ventura, CA, phogan@fugro.com, ROMANS, B.
W., Chevron ETC, San Ramon, CA, brian.romans@chevron.com, VARNELL,
S., Fugro West, Ventura, CA, svarnell@fugro.com, and BROUGHTON, A.,
Fugro GeoConsulting, Houston, TX, abroughton@fugro.com
SANDY TURBIDITE DISTRIBUTION PATTERNS AND ESTIMATED
FLOW VELOCITIES IN SANTA MONICA BASIN, SOUTHERN CALIFORNIA CONTINENTAL BORDERLAND
New geotechnical and geophysical data combined with published geochronologic
and high-resolution seismic-reflection data offshore Southern California allow
for an improved understanding of source-to-sink sediment delivery pathways and
mass movement processes in Santa Monica Basin (SMB).
Mass movement processes in the enclosed SMB are dominated by sand-rich tur-

HOWE, J., Archer Exploration, Inc and Longbow LLC, Bakersfield, CA,
jwhowe@archer-longbow.com, and CRESSY, F., Independent Geologist, Bakersfield, CA, fcressy@prodigy.net
SACRAMENTO BASIN CRETACEOUS EXPLORATORY CONCEPTS;
FAILURES AND SUCCESS, “HOOD-FRANKLIN DISCOVERY”
The Hood-Franklin Discovery well was initially conceived as a test of Forbes
sands based on information from previously drilled wells and regional 2-D seismic. However, a strong AVO signature within the Winters, high dry hole cost, and
risk associated with the Forbes made the shallower geophysically defined Winters anomaly the primary target. The event that produced the AVO was not readily
apparent on the migrated version of the seismic, but became of interest after reprocessing revealed a significant AVO response.
Prior to the Hood-Franklin Discovery, two wells had been drilled to the south on
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Forbes prospects based on a play concept using the Winters deposition as a model
and trap type for the Forbes. Both wells proved unsuccessful, and in order to gain
confidence in the development of reservoir quality gas sands within the Forbes,
the 2-D lines were reprocessed for AVO. Weak AVO signatures were found over
the Hood-Franklin leases within the Forbes but were discounted after classic AVO
response was identified in the shallower sands within the Winters Formation. Drilling of the Winters AVO anomaly found 100% gas fill-up in a well-defined channel sand. Initial gas production tests of the sand recorded pressures at 3,000 psi,
the maximum operating pressure of the test unit, and a flow rate of 2,990 MCF
per day through an 8/64th choke. As of January 2009 four wells are producing in
the Winters sand. The Forbes target was drilled in 2007 and was unsuccessful in
testing the Forbes potential due to mechanical problems, and the Forbes, the initial concept of the Hood-Franklin Project, still remains a viable exploration target.
HUMMEL, G. N., BreitBurn Energy, LosAngeles, CA, ghummel@breitburn.com
THE ORCUTT OIL FIELD: HOW STRATIGRAPHIC RELATIONSHIPS
REFLECT THE STRUCTURAL AND TECTONIC HISTORY
The Orcutt Oil Field, located in the Santa Maria basin in Santa Barbara County,
California has produced approximately 160 million barrels of oil since its discovery in 1901. The field lies in the easterly portion of the Santa Maria basin. The
Orcutt structure is one of a series of anticlines in the basin, formed by deep-seated
thrust faults and caused by convergent margin tectonics. Previous studies have suggested a clockwise rotation of the basin in the early Miocene.
Detailed stratigraphic work in the field has determined that the Orcutt structure
was active during the late Miocene through medial Pliocene deposition of the Sisquoc Formation and during the late Pliocene deposition of the Cebada and Foxen
Formations. These formations thin markedly over the current structure suggesting
that early structural movements on the Orcutt and Casmalia anticlines influenced
deposition in the basin. The Cebada and Foxen Formations pinch out on the sides
of the current structure and may have never been deposited over the structure or
have been removed by erosion.
Structural mapping and stratigraphic relationships suggest that the structure was initially thrust north-northeast during the medial Pleistocene and then subsequently relaxed and rotated. This activation and reactivation of faulting has provided conduits for
fluid migrations within the field, limited fluid migration, and offset oil-water contacts.
JENKINS, C., DeGolyer and MacNaughton, Dallas, TX, cjenkins@demac.com
THE INCREDIBLE GROWTH OF SHALE GAS — WHAT’S GEOSCIENCE GOT TO DO WITH IT?
Although shale gas has been produced since the 1820s, only in the last few years
has it become mainstream with the development of the Barnett, Fayetteville, and
Woodford shales in Texas, Alabama, and Oklahoma, respectively. Shale gas is often considered to be a technology play given the need to drill and complete wells
effectively for economic production. However, there are multiple geological, geochemical, and petrophysical parameters that must be favorable for these plays to
work. Among them are thickness, gas saturation, porosity, matrix permeability,
thermal maturity, gas generative potential, lithofacies types, and in-situ-stress regimes. This paper compares these parameters on a play-by-play basis and discusses
the depositional, diagenetic, and structural factors that control them. In addition,
existing shale gas developments are contrasted with new shale gas plays in the
Marcellus (NE U.S.) and Haynesville (Texas-Louisiana). Recent work has shown
that the “Barnett Model” is not the only successful play type. The combination of
greater depth, higher overpressure, interparticle porosities, and much higher matrix
permeabilities in the Haynesville contribute to initial well rates that are 3 to 10
times higher than Barnett wells.
JOBE, Z. R. and LOWE, D. R., Stanford University, Stanford, CA, zanejobe@stanford.edu
POCKMARKS ON THE MODERN SEAFLOOR AS INDICATORS OF
SUBMARINE CANYON ABANDONMENT, OFFSHORE EQUATORIAL
GUINEA
Pockmarks are cone-shaped depressions found on the modern seafloor that have
been interpreted to form by pore fluid (gas and/or water) expulsion from underlying sediments. Pockmarks range in size from 10 m in diameter and 1 m in depth to
over 4 km in diameter and 200 m in depth. Pockmark locations can be seemingly
random or related to various subsurface features (e.g. faults, submarine channels).
Pockmarks were discovered almost 40 years ago and are well-known seafloor features, but their formation and evolution still remains elusive.
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A high-resolution 3D seismic reflection dataset offshore Equatorial Guinea (1.6° N)
in west Africa sheds light on pockmark formation, evolution, and association with
submarine canyons. Pockmark morphology is circular, averaging 400 m in diameter
and 40 m in depth, and the pockmarks are organized into linear trains. It is unclear
whether gas or water is responsible for these pockmarks. Pockmarks are created when
a submarine canyon infills with fine-grained sediment due to abandonment by turbidity flows. Pockmark evolution commences along an abandoned canyon that develops cross-canyon ridges. These ridges evolve into elongate, peanut-shaped double
pockmarks and finally into discrete pockmarks that are aligned in a train. This evolution produces long-lived (>1 m.y.) features that are predominantly aggradational.
Six pockmark trains, in various stages of pockmark evolution, are seen on the modern seafloor and are shown to be related to previously abandoned canyons in the
subsurface. The pockmark trains directly overlie and follow the map pattern of
abandoned canyons. Due to their association with abandoned submarine canyons,
pockmarks on the modern seafloor can assist in locating possible hydrocarbon exploration targets. The longevity of pockmarks suggests they can be indicators of
not only shallow subsurface features, but also deeper features associated with hydrocarbon accumulations.
JOHNSON, A. H., Hydrate Energy International, Kenner, LA, art_johnson@
hydrate-energy.com
THE DEVELOPMENT PATH FOR HYDRATE NATURAL GAS
The vast resource potential attributed to gas hydrate has led to an understandable
interest from nations with the most severe energy deficiencies. Although technical
and economic hurdles have pushed back the timeline for development, considerable
progress has been made in the past five years. Commercial hydrate development
requires high concentrations of hydrate in porous, permeable reservoirs. While it is
unrealistic to consider the global potential of gas hydrate to be in the hundreds of
thousands of tcf, there is a strong potential in the hundreds of tcf or thousands of tcf.
For gas hydrate development to be commercially viable, economic factors need to
be addressed. These include operating expense, flow rates, ultimate recovery per
well, transportation to markets, and safety.
Press releases from several national gas hydrate research programs have reported
gas hydrate “discoveries”. Except in a few specific areas such as the North Slope of
Alaska, the Gulf of Mexico and the Nankai deposits off central SE Japan, valid resource assessments remain to be accomplished. A focused exploration effort based
on geological and depositional characteristics is needed that addresses hydrate as
part of a larger petroleum system. It is very likely that drilling on properly identified prospects, rather than just targeting bottom-simulating reflectors (BSRs), will
lead to commercial development in less than a decade.
JOHNSON, J. E., University of New Hampshire, Durham, NH, joel.johnson@
unh.edu, PAULL, C. K., Monterey Bay Aquarium Research Institute, Moss
Landing, CA, paull@mbari.org, NORMARK, W. R. (deceased), U.S. Geological Survey, Menlo Park, CA, and USSLER, W., Monterey Bay Aquarium Research Institute, Moss Landing, CA, methane@mbari.org
THE MONTEREY FAN CHANNEL TURBIDITE RECORD OFFSHORE
CENTRAL CALIFORNIA: INSIGHTS INTO SUBMARINE CANYON
PROCESSES
The Monterey Canyon and Fan Channel System is one of the major and active conduits for sediment transport on the California margin. The proximity of the canyon
head to the shoreline, coupled with longshore sand transport in Monterey Bay, allows frequent (several/year) sediment gravity flows to enter the canyon and deposit
coarse gravel and sand down the canyon axis (Paull et al, 2005). Recent canyon
monitoring activities and an opportunistic whale carcass, however, suggest these
events do not deposit materials beyond the canyon in the active fan channel. In
2005, to address how frequently turbidity currents pass through the fan channel, we
used an ROV-mounted vibracore to collect closely spaced cores in transects across
the active fan channel. Observations from the most complete transect of cores at
a prominent bend in the fan channel document unprecedented channel facies variability and show that a narrow region along the inner bend levee preserves the most
complete event record (11 correlated events). Radiocarbon data for the youngest 4
events suggest an average event recurrence of ~220 years, much longer than the upper
canyon recurrence of sediment gravity flows and remarkably similar to the Holocene
recurrence of potentially earthquake triggered turbidites documented in canyons to
the north (Goldfinger et al., 2007). The Monterey data suggest a dual frequency behavior for the canyon-fan channel system during the latest Holocene, where upper
canyon events, although frequently deposited, are limited in extent to the canyon,
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and full canyon to fan channel flushing events, which may recycle and redeposit
the upper canyon materials, occur at a longer timescale. This Holocene (highstand)
dual frequency behavior may exist in other submarine canyon systems as well, especially along non-sediment starved margins with canyon heads close to the shore.

KEYSER, H. J., Precision GeoSurveys Inc., Vancouver, Canada, hkeyser@
goldgroup.com, HANSON, C. G., Landmark Alaska Limited Partnership,
Ketchikan, AK, chanson@ucoreuranium.com, and DOSTAL, J., Ucore Uranium Inc., Halifax, Canada, jaroslavdostal@gmail.com

KAMERLING, M. J., Venoco Inc., Carpinteria, CA, mkamerling@venocoinc.
com, and LEGG, M. R., Legg Geophysical Inc., Huntington Beach, CA, mrlegg@verizon.net

THE BOKAN MOUNTAIN U-REE DEPOSIT, PRINCE OF WALES ISLAND, ALASKA

FAULT TRENDS AS A HIGH RESOLUTION MEASURE OF PACIFICNORTH AMERICA PLATE EVOLUTION
In the rifted inner southern California Borderland there are faults that have classic characteristics of transform motion. Spreading ridges and volcanic chains are
terminated and offset by these faults which form sets in distinct orientations. Many
faults from central to Baja California also have these distinct orientations. Some
of these trends are different than expected relative plate motions from plate circuit
reconstructions. Since transform faults define the direction of relative plate motion, these fault trends reflect changes in relative plate motion through time and
provide a more detailed record than can be obtained with plate circuit techniques.
A trend of 330° is shown by the Patton Escarpment, San Diego Trough fault, Santa
Lucia Escarpment, and the Coronado Bank fault. This trend is related to subduction. As the Pacific plate came into contact with the North America plate this preexisting trend was close to the relative plate motion oriented at 300° and resulted in
a transtensional environment. Within this environment the crust was extended and
right-stepping, northwest-trending transform faults formed and bounded areas of
extension, incipient rifting, and volcanism. Several faults have this 300° trend. As
the new Pacific-North America Plate boundary evolved, the relative plate motion
shifted to an azimuth of 323° at the latitude of the Borderland. This trend of 323°
is strongly represented by many faults in the Borderland, and southern and Baja
California. However, we observe an intermediate fault trend defined by volcanoes,
spreading centers, and extensional faulting bounded by transform faults oriented
at 310°-313°. The San Jacinto, Elsinore, and San Clemente Bend Region faults are
also in this orientation. We believe this fault trend and perhaps additional minor
fault sets represent intermediate stages in the evolution of relative motion between
the Pacific and North American Plates.

The Bokan Mountain Uranium and Rare Earth Element (REE) deposit is located on
southern Prince of Wales Island, approximately 60 km southwest of Ketchikan, Alaska. Bokan Mountain produced 1.3 million pounds of uranium between 1957 and 1971
and is the only uranium mine in Alaska. Ucore Uranium Inc. is currently exploring the
property, with 46 drill holes totaling over 3,000 meters completed in 2007 and 2008.
Although most of the early investigations at Bokan Mountain focused on uranium
as nuclear fuel, the potential for REE’s is now being addressed for various high
technology and energy applications. Both U and REE mineralization are spatially
and genetically associated with the Bokan Intrusive Complex, a circular, Jurassic-aged, peralkaline granite. Multiple phases of sodic granites, porphyries, and
pegmatites have been grouped into two main concentric zones: an inner core of
riebeckite granite porphyry and an outer ring of aegirine granite porphyry. More
than 30 mineral occurrences are related to differentiation and metal enrichment
during late stages of magma crystallization.
Uranium mineralization is controlled by northwest-trending structures within the
outer aegerine granites. The primary uranium minerals are uranothorite and uraninite associated with quartz, hematite, calcite, fluorite, pyrite, galena, chlorite, and
REE. Grades in excess of 1% U3O8 are not uncommon.
Light and heavy REE mineralization (+/- U, Y, Zr, and Nb) is hosted by north and
northwest-trending pegmatitic and aplitic dikes peripheral to the Bokan Intrusive
Complex. These dikes range in width from several meters to a few centimeters,
commonly in parallel stockwork systems, and are evidence of the highly fractionated nature of late-stage fluids/melts. Although most of the REE mineralization is
outside the Bokan complex, it is clearly associated with the intrusion. The dominant REE and Y minerals are xenotime, allanite, bastnaesite, and monazite.

KELLER, M. A., U.S. Geological Survey, Menlo Park, CA, mkeller@usgs.
gov, and MACQUAKER, J. H. S., Memorial University of Newfoundland, St.
John’s, NL, JMacquaker@mun.ca

KOSTIC, S., San Diego State University, San Diego, CA, skostic@mail.sdsu.edu

NEW INSIGHTS FROM UNIFORMITARIANISM APPLIED TO HAUTERIVIAN-BARREMIAN ORGANIC CARBON-RICH MUDSTONES OF
ARCTIC ALASKA

Numerical models provide an invaluable tool for the interpretation and prediction
of deep-sea sedimentary systems because they link the geometrical characteristics
of turbidity current deposits to the properties of the flows that sculpted them. Recent research suggests that the most commonly observed sediment wave pattern on
the seafloor consists of cyclic steps. Sediment waves in a submarine environment
invariably have been characterized as antidunes or antidune-like features associated with turbidity currents. In this analysis sediment waves that consist of cyclic
steps are compared and contrasted to their close relatives, sediment waves consisting of upstream-marching antidunes. The numerical model is used to simulate
cyclic steps associated with the three most common types of slope breaks in a
submarine environment. The results of the numerical simulations provide clear
evidence that net-depositional cyclic steps similar to sediment waves observed on
channel levees have to be predominantly composed of mud. The latest experiments on wedge-shaped sedimentary deposits in minibasins, which also produced
depositional cyclic steps, unambiguously support the numerical predictions. On
the other hand, net-erosional cyclic steps similar to cyclic scours observed along
the thalwegs of some steep canyons and along channels created at partial channel
avulsions have to have a sand-rich composition.

Over the past decade, our studies of three sections of the Lower Cretaceous pebble
shale unit and lower part of the Hue Shale on Alaska’s North Slope have produced informative new petrographic images with linked geochemical data. The
studied interval consists of a stacked succession of organic carbon-rich (2-6 wt
% TOC), thin-bedded (2-5 mm) mudstone. Individual beds are sharp-based, commonly crudely upward fining, and rarely show evidence of erosion. Common to
rare mud-supported, “outsized” sand- to pebble-size grains are present as either
isolated clasts, or clusters concentrated at the base of beds. The succession is predominantly silt-bearing clay-rich mudstones and clay-dominated mudstones with
clay and silt organized into organo-mineralic aggregates, pelleted, or homogenous.
These mudstones are variously bioturbated by a diminutive meiofauna and contain
calcispheres, foraminifera, and radiolaria. Rare macro-burrows cut across bedding.
Subordinate tuff, tuffaceous mudstone, silt-dominated mudstone, and sandstone
are present. Authigenic pyrite and carbonate are present throughout the succession,
forming rare to common carbonate cement-dominated mudstone or pyrite laminae.
From its high latitude origin (≈70˚N), organic richness, distinctive mud-supported
“outsized” clasts, poorly sorted discontinuous silt- and sand-rich basal laminae
with commonly wavy sharp bases, and crude upward fining, we interpret much
of this succession to result from intermittent deposition by suspension settling
from melting sediment-laden seasonal sea ice and associated primary productivity similar to modern processes in the Beaufort Sea. Carbonate cement-dominated
intervals indicate important breaks in sedimentation. Pelleted organic-carbon rich
units associated with tuffs exhibit some of the best petroleum source rock potential in the pebble shale unit, probably indicating that ash falls episodically contributed otherwise limiting nutrients. These results document considerable newly
recognized variation in sedimentary facies and fabrics in this mudstone succession,
and provide critical evidence to interpret these mudstones directly from modern
marine processes. This approach shows great promise for interpreting mudstones.

SEDIMENT WAVES: ARE THEY CYCLIC STEPS OR ANTIDUNES?

KOVAC, K. M., Schlumberger, Data and Consulting Services, Bakersfield,
CA, kkovac@slb.com, LUTZ, S. J., TerraTek, A Schlumberger Company,
Salt Lake City, UT, SLutz@salt-lake-city.oilfield.slb.com, DRAKOS, P. S.,
ORMAT Nevada Inc., Reno NV, pdrakos@ormat.com, BYERSDORFER, J.,
Schlumberger, Data and Consulting Services, Greenwood Village, CO, jbyersdorfer@denver.oilfield.slb.com and ROBERTSON-TAIT, A., GeothermEx
Inc., Richmond, CA, art@geothermex.com
BOREHOLE IMAGE ANALYSIS AND GEOLOGICAL INTERPRETATION AND MODELING OF SELECTED FEATURES IN WELL DP 27-15
AT DESERT PEAK , NEVADA: PRE-STIMULATION EVALUATION OF
AN ENHANCED GEOTHERMAL SYSTEM
An industry-DOE cost-shared project is underway to evaluate the technical feasibility of developing an Enhanced Geothermal System (EGS) power genera-
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tion project in Desert Peak (Nevada) geothermal field. As part of pre-stimulation
analysis, a non-commercial well (DP 27-15) in the hydrothermal portion of the
field has been image-logged to aid in evaluating lithologies and stress and fracture
characterization of potential reservoir units. Borehole images, gamma ray, caliper, and cable tension were logged. The wellbore image log obtained from deeper
portions of the well (3057.5-5620 ft) has been analyzed. Features identified from
these resistivity-contrast generated images include bedding planes, lithologic contacts, foliations, conductive mineral grains, drilling induced fractures, and natural
fractures. This paper describes selected geologic features seen on the image logs
that may influence the design and success of stimulation activities in the potential
reservoir, as part of a multi-disciplinary approach to understanding EGS systems.
The logged interval of the well consists of three parts. From 3057.5 to 3300 ft the
altered Tertiary rhyolitic tuffs interval is encountered. Below this, the pre-Tertiary
Unit 1, consisting largely of weakly metamorphosed hematitic and dolomitic mudstones occurs between 3300 and 4800 feet. Pre-Tertiary Unit 2 from 4800 to 5620
ft includes strongly propylitically-altered and metamorphosed diorites, foliated
phyllites, and hornfels.
The drilling induced fractures present suggest a maximum horizontal stress orientation of NE-SW, consistent with the nearby Rhyolite Ridge Fault System. The
largest natural fracture population identified is striking NE-SW consistent with
the identified maximum horizontal stress orientation and the Rhyolite Ridge Fault
System. A statistical fracture spacing of approximately one fracture every 20 ft
seems to be consistent through each of the major lithologic units, suggesting this
is a young fracture population. Single well fracture network modeling was used to
better visualize the fracture populations identified and characterized in this study.
LAFROMBOISE, E., California State University, Northridge, CA, elafromboise@yahoo.com, SIMILA, G., California State University, Northridge, CA,
gsimila@csun.edu, MCNALLY, K., University of California, Santa Cruz, CA,
karen.mcnally@ucsc.edu, QUINTERO, R., Universidad Nacional, Heredia,
Costa Rica, rquinter@una.ac.cr
SEISMIC STRONG MOTION ARRAY PROJECT (SSMAP) TO RECORD
FUTURE LARGE EARTHQUAKES IN THE NICOYA PENINSULA AREA,
COSTA RICA
Since 2006, the seismic strong motion array project (SSMAP) for the Nicoya Peninsula in northwestern Costa Rica has been composed of 13 sites including Geotech
A900/A800 accelerographs (three-component), Ref-Teks (three-component velocity), and Kinemetric Episensor seismographs. The main objectives of the array are
to: 1) record and locate strong subduction zone mainshocks [and foreshocks, “early
aftershocks”, and preshocks] in Nicoya Peninsula, at the entrance of the Nicoya Gulf,
and in the Papagayo Gulf regions of Costa Rica, and 2) record and locate any moderate to strong upper plate earthquakes triggered by a large subduction zone earthquake
in the above regions. Our digital accelerograph array has been deployed as part of our
ongoing research on large earthquakes in conjunction with the Earthquake and Volcano Observatory (OVSICORI) at the Universidad Nacional in Costa Rica. The countrywide seismographic network has been operating continuously since the 1980s.
The recording of seismicity and strong motion data for large earthquakes along the
Middle America Trench (MAT) has been a major research project priority over these
years, and operation of this network spans nearly half the time of a “repeat cycle”
(~50 years) for large (Ms ~7.5-7.75) earthquakes beneath the Nicoya Peninsula, with
the last event in 1950. The major goal of our project is to contribute unique scientific
information pertaining to a large subduction zone earthquake and its related seismic
activity when the next large earthquake occurs in Nicoya. We are now collecting a
database of strong motion records for moderate-sized events to document this last
stage prior to the next large earthquake. We have recorded 10 events with magnitudes
equal to 4.0 or greater (and accelerations of 0.2g) from the Nicoya regions of Tamarindo to Samara. The events show reverse faulting along the subduction zone.
LAUBACH, S. E., Bureau of Economic Geology, University of Texas, Austin,
TX, steve.laubach@beg.utexas.edu
STRUCTURAL COMPLEXITY IN THE STRUCTURALLY SIMPLE
FRACTURED RESERVOIRS AND RESERVOIR ANALOGS: APPLICATION OF STRUCTURAL DIAGENESIS TO PREDICTING AND ASSESSING RESERVOIR QUALITY IN UNCONVENTIONAL AND FRACTURED
RESERVOIRS
Unconventional and fractured reservoirs present many challenges to successful
exploration and production owing to subtle structural complexity that is nearly impossible to diagnose using conventional approaches. Many attributes that are challenging to discover in buried rocks are present in exceptionally well preserved outcrops in Mexico, Scotland and Wyoming. These outcrops provide insights into the
patterns and origins of reservoir heterogeneity from the regional to the interwell-
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bore scale. These fractured reservoir analogs have abrupt differences fracture sizes,
clustering, and porosity preservation variability over vertical distances of a few
meters to kilometers and lateral distances of 10s of meters. Heterogeneity results
from interplay of stratigraphy, structure, and diagenesis during fracture growth and
aging. These rocks provide a rare opportunity to compare what can be sampled
using core with attributes that cannot readily be measured using core-based methods. Outcrop analogue studies can improve understanding of fracture distribution
in the subsurface. In particular, outcrops may reveal patterns of and controls on
fracture intensity and fracture openness that are key determinants of producibility.
Using imaging methods, and diagenetic and mechanical modeling we show how
this heterogeneity likely arises. Basinal fracture systems reflect interactions among
mechanical and chemical processes integrated over geologic timescales. In the subsurface (>1000 m), where fractures are new rock surfaces created in the presence
of hot, reactive fluids, fracture size distribution, aspect ratio and porosity distribution, spatial arrangement, and sensitivity to effective stress changes are among the
fracture attributes modified by diagenetic reactions. Results imply that mechanical
and chemical feedbacks resulting from cementation in fractures and surrounding
rock mass during and after fractures form influence size and shape of fracture pore
space. We show that diagenetic history is a prime control on persistent porosity in
fractures in basins and thus their capacity to conduct fluid or to create a perceptible
seismic response. Even structurally simple reservoirs can have great fracture, and
thus fluid flow, heterogeneity.
LEGG, M. R., Legg Geophysical, Inc., Huntington Beach, CA, mrlegg@verizon.net, GOLDFINGER, C., Oregon State University, Corvallis, OR, gold@
coas.oregonstste.edu, CHAYTOR, J. D., Woods Hole Oceanographic Inst.,
Woods Hole, MA, jchaytor@whoi.edu, and WONG-ORTEGA, V., CICESE,
Ensenada, Baja California, MX, vwong@cicese.mx
LATE CENOZOIC DISPLACEMENT ALONG THE SAN CLEMENTE
FAULT, OFFSHORE SOUTHERN CALIFORNIA
Combination of high-resolution bathymetry, seismic reflection, and sub-bottom
profiles allows identification of piercing points offset by late Cenozoic strike-slip
along the San Clemente fault offshore southern California. Along the San Clemente Island escarpment, slope gullies show dextral offsets exceeding 140 m. The
seafloor morphology resembles the Carrizo Plain along the San Andreas fault, and
the most distinct gullies may be active since the 18-ka glacial lowstand. Offshore
northern Baja California, high-stand submarine fans are disrupted and offset up to
4.6 km by right-slip on the San Isidro fault. Age estimates of the Banda fan, based
upon regional sedimentation rates from radiocarbon-dated piston cores, suggest
late Quaternary offset younger than about 700 ka. A large restraining bend linking the San Clemente and San Isidro faults produced seafloor uplift of 420 m and
structural relief of 750 m. Acoustically transparent hemipelagic drape that records
the bulk of this uplift is estimated at 200 ka to 530 ka. Local pull-apart basins and
a fault-sliver pop-up along the principal displacement zone in this restraining bend
show maximum offsets of 3.0 km to 6.4 km during the period of bend uplift. Folding and faulting induced by basement block uplift in the bend may be offset by 14
km to 18 km. The western rim of a large sub-circular crater with central uplift at
Emery Knoll is offset about 60 km since the middle Miocene when widespread volcanism occurred throughout the Inner Borderland Rift and adjacent region. Basalt
flows within the Rosarito Beach Formation, derived from offshore sources along
the northern Baja California coast, show Ar-Ar ages of 15-16 Ma. The long-term
slip-rate appears comparable to the late Quaternary slip-rate, but confirmation of
piercing point age and character is necessary to quantify the displacement history.
LESHCHYSHYN, T. H., Knowledge Reservoir/OXY, Bakersfield, CA, ted_
leshchyshyn@oxy.com, BARBA, R., CS Resources, Houston, TX, barbaaustin@cs.com, BAIRD, K., Knowledge Reservoir, Bakersfield, CA., kbaird@
knowledge-reservoir.com, and BEADALL, K., Beadall Services, Houston, TX
kris_beadall@hotmail.com
AN EMPIRICAL APPROACH TO UNDERSTANDING ROCK LITHOLOGY AND IT’S RELATIONSHIP TO MINIMUM HORIZONTAL STRESSES
FOR FRACTURE STIMULATION DESIGN
It has been shown empirically that rock lithology has a direct relationship with minimum horizontal stress gradients. The higher the grain or bulk density, the higher
the minimum horizontal stress gradient. In Alberta, Canada, the order of increasing
stress gradient is sandstone (15 kPa/m or 0.663 psi/ft), siltstone (18.5 kPa/m or
0.817 psi/ft), claystone (18.8 kPa/m or 0.828 psi/ft), shale (19.5 kPa/m or 0.861
psi/ft), limestone (20 kPa/m or 0.883 psi/ft), dolomite (21.5 kPa/m or 0.95 psi/ft),
etc. The weight of overburden is assumed to be about 21.8 kPa/m or 0.96 psi/ft.
Rock mixtures of the above lithologies have interpolated minimum horizontal
stress gradients relative to the amount of each lithology mixture. Accuracy of the
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final stress values has been estimated at about ±3%. Previously, a Canadian Rock
Table was created from the above data for a total of about 10 pure lithologies (as
above) and 70 rock lithology mixtures. All were generated from actual fracture
stimulations performed between 1970 and 2003 (a total of over 30,000 stimulations
were investigated) in Canada, Russia, and a few in China. A separate set of Rock
Tables were created for southern California, different from the rest of the world due
to the young age of the reservoirs (about 15 million years old) and the occurrence
of diatomite and it’s diagenetic burial lithologies, siliceous shale, and opal CT.
Sonic logs with added shear wave data are also used for fracture stimulation design, and if corrected for coherency (bedding effects) and tectonic strain and tied
to minifrac closure stress values, give excellent stress distributions with lithology
changes, resulting in accurate estimates of created fracture heights and lengths.
Both methods, if used properly, give good stress values for fracture model predictions. Older depleted reservoirs in the US have become candidates for refracturing
to increase productivity, requiring better stress values for fracture height control.
LOAICIGA, H. A., Department of Geography, University of California, Santa
Barbara, CA, hugo@geog.ucsb.edu
HYDROGEOLOGIC HAZARDS: FROM PIPING TO LARGE EARTHQUAKES
Ground water is a powerful agent of subsurface erosion, processes such as seepage
forces and piping being important for landscape evolution and determining the stability of man-made earthen water works. In addition, ground water effects terrain
stability by governing the pore pressure and effective stress that is crucial in the
triggering of landslides, in land subsidence and soil consolidation, and in facilitating
the rupture of the earth crust at seismogenic depths that cause earthquakes large and
small worldwide. This paper reviews the theory behind ground water as an agent of
geologic hazards and presents examples of related disasters within the Pacific region.
LOUCKS, R. G., Bureau of Economic Geology, University of Texas, Austin,
TX, bob.loucks@beg.utexas.edu
GEOLOGYOFTHE MISSISSIPPIAN BARNETTSHALE-GAS PLAYINTEXAS: REFIONAL SETTING, SEDIMENTOLOGY, AND PORE NETWORKS
The Mississippian Barnett Formation of the Fort Worth Basin is a classic “shale-gas”
system in which the rock is the source, reservoir, and seal. Barnett strata were deposited in a deeper water foreland basin that had poor circulation with the open ocean.
For most of the basin’s history, bottom waters were euxinic, preserving organic matter
and thus creating a rich source rock. The Barnett interval comprises a variety of facies
but is dominated by fine-grained (clay- to silt-sized) particles. Four general lithofacies are recognized on the basis of mineralogy, fabric, biota, and texture: (1) laminated to nonlaminated siliceous mudstone; (2) laminated argillaceous lime mudstone
(marl); (3) skeletal, argillaceous lime packstone, and (4) phosphatic-rich mudstone to
grainstone. Each facies contains abundant pyrite and phosphate (apatite). Much of the
pyrite appears to be micron-sized framboidal pyrite that was precipitated in a euxinic
water column. The phosphate formed in a slope environment and was transported
into the deeper basin by gravity-flow processes. Carbonate concretions, a product of
early diagenesis, are also common. The entire Barnett biota is composed of debris
transported to the basin from the shelf or upper oxygenated slope by hemipelagic
mud plumes, dilute turbidites, and debris flows. Biogenic sediment was also sourced
from the shallower, better-oxygenated water column. Barnett deposition is estimated
to have taken place over a 25-Ma period, and despite the variations in sublithofacies,
sedimentation style remained remarkably similar throughout this span of time.
The pore network in the Barnett Shale consists predominantly of nanometer-scale
pores (nanopores). Carbonaceous grains host the majority of nanopores with many
of these grains containing hundreds of nanopores. Other nanopores are found in
bedding-parallel wisps of largely organic matrix material. The nanopores within
grains result from devolatilization of the organic material during hydrocarbon maturation. Median pore diameters vary from grain to grain, but a typical diameter is
~100 nm with a general range of 5 nm to 500nm.
LOWE, DONALD R., Stanford University, Stanford, CA, drlowe@stanford.edu
SLURRY FLOWS VS TURBIDITY CURRENTS: A KEY DISTINCTION
IN EVALUATING THE RESERVOIR POTENTIAL OF THIN-BEDDED
DEEPWATER SEQUENCES, MODERN AND ANCIENT
Although turbidity currents and debris flows form end members in the spectrum of
sediment gravity flow types, a more significant distinction from the perspective of

reservoir development is the difference between turbidity currents and slurry flows.
Both flow types are turbulent, but slurry flows possess enough cohesion due to the
presence of entrained mud that it influences sedimentation and the structuring, texture, and reservoir potential of the resulting deposits. Whereas thick-bedded sands remain one of the principal targets of deepwater exploration, thin-bedded sequences are
coming increasingly into play, and the distinction between these flow types becomes
correspondingly significant. Thin-bedded deepwater sequences develop in a variety
of settings at the transition between high energy sites of transport and sedimentation
and lower energy areas of mud deposition. The main thin-bedded sequences with
reservoir potential include levee deposits, a variety of splays, and off-axis sections
within major channels and canyons. Levee sequences seldom include slurry-flow
beds because most levees form through deposition from the dilute, turbulent tops of
turbidity currents. Splay deposits, however, form through deposition from the entire
flow and in many areas flows depositing thick-bedded sands in more “proximal”
parts of the splays evolve downslope into slurry flows. Hence, exploration toward the
margins of fields producing from thick-bedded channel or proximal splay sands may
encounter thin-bedded splay sequences dominated by either mud-rich slurry flows
with little reservoir potential or relatively clean, sandy turbidites that may be excellent reservoirs. Fortunately, there are ways to predict downslope potential from upslope deposits. Examples of modern deepwater systems characterized by slurry-flow
deposits include medium- to thin-bedded sands in the Santa Monica Basin, southern
California. Ancient examples are widespread, including the classic Cretaceous slurry-flow sequences in the Britannia Field, North Sea, and portions of the Pennsylvanian Jackfork Group, Ouachita Mountains, Arkansas and Oklahoma.
LOYD, S. J., loyd@usc.edu, and CORSETTI, F. A., fcorsett@usc.edu, both
authors University of Southern California, Los Angeles, CA
SULFUR AND CARBON ISOTOPIC COMPOSITION AND CARBONATE
ASSOCIATED SULFATE CONCENTRATION OF CALCITIC CONCRETIONS OF THE UPPER CRETACEOUS HOLZ SHALE, SILVERADO,
CALIFORNIA
The Holz Shale, an organic rich marine slope deposit, contains disseminated nodular calcite concretions and concretionary layers. The concretions range in size from
~2 to 100 cm in diameter and formed before significant compaction of the host
shale as indicated by deflection of external laminae around the nodules. Carbonate
13C values range from –3 to –10‰ (PDB) with values decreasing systematically
from center-to-edge in all concretions analyzed. This trend is consistent with outward concentric growth and an increase in carbonate sourced from organic carbon
remineralization with progressive burial. Carbonate associated sulfate (CAS: trace
sulfate incorporated into the carbonate crystal lattice) concentrations are reduced
compared to marine-precipitated carbonates. CAS concentrations of ≤500 ppm
are consistent with carbonate precipitated from modified pore waters depleted in
sulfate compared to seawater. 34SCAS is low with values ranging from –10 to
–20‰ (CDT). Such isotopically depleted sulfate can result from the oxidation of
microbially produced H2S in pore waters or from pyrite oxidation during CAS
extraction. While SEM analysis reveals that Holz Shale concretions do contain
framboidal pyrite, preliminary step-wise leaching experiments suggest that pyrite
was not significantly oxidized during the extraction process. The 34SCAS results are curious for several reasons. Production of significant H2S occurs within the sulfate reduction zone (which is anaerobic), whereas oxidation of H2S is
thought to occur above or at the interface with the sulfate reduction zone, where
oxygen or nitrate is present. Typical SO42- concentrations at this interface should
be nearly entirely marine and overwhelm the isotopic signature of oxidized H2S.
Perhaps another oxidant plays a role in sulfide oxidation deeper within the zone of
sulfate reduction, there is an unappreciated microbial pathway for sulfide oxidation, or the flux of sulfide during diagenesis was great enough to overwhelm sea
water isotopic signatures at the interface between oxic and sulfidic porewaters.
MAIER, K. L., Stanford University, Stanford, CA, kmaier@stanford.edu,
KING, P. R., GNS Science, Lower Hutt, NZ, p.king@gns.cri.nz, GRAHAM,
S. A., Stanford University, Stanford, CA, sagraham@stanford.edu
HETEROGENEITY AND GRAIN SIZE DISTRIBUTION OF SLOPE
CHANNEL FILL, MIOCENE URENUI FORMATION, TARANAKI BASIN,
NEW ZEALAND
The Urenui Formation is a Miocene age, mid-slope, deep-water succession located
in the Taranaki Basin, New Zealand. This study integrates data at multiple scales
to interpret depositional architectures, sedimentation patterns, and factors influencing deposition within the Urenui Formation. Seismic-reflection data of the Urenui
Formation are interpreted as recording prograding clinoforms above a large mass
transport complex. The Urenui Formation is exposed along the modern-day coastline and correlates with the mid to upper slope sections of the clinoforms based
on calibration with well, seismic and paleontological data. The coastal outcrop
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contains discrete channel complexes at different stratigraphic levels. Each channel has an erosive base and heterogeneous fill deposits, including some portion of
thin-bedded fill with minimal erosion, as evidenced by frequent preservation of
the tops of ripple beds and starved ripples. Grain sizes in the channel fill deposits
are restricted to silt, very fine to medium sand, granule extra-basinal conglomerate, and larger intra-basinal conglomerate. However, grain sizes other than silt are
rarely found outside channel confinement. The siltstone surrounding the channel
deposits is heavily bioturbated and either massive or slumped.
The exposed erosional channels within the Urenui Formation are inferred to have
been back-filled by splay deposits. The thin-bedded channel-fill represents the toe
of turbidity current splays with little associated erosion. Once filled and healed,
the channels were encased by large amounts of background fine-grained sediment
forming the prograding clinoforms. Though the paleobathymetry of the outcrop
succession generally shallows up-section, there are no clear trends in grain size or
sedimentary structures between the outcrop channels, indicating a heterogeneous
slope system. Slumped and deformed sediments are common in this and other slope
systems and may have contributed to the formation of erosional channel bases in
the Urenui Formation. Levee morphologies are present in seismic-reflection data
but have not been identified in outcrop.
MAIER, K. L., Stanford University, Stanford, CA, kmaier@stanford.edu,
FILDANI, A., Chevron Energy Technology Company, San Ramon, CA, AndreaFildani@chevron.com, PAULL, C. K., Monterey Bay Aquarium Research Institute, Moss Landing, CA, paull@mbari.org, NORMARK, W. R.,
U.S. Geological Survey, Menlo Park, CA, MCHARGUE, T., Chevron Energy
Technology Company, San Ramon, CA, TimMcHargue@chevron.com, GRAHAM, S. A., Stanford University, Stanford, CA, sagraham@stanford.edu,
CARESS, D. W., Monterey Bay Aquarium Research Institute, Moss Landing, CA, caress@mbari.org, and MCGANN, M. M., U.S. Geological Survey,
Menlo Park, CA, mmcgann@usgs.gov
VARIATION IN DEEP-WATER CHANNEL FEATURES: HIGH-RESOLUTION IMAGES FROM THE LUCIA CHICA, OFFSHORE CENTRAL
CALIFORNIA
The southernmost branch of the Lucia Canyon, informally referred to as the Lucia
Chica, crosses an area of decreased slope between 950 m and 1250 m water depth
where it changes from a single confined channel into a set of weakly confined channels with varying sinuosity and complex architectures. The weakly confined region
was investigated with an Autonomous Underwater Vehicle (AUV) developed by
the Monterey Bay Aquarium Research Institute for high-resolution seafloor mapping. The AUV carries a 200 kHz multibeam sonar and a 2-16 kHz chirp sub-bottom profiler. Bathymetric data was collected at 50-m above the seafloor, so it has
a 1-m lateral and 0.3-m vertical resolution. Sub-bottom profiles collected with 75
to 150-m line-spacing have 11-cm vertical resolution and penetrations up to 40 m.
Chirp data indicate that a ~4 m thick drape of transparent sediments cover these channels Foraminifera 14C-calibrated ages from 1.5-m long ROV-collected vibracore
samples yield a sedimentation rate of ~30 cm/ka, indicating that deposition within Lucia Chica channels was last active before ≥12 ka BP, during the last sea level low stand.
The AUV bathymetry image reveals channel and channel-like features that could
not be resolved with prior methods. These seafloor features include bifurcating channels, knickpoints, avulsed channels, aligned and elongated depressions,
changes in channel relief, and shifts in sinuosity. High-resolution bathymetry allows direct measurement and comparison of variables, such as gradient and channel dimensions, that appear to influence the continuum of channel features.
The variation and discontinuity of features imaged within this single system challenges the conventional view of deep-water systems as analogous to continuous
fluvial channels where flows are confined to a single leveed channel. A revised
concept of deep-water channel formation must include the possibility of mid-slope
weakly confined channels and the development of those channels through lowrelief, discontinuous architectures.
MARSAGLIA, K. M., California State University, Northridge, CA, Kathie.
marsaglia@csun.edu, BEHL, R. J., California State University, Long Beach,
CA, Behl@csulb.edu, and ESCOBEDO, D., California State University, Long
Beach, CA, dkescobe@gmail.com

Texas and meticulously described by a shore-based party. They discovered a rare
continuous marine record from ~160 ka to the present, with resolution for paleoclimate studies approaching that of the Greenland ice cores, but with the potential of
extending much further back in time. The section, spanning two glacial-interglacial
cycles, consists of hemipelagic mud, laminated during warm low-oxygen periods
and bioturbated when cold and oxygenated. Thin sandy laminae/beds, interpreted
as turbidites, are concentrated during intermediate sea level, perhaps when sand
was pushed off a narrowing shelf. Sand composition (average QFL%Q42, %F45,
%L13; QmKP%Qm47, %K24, %P29; and LmLvLs%Lm36%, %Lv26, %Ls38)
is consistent with a Santa Clara River source. Stratigraphic changes in sand composition are loosely linked to eustacy-related lengthening or reorganization of the
fluvial drainage system to include the Ventura River. Likewise, clay mineralogic
composition of fine-grained “gray layer” flood deposits are linked to the Santa
Clara River catchment, but show little compositional variation with eustacy or climate, suggesting transport to the basin is sensitive to grain size.
In preparation for a return of the Integrated ODP (IODP) to extend this remarkable record to ~1 m.y., short (<5m) piston cores were taken from uplifted seafloor
outcrops of strata correlative to layers more than a kilometer below Site 893. In
these cores of primarily hemipelagic mud, sand content is variable through the
succession but most abundant in cores from glacial intervals. These unstudied deposits offer the opportunity to study the relationship of tectonics and climate to
changes in sediment source and transport pathways over a much longer time frame.
MARSHALL, C. J., California State University, Long Beach, CA, cjmsdsu@
sbcglobal.net, SORLIEN, C. C., University of California, Santa Barbara, CA,
chris@crustal.ucsb.edu, NICHOLSON, C., University of California, Santa
Barbara, CA, nicholson@msi.ucsb.edu, BEHL, R. J., California State University, Long Beach, CA, behl@csulb.edu, and KENNETT, J. P., University of
California, Santa Barbara, CA, kennett@geol.ucsb.edu
SPATIAL AND TEMPORAL EVOLUTION OF SEDIMENTATION IN SANTA BARBARA BASIN, CALIFORNIA, FROM 1.0 MA TO PRESENT
Isopach maps derived from high-quality grids of seismic reflection profiles document dramatic shifts in location, shape, and accumulation rate of sedimentary depocenters in Santa Barbara Basin during the last 1 Myr. Isopach maps are defined
by distinctive sequence boundaries and other stratigraphic horizons identified on
deep-penetration industry multichannel seismic (MCS) data, and high-resolution
MCS and USGS towed chirp data acquired during 2005 and 2008 research cruises.
Horizon ages were assigned based on correlation to the well-dated ODP Site 893,
and interpolation between dated tephra layers, biostratigraphic markers, and MIS
climate transitions identified from oxygen isotopic analysis. We also used a published 1-Ma horizon. Horizons were interpreted and correlated across the eastern
and central basin, extending beyond ODP Site 893, then gridded. Isopach thickness
maps were created from the gridded horizons, first in two-way travel time (twtt),
then converted to depth and volume. Over much of the basin, average sediment
accumulation rates (uncorrected for compaction) since 1 Ma are remarkably high
(~1.0 to 1.5 m/kyr). Rates were highest between 1 Ma and ~500 ka in the central
portion of the Santa Barbara Channel (near ODP Site 893), but then decreased owing possibly to diversion of sediment into Santa Monica Bay with the initiation of
the Hueneme fan. Since ~710 ka, most basin sedimentation has been focused within the WNW-ESE-trending offshore trough located between the North Channel and
Oak Ridge fault systems. Within this principal depositional trough, greatest sediment accumulation occurs in narrow, km-scale marginal bands adjacent to the two
bounding fault systems. Evolution of these depocenters reflects the growth history
of faults and folds and related structural loading, subsidence, and the development
of seafloor morphology. Shifts in basin depocenters, sedimentation rates, or sediment facies may also be related to changes in bathymetry, relief of the uplifted Santa
Ynez highlands, and the size and location of catchment areas for sediment supply.
MCGANN, M., U.S. Geological Survey, Menlo Park, CA, mmcgann@usgs.gov
QUATERNARY TURBIDITE DEPOSITS OFF CENTRAL CALIFORNIA
PROVIDE EVIDENCE OF SOURCE OF DOWNSLOPE-DISPLACED
BENTHIC FORAMINIFERA AND HYDRAULIC SORTING OF PALYNOMORPHS

SANDY FACIES AT ODP SITE 893 IN THE SANTA BARBARA BASIN AND
IMPLICATIONS OF PROPOSED DRILLING BY THE INTEGRATED
OCEAN DRILLING PROGRAM

Core S3-15G from the western levee of Monterey submarine fan valley (3,491 m
depth) contains a 19,000-year record of hemipelagic and submarine fan overbank
deposits. The sediments were deposited in 45 turbiditic sequences of sand and silt
separated by hemipelagic mud. The associated benthic foraminifers and palynomorphs yield information on the depositional processes involved.

Sixteen years ago, a “site of opportunity”, tacked onto the end of an Ocean Drilling Program (ODP) leg to the Cascadia margin, was cored in Santa Barbara Basin
to a depth of ~200 mbsf. Cores from ODP Site 893 were transported unopened to

Six modern foraminiferal biofacies are recognized off central California from inner shelf to lower bathyal depths. Based on the assemblages entrained within the
displaced sediments, the depth at which the turbidites originated may be identified.
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Nineteen displaced species were recovered from 65 turbiditic samples investigated.
The relative abundance of allochthonous foraminifers was found to correlate positively with grain size. Sands of one of the two cross-bedded turbiditic (Tc) units
recovered originated on the inner shelf and included faunal elements from all of
the shelf and slope biofacies between presumed origin and deposition; the source
of the other was the upper slope as no shelf foraminifers were included. In both of
these sands, 75% of the fauna was displaced. Of the 29 laminated turbiditic sands
(Td), ten had faunal elements from all six biofacies, seven had only those from the
slope, and the remaining had faunal elements from non-adjacent biofacies. On average, 9% of the fauna was displaced. Most of the 35 turbiditic mud (Tet) units contained constituents of only three biofacies with 15% displaced specimens, whereas
the 18 hemipelagic muds (Tep) had only rare (3%) allochthonous foraminifers.
Pollen abundance correlates negatively with grain size; the sand deposits contain significantly fewer palynomorphs than do the muds. Higher proportions of large and hydrodynamically efficient pine pollen occur in the turbiditic sands with a reduction in the
frequency of smaller-sized pollen (oak, redwood, alder), suggesting that these sands
contain a pollen assemblage biased by hydraulic sorting during downslope transport.
MCHARGUE, T., Chevron ETC, San Ramon, CA, timmchargue@chevron.
com, CLARK, J., Chevron ETC, San Ramon, CA, clrk@chevron.com, SULLIVAN, M., Chevron ETC, Houston, TX, morgansullivan@chevron.com,
PYRCZ, M., Chevron ETC, Houston, TX, Michael.pyrcz@chevron.com,
FILDANI, A., Chevron ETC, San Ramon, CA, andreafildani@chevron.com,
LEVY, M., Chevron ETC, San Ramon, CA, levm@chevron.com, POSAMENTIER, H., Chevron ETC, Houston, TX, henry.posamentier@chevron.com,
ROMANS, B. W., Chevron ETC, San Ramon, CA, brian.romans@chevron.
com, and COVAULT, J. A., Chevron ETC, San Ramon, CA, jcovault@chevron.com
ALLOCYCLICITY OF SEDIMENT VOLUME AND COMPOSITION PROVIDE THE BASIS FOR A PREDICTIVE MODEL OF TURBIDITE CHANNEL ARCHITECTURES
Cyclicity in sediment supply volume and composition can strongly influence channel hierarchy, avulsion, stacking pattern, fill architecture, and net/gross. It is rarely
possible to confirm that allocyclicity is the dominant control on these variables,
but a reasonable and predictive model results from the assumption. Cyclicity is
expressed as a phase of waxing energy followed by a phase of waning energy
that appear to be present on at least three scales in most turbidite settings: 1) a
channel element cut-and-fill cycle, 2) a system (an overbank aggradation cycle of
multiple elements), and 3) a sequence (multiple systems). At each scale, a cycle
is separated from both the preceding and following cycle by avulsion. A cycle of
channel element cut-and-fill is expressed by erosion of the channel element along
with sediment bypass during the waxing phase, followed by sediment deposition
and back-stepping during the waning phase. A system-scale cycle may be initiated by erosion of a slope valley (negative aggradation) followed by a low rate of
overbank aggradation during which time multiple channel element cycles contribute to the development of an amalgamated channel complex. Waning energy and
increasing clay composition of turbidite flows commonly result in a gradual elevation of the equilibrium profile and an increase in the rate of overbank aggradation.
The expression of a sequence is highly variable depending on gradient, but typically
consists of a relatively sand-rich waxing phase with elevated potential for erosion followed by an increasingly mud-rich waning phase with diminishing erosion potential.
The convolution of these multiple cycles strongly constrains the potential depositional architectures that are likely to develop on a given topography. These allocycles can be expressed as predictive rules that define a framework for the construction of forward models of turbidite architecture within which the contributions
of other variables can be incorporated.
MCSTROUL, G., sisko@seds.org, and SIMILA, G., gsimila@csun.edu, both
authors California State University, Northridge, CA
ANALYSIS OF THE MICROSEISMICITY OF THE SALTON BUTTES REGION
For the Salton Trough region, we are analyzing the microseismicity from the SCSN
database of the region around the Salton Buttes, which are five rhyolite domes at the
southern end of the Salton Sea and near the Brawley seismic zone. The microseismicity is characterized by small magnitude events (M=1-2), except for the 2005 earthquake swarm (max M=5.1). The 2005 focal mechanisms indicated NW-SE strikeslip faulting. We will be participating in the January 2010 Salton Trough Seismic
Project, funded by NSF (Margins/Earthscope) and the USGS. In the Salton Trough,

the 20-22 km thick crust is composed entirely of new material added by magmatism
from below and Colorado River sedimentation from above. The adopted model of
magmatic addition to the crust is from A. Schmitt and J. Vazquez (2006), where
mafic magma reaches neutral buoyancy in the lower to middle crust. In Fall 2009,
we will install five digital seismographs to supplement the existing SCSN network
for a more detailed study related to subsurface structures. Then in January 2010,
we will participate in the main north-south USGS seismic reflection/refraction line.
MORRATO, L. K., Venoco, Inc., Denver, CO, kmorrato@venocoinc.com, and
SUCHSLAND, R. J., Venoco, Inc.,Yorba Linda, CA, rsuchsland@venocoinc.com
TAKE ANOTHER LOOK AT THOSE GAS SHOWS – AN UPDATE ON
INFILL DRILLING AND WORKOVER ACTIVITIES IN THE GREATER
WILLOWS AND GRIMES FIELDS, NORTHERN SACRAMENTO BASIN,
CALIFORNIA
The Willows and Grimes fields are two of California’s largest gas fields and are
located in the northern Sacramento Basin. Lenticular deltaic sandstones within the
Upper Cretaceous Kione Formation produce gas from faulted structural traps in
the Willows field area. Production from the Upper Cretaceous Forbes Formation is
present in both fields and is found in a variety of facies deposited within this deepwater marine turbidite system. Traps can be either stratigraphic or fault related.
In 1996 Venoco, Inc. acquired Mobil Oil’s assets in these two fields and took over
operations. The following year Venoco commenced workover operations on existing wellbores and drilled 5 new wells. Results specific to the Forbes Formation supported additional infill drilling locations and the need to re-evaluate the economic
potential of all zones within the Forbes that had mud log gas shows. The majority
of these intervals were interpreted using open hole log data and classified as levee,
overbank, and distal facies within stacked deep-water marine turbidite systems.
These intervals are not the classic “multiple BCF channel type” sandstone reservoirs
which have historically been the primary target of companies involved in this play.
To date Venoco has drilled 330 new well bores with a 70% completion success rate
and performed over 500 workovers. The greater part of this activity has occurred
during the last 4 years and each one of these new wells contains multiple behind
pipe zones with workover potential. The acquisition of additional gas producing
assets in and around the greater Willows and Grimes fields continues to increase
development drilling and workover opportunities and has made Venoco the #1 gas
producer in the Sacramento Basin.
MORRIS, W. R., ConocoPhillips, AK, William.R.Morris@conocophillips.com
COMPARING MODERN AND ANCIENT TURBIDITE CHANNEL AND
CHANNEL-LIKE ELEMENTS: INSIGHT AND ISSUES FOR DEVELOPING A FIRST PRINCIPLE APPROACH TO EXPLOITATION OF DEEPWATER RESERVOIRS
Comparison of modern turbidite channels and ancient turbidite channel deposits and
distinguishing channel and channel-like elements is fraught with significant issues
and hurdles that must be overcome in order to develop a first principle approach to
modeling turbidite channel reservoirs. First, the morphology of modern channels
does not necessarily represent the resulting deposits due to channel aggradation,
migration, or erosion. Another well documented issue is that few outcrops are of
sufficient scale to actually observe the entire channel deposits and its relationship
with associated elements. This leads to a bias in data to only part of the channel or
smaller channelized systems. Another potential issue is that these smaller channel
deposits can have a similar cross-sectional profile and significant overlap of scale
with megascour, thalweg, slump scour, and crevasse channel deposits. In addition,
features such as mud-drapes and basal clay clast conglomerates that have been
used to support channel interpretations, also occur within these other elements.
A second aspect for understanding channel deposits is that there can be significant
spatial and temporal variation in channel type and fill within a system and especially between different types of systems (i.e. basin floor fans vs. slope aprons). Thus,
while channels can be compared between systems to derive general sedimentologic
parameters and processes, outcrop analogs are useful only if like elements are compared, requiring that their type system, physical scales, shape characteristics, sedimentary processes, and time scales (duration of activity) are reasonably similar.
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NEIL, K. L., California State University, Northridge, CA, enviroluv2@aol.
com, and TABIDIAN, M.A., California State University, Northridge, CA, ali.
tabidian@csun.edu
HYDROSTRATIGRAPHY AND AQUIFER CHARACTERISTICS OF THE
SOUTH LAS POSAS BASIN, VENTURA COUNTY, CALIFORNIA
Groundwater is the primary source of water for Ventura County, California.
Whereas approximately 66% and 23% of the county’s water supplies are derived
from local groundwater reservoirs and imported water, respectively, the remaining
supply is from local surface water resources. In order to avert rising water supply
costs and demands and lessen dependency on inter-basin water transfers, a better
characterization and management of local basins such as the South Las Posas Basin (SLPB) groundwater resource in Moorpark, Ventura County, is warranted. The
basin encompasses an area of approximately 10,560 acres and by volume is ninth
of the top ten groundwater basins in Ventura County. Although SLPB has an estimated 1,600,000 acre-feet of storage capacity, the local population relies heavily
on imported water. It is of paramount importance to plan the utilization and conduct the management of the aforementioned groundwater resources. In addition,
with increasing population and environmental concerns, additional constraints are
being placed upon imported water resources.
The purpose of this research was to characterize the basin aquifers by developing the hydrogeologic framework and delineating the water-bearing (hydrostratigraphic) units. A hydrologic budget was developed to better estimate basin storage
values. A comprehensive subsurface analysis of the aquifers was also conducted,
providing an overview of the area’s geology, hydrology, hydrogeology, and water
quality. For better water resource management and planning, all available hydrologic data were assembled in a geo-referenced format. RockWorks™ was used to
integrate geologic, hydrologic, and hydrogeologic data into a 3D hydrostratigraphy
model of the basin. Information obtained from this research can be utilized by local
and regional water agencies to improve current water resource management and
provide a means to assess new water resources as additional or emergency supplies
during prolonged periods of drought.
NELSON, C. H., University of Granada, Spain, hansnelsonugr@hotmail.com
MODERN TURBIDITE SYSTEM DEPOSITIONAL PATTERNS REVISITED
In the late 1960s and early 1970s based on studies of Astoria Fan and of Normark in
the southern California Borderland, two basic depositional patterns of open basin and
restricted basin submarine fans were proposed, later to be renamed mud-rich and sandrich fans. In the early 1980s base of slope, non-channelized sand-rich aprons became
another basic depositional pattern that was observed at the base of steep fault scarps
such as those in caldera basins, trench floors, rift basins, and mini-basins. In the late
1980s and 1990s, intraslope mini-basins with their fill and spill patterns of ponded and
perched fan depositional patterns became evident. At the same time other depositional
patterns of connecting turbidite systems were defined; these include 1) deep-sea channels such as Cascadia, Bounty and Valencia Channels, 2) bypass channels and canyons
along mini-basin pathways such as those in the northern Gulf of Mexico (GOM) and
Nigerian continental slopes, 3) braid plain fans such as those of the Orinoco, North
Atlantic, and Aleutian Island chains, and 4) canyon mouth plunge pools with downstream sediment wave fields, channels, and lobes such as those in Cascadia Basin. New
millennium studies show that even in the same GOM setting, patterns of fan deposition
vary widely from the single channel and lobe of Bryant Fan, to the Rio Grande braid
plain channels, to highly splayed channel patterns of Mississippi Fan. In sum, there is
no unique fan model, many turbidite system depositional patterns are found within the
same continental margin setting such as Cascadia Basin or the GOM, and certain basic
types of patterns are not restricted to active tectonic or passive margin settings. Most of
these depositional patterns of modern turbidite systems have been recognized in ancient
subsurface and outcrop systems; thus present turbidite systems are a key to the past.
NICHOLSON, C., University of California, Santa Barbara, CA, nicholson@
msi.ucsb.edu, KENNETT, J. P., University of California, Santa Barbara,
CA, kennett@geol.ucsb.edu, BEHL, R. J., California State University, Long
Beach, CA, behl@csulb.edu, SORLIEN, C. C., University of California, Santa
Barbara, CA, chris@crustal.ucsb.edu, and the R/V Melville SBCore Team
RECENT STUDIES HELP EXTEND THE ULTRA-HIGH-RESOLUTION
GLOBAL CLIMATE RECORD FROM SANTA BARBARA BASIN BACK
TO PLIOCENE TIME
Santa Barbara Basin provides one of the highest-resolution marine climate records
of the late Quaternary ever recovered. Its unique geologic, tectonic, and oceanographic setting has resulted in a small well-defined bathymetric basin that has proven
highly sensitive for recording detailed changes in global climate and at a resolution similar to Greenland ice cores. Over much of the basin, sedimentation rates
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are remarkably high and uniform (~1 m/kyr over time spans of 1 yr to 1 Myr), and
unaffected by orbital through millennial climatic oscillations. Unfortunately, ODP
Site 893 drilled in 1992 to 200 mbsf only extends to ~160 ka. Detailed mapping of
multichannel seismic (MCS) reflection and chirp data and stratigraphic correlation
with existing well data indicate that continuous Quaternary strata deposited in the
deep paleobathymetric basin were subsequently uplifted, folded, and in places eroded across various young, active fault-related fold structures. These older strata were
mapped in 3D to seafloor outcrop, where they are now accessible to piston coring.
In 2005, we were able to systematically recover substantial sections of these older
sequences back to ~700 ka. Oxygen isotopic studies confirm the presence of millennial- and sub-millennial-scale climatic oscillations similar to those that mark the
latest Quaternary. This includes abrupt decadal-scale warming events, climate flickering, and – in our ~700 ka core – a remarkably periodic (~1200 yr) millennial-scale
climate oscillation never before observed owing to the previous lack of paleoclimate
records of sufficient age and resolution. Four glacial termination records were also
obtained. In November 2008, a high-resolution MCS site survey and piston coring
cruise was conducted to further extend this remarkable record and to test the basin’s
continued sensitivity to global high-frequency climatic oscillations back through the
Mid-Pleistocene Transition (~800 ka to 1.2 Ma). Results confirm the viability of
proposed deeper coring by the Integrated Ocean Drilling Program to recover a continuous, complete ultra-high-resolution global climate record back to at least ~2 Ma.
NOREEN, E. D., Department of Public Works, Bureau of Engineering, Geotechnical Engineering Group, Los Angeles, CA, eric.noreen@lacity.org
MULTI-TEMPORAL LANDSLIDE HAZARD ASSESSMENT AND ANALYSIS UTILIZING IFSAR AND LIDAR IN THE CITY OF LOS ANGELES
In the past nine years a wealth of citywide remote sensing data has been acquired that
can be utilized for enhanced landslide hazard assessment at a level of detail not previously achieved as well as site-specific multi-temporal change detection analysis.
In 2000 the County of Los Angeles acquired digital ortho aerial photos with 1-foot
resolution and a high resolution digital elevation model (DEM) of the entire County created using Interferometric Synthetic Aperture Radar (IFSAR) technology.
The Los Angeles Region Imagery Acquisition Consortium (LAR-IAC) through
2006 acquired citywide aerial imagery with up to 4 inch resolution (4” color orthogonal, 4” color infrared, 6” color oblique) and Digital Terrain Datasets (DTM,
DSM, and DEM) based on Light Detection and Ranging (LiDAR) for urban areas.
The LAR-IAC database is planned to be updated every two years with new imagery and additional spot updates for areas with significant elevation changes since
the first LAR-IAC release, such as grading or landslides. LAR-IAC2, which has
recently been acquired and is still being processed, includes 4” resolution natural
color orthogonal imagery, color oblique aerial digital imagery, and spot update
digital terrain datasets (DTM and DEM).
This combination of data is made more important by the fact that a major El Nino
storm event occurred in the winter of 2004-2005, in the interval between the acquisitions of the two major datasets. Several large ancient and new landslides were reactivated or triggered during the El Nino period. Multi-temporal change detection
analysis of the datasets can reveal the sense of motion and volume change of the
activated slides as well as predict, based on small changes, the incipient reactivation of known large landslides in areas of mapped hazards.
ONDERDONK, N. W., California State University, Long Beach, CA, nonderdo@csulb.edu
ROTATIONAL FOLDING IN THE WESTERN TRANSVERSE RANGES,
CALIFORNIA
Vertical-axis rotation of the western Transverse Ranges during late Miocene time
to the present was accompanied by the development of a fold and thrust belt at the
northern edge of the western Transverse Ranges. These faults and folds exhibit
increased amounts of shortening along strike as a result of differential rotation.
Reconstructed cross-sections across the northern edge of the rotated domain show
that approximately 25% of the total rotation was facilitated by folding of Miocene
and older sedimentary strata. This observation, and similar relationships observed
in fold and thrust belts in other parts of the world, indicate that rotational folding is
an important mechanism in vertical-axis crustal rotation.
Rotational folds exhibit distinct geometric characteristics that can be used to identify
rotational deformation and estimate the amount of rotation. Some identifying characteristics include a consistent change in apical angles along axis, a consistent change
in fold amplitude along axis, and anticline and syncline axes that plunge at different
angles (in some cases opposite directions). In an upright rotational fold pair, the difference between anticline and syncline plunge angles will increase with increasing
rotation and can be used to calculate the rotation amount across one fold wavelength.
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Rotational folding can present complications to the interpretation of paleomagnetic
data. Paleomagnetic vectors collected from the limbs of rotational folds may exhibit
a component of vertical-axis rotation in the opposite sense of the rotation of the fold
axis, and if not restored correctly will result in an underestimation of rotation amount.
OSTER, J. L., University of California, Davis, oster@geology.ucdavis.edu,
MONTANEZ, I. P., University of California, Davis, montanez@geology.ucdavis.edu, and SHARP, W. D., Berkeley Geochronology Center, Berkeley, CA,
wsharp@bgc.org
LATE PLEISTOCENE CALIFORNIA DROUGHTS DURING DEGLACIATION AND ARCTIC WARMING
A stalagmite from Moaning Cave in the central Sierra Nevada (38N), California,
records abrupt changes in stable and radiogenic isotopes and trace elements approximately coeval with the Younger Dryas and Bølling/Allerød climatic events.
The stalagmite precipitated without visible discontinuity from 18 to 8 ka based on
230Th/U dating. 18O and 13C profiles measured along the stalagmite growth
axis are reproducible in off-axis transects, consistent with precipitation of the stalagmite in isotopic equilibrium with drip water.
Moaning Cave speleothem 18O, 13C, [Mg], [Sr], [Ba], and 87Sr/86Sr document sub-centennial changes in water-soil-rock interactions, driven by changes
in precipitation in the Sierra Nevada during the last deglaciation. From 16.5 to
10.6 ka, the Moaning Cave stalagmite proxies record drier and possibly warmer
conditions, signified by elevated 18O, 13C, [Mg], [Sr], and [Ba] and more
radiogenic 87Sr/86Sr, during Northern Hemisphere warm periods (Bølling, early
and late Allerød) and wetter and possibly colder conditions during Northern Hemisphere cool periods (Older Dryas, Inter-Allerød Cold Period, and Younger Dryas).
Despite the influence of local hydrology on the trace element records between 10.6
and 9.6 ka, the Moaning Cave stable isotope records indicate wet conditions persisted in this area well beyond 11.5 ka, suggesting the effects of the Younger Dryas
event may have been longer lived in the western Sierra Nevada than in Greenland.
The Moaning Cave record provides new insight into the climatic impacts of the
Younger Dryas and Bølling/Allerød in California and the teleconnections between
the study region, the North Atlantic, and Europe during abrupt climatic events.
PARRA, J. G., California State University, Northridge, CA, Julie.Parra.76@
csun.edu
NEW ZEALAND’S POVERTY SHELF YIELDS WEALTH OF INFORMATION ON SHALLOW MARINE SEDIMENT DISPERSAL
The Poverty Shelf, North Island, New Zealand, offers an exceptional opportunity
to examine the degree to which terrestrial, climatic, and anthropogenic signals are
propagated onto a shelf and preserved in a tectonically active forearc basin. A total
of 205 cores (94 Kasten, 87 box, and 24 vibra cores) were collected during a January 2005 MARGINS Source-to-Sink cruise aboard the R/V Kilo Moana. Representative sandy core samples examined in this study show three distinct sand types
present within the shelf. Two types contain volcanic lithic debris originating from
the Taupo volcanic zone located directly west of the Poverty Shelf: in one type
(primary volcanic deposit?) volcanic lithics are the dominant component, whereas
in the second type they are admixed with sedimentary lithic debris. The latter type
likely represents reworked tephra associated with fluvial detritus. The third type
is quartzo-feldspathic sand recycled from onshore sedimentary units or alternatively transported into the basin from the south. Anomalous greywacke pebbles in
two box cores support the probability of such an extrabasinal source. This study
provides a critical link between the modern onshore fluvial (Waipaoa River) and
offshore deep-marine systems.
PAULL, C. K., Monterey Bay Aquarium Research Institution, Moss Landing, CA, paull@mbari.org, CARESS, D., Monterey Bay Aquarium Research
Institute, Moss Landing, CA, caress@mbari.org, USSLER, W., III, Monterey
Bay Aquarium Research Institute, Moss Landing, CA, methane@mbari.org,
LUNDSTEN, E., Monterey Bay Aquarium Research Institute, Moss Landing,
CA, eve@mbari.org, and THOMAS, H., Monterey Bay Aquarium Research
Institute, Moss Landing, CA, hthomas@mbari.org
AXIAL CHANNELS OF SUBMARINE CANYONS OFF CALIFORNIA
Ultrahigh-resolution surveys have recently been conducted that outline topography
within the axial channels of eight submarine canyons off California. Multibeam
bathymetry (vertical precision of 0.15 m and horizontal resolution of 1.0 m at 50
m survey altitude) and chirp seismic-reflection profiles (vertical resolution of 0.11
m) were collected from an autonomous underwater vehicle (AUV). An inertial

navigation system combined with a Doppler velocity sonar allows the AUV to fly
through the sinuous canyons at 3 knots on a pre-programmed route while maintaining an ~50 m altitude over bottom.
The submarine canyons that head near the shoreline (Monterey, Hueneme, Mugu,
Redondo, and La Jolla) all contain similar wave-like bedforms with wavelengths
of 20 to 100 m and amplitudes of up to 2.5 m oriented roughly perpendicular to
the channel axis. These bedforms are asymmetric with a steep face on the downcanyon side and a nearly horizontal or slightly up-canyon slope on the up-canyon
side. These bedforms have crescent-shaped crests oriented concave down-canyon.
They are observed to occur throughout the surveys (from ~80 to ~800 m water
depths) and appear to be grouped into genetically similar packages 0.1 to 3 km long
that terminate upslope at a somewhat higher topographic step. Generally, the bedform groups are contained within the axial channel, but some wave-like bedforms
extend up the sidewalls of the canyon. ROV-collected vibracores show that nearseafloor sediments associated with the bedforms are composed of recent coarsegrained gravity flow deposits, which suggest that these canyons are active. In
contrast, the submarine canyons with heads on the outer shelf (Soquel, Santa Monica, and San Mateo) lack these bedforms and have relatively smooth axial channel
floors. ROV-collected vibracores show that these canyons are filled with generally
uniform fine-grained deposits, which suggest that they are inactive. Apparently
wave-like bedforms are a common characteristic of active submarine canyons.
PAULL, C. K., Monterey Bay Aquarium Research Institute, Moss Landing, CA,
paull@mbari.org, USSLER, W., III, Monterey Bay Aquarium Research Institute, Moss Landing, CA, methane@mbari.org, CARESS, D. W., Monterey Bay
Aquarium Research Institute, Moss Landing, CA, caress@mbari.org, and NORMARK, W. R., United States Geological Survey, Menlo Park, CA (deceased)
MORPHOLOGIC EXPRESSION OF GAS HYDRATE GROWTH AND ACCUMULATION WITHIN THE SEAFLOOR OF THE SANTA MONICA BASIN, OFFSHORE CALIFORNIA
Seafloor blister-like mounds, methane migration, and gas hydrate formation were
investigated through detailed seafloor surveys in Santa Monica Basin, offshore of
Los Angeles, California. Two distinct deep-water (≥800 m water depth) bathymetric features were surveyed using an autonomous underwater vehicle equipped with
a multibeam sonar and a chirp sub-bottom profiler, providing 1-m lateral resolution bathymetry and 0.1-m resolution seismic images of the subseafloor stratigraphy. The northerneastern mound was explored with the remotely operated vehicle
Tiburon, which collected sediment core, biological, and methane gas samples. The
mounds are ~10-m-high and ~100-m-wide dome-shaped features, which protrude
from crests of broad anticlines (~20 m high and 1 to 3 km long) formed within
latest Quaternary-aged seafloor sediment by compression between lateral offsets
in regional strike-slip faults. No allochthonous sediment was observed on the
mounds, except for the locally derived slumped material off steep slopes. Continuous streams of methane gas bubbles emanate from the crest of the northeastern
mound, and extensive methane-derived authigenic carbonate pavements, microbial
mats, and chemosynthetic communities mantle the mound surface. The large local
vertical displacement needed to produce these mounds suggests a corresponding
net mass accumulation has occurred within the immediate subsurface. Formation
and accumulation of pure gas-hydrate lenses in the subsurface is proposed as a
mechanism to blister the seafloor and form these mounds.
The high-resolution chirp sub-bottom images allow the stratigraphy to be traced
15 km across the Santa Monica Basin, from ODP Site 1015 (where the upper 100
m is primarily composed of turbidite sands) to the mounds. This tie indicates that
the subsurface section within the gas hydrate stability zone and above the level of
a BSR is sand-rich. This is among the few areas where a marine gas hydrate occurrence in potentially sand-dominated lithologies has been identified.
PERRY, D. L., MACTEC Engineering and Consulting, Inc., Los Angeles, CA,
dlperry@mactec.com, OBORNE, M., Bureau of Engineering, City of Los Angeles, CA, Mark.Oborne@LAcity.org, and OLSON, M. G., Advanced Geoscience, Palos Verdes Estates, CA, mgolson@advancedgeoscience.com
RECENT GEOLOGIC STUDIES ALONG PORTIONS OF THE HOLLYWOOD
FAULT IN THE LOS FELIZ DISTRICT OF LOS ANGELES, CALIFORNIA
Geomorphic features in Holocene–late Pleistocene alluvium in the Los Feliz and
Hollywood Districts are the basis for inferred traces of the Hollywood fault on
geologic maps. Prior subsurface studies in the Hollywood area have confirmed a
north dipping fault zone and south-dipping antithetic faults. New data from a site
in Los Feliz allows us to project the Hollywood fault eastward into the Los Angeles
River floodplain.
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The Hollywood fault extends from north of Beverly Hills to Los Feliz and has
reverse-left lateral slip. Geologic mapping in the hills immediately to the west
of the site indicates a fault juxtaposing granodiorite on the north against Puente
Formation on the south. Possible fault traces to the north are suggested by subdued
linear scarps in alluvial fans.
We conducted a subsurface investigation to identify potential traces of the Hollywood fault that may cross a planned sewer tunnel project. Trench excavations
are unfeasible due to the dense urban environment, shallow groundwater, property
ownership constraints, and underground utilities. Continuously cored borings with
down-hole acoustic televiewer, installed monitoring wells, and seismic reflection/
refraction surveys were used to investigate the fault. We identified a low-angle,
sheared contact between Miocene sedimentary rock and Cretaceous granodiorite
beneath Holocene alluvium in one of the core borings. This sheared contact is interpreted to be within the main fault zone and may be a major splay of the fault.
Seismic profile reflection patterns and sharp lateral velocity variations indicate
a north-dipping fault zone, about 300 feet wide with south-dipping, secondary
traces. A down-to-the-south groundwater elevation change in monitoring wells on
either side of the main fault zone is consistent with studies in the Hollywood District. Changes in alluvial thickness across the fault may be related to either fault
displacement or to irregularities associated with the fluvial/alluvial depositional
environment and related erosion.
PETERSON, C. D., California State University, Long Beach, CA, carlye.peterson@gmail.com, BEHL, R. J., California State University, Long Beach,
CA, behl@csulb.edu, NICHOLSON, C., University of California, Santa Barbara, CA, nicholson@msi.ucsb.edu, LISIECKI, L. E., University of California, Santa Barbara, CA, lisiecki@geol.ucsb.edu, SORLIEN, C. C., University
of California, Santa Barbara, CA, chris@crustal.ucsb.edu
ORBITAL-SCALE CYCLICITY IN SEISMIC REFLECTIONS AND SEDIMENT CHARACTER AS A CLIMATE PROXY IN THE PLIO-PLEISTOCENE MIDDLE PICO FORMATION, SANTA BARBARA, CALIFORNIA
New seismic reflection records from the Santa Barbara Channel suggest that large
parts of the Plio-Pleistocene Pico Formation record climate variability on orbital to
sub-orbital scales with remarkable sensitivity, much like the well-studied sediments
of the last glacial period (ODP Site 893). We propose that acoustic impedance
responds to variations in physical properties of the sediment resulting from oscillations in composition and fabric produced by climatic forcing during deposition.
Where it crops out along the northern shelf of the central Santa Barbara Channel,
the middle Pico (~1.8-1.2 Ma) is a bathyal hemipelagic mudstone with remarkably
rhythmic planar bedding, finely laminated fabric, and well-preserved foraminifera,
none of which have been significantly altered, destroyed or obscured by subsequent post-depositional diagenesis or tectonic deformation. Unlike the coarser,
turbiditic successions in the Ventura and Los Angeles basins, this sequence has the
potential to record late Pliocene-Quaternary global climate change at high resolution. Seismic reflection data (towed chirp) collected on the R/V Melville 2008
Cruise (MV08) image a ~1 km-thick succession of south-dipping seismic reflectors in the middle Pico at a resolution of 10’s of centimeters, penetrating 10’s of
meters below seafloor. The amplitude of these reflectors may be used as a proxy for
global climate oscillations and our preliminary analyses suggest that their periodicity falls within the Milankovitch band. Cores collected from the northern shelf on
the MV08 Cruise cross these strong reflectors, and will be analyzed for chemical
and physical properties, including TOC, CaCO3, and density (gamma ray attenuation) to understand the relationship between climate forcing, sediment material
properties and seismic character.

The seismic wavefield that we record during acquisition contains a large number
of events. Events that have traveled down into the earth, reflected one time from
a lithologic interface and returned to the surface are called signal. Everything else
we put into a category called noise. The problem with much of this noise is that it
can often overwhelm the signal, generally does not decay in amplitude as fast as
the signal, and travels with a significantly slower velocity. To be able to address the
noise in data processing, acquisition parameters designed for the noise, rather than
the signal, need to be considered.
Seismic noise generally travels with a slower velocity than our desired seismic signals and, because of this, requires more stringent acquisition parameters. Smaller
bins, higher fold, and improved distribution of offsets and azimuths are usually the
results of a noise based survey design. Fortunately, the same types of parameter
modifications required to address the noise issues also result in improved sampling
and imaging of our desired signal events.
These principals have been applied to a number of 3D surveys with excellent results. Data examples from the Wichita Mountain front in Oklahoma and the deep
Bossier trend in East Texas demonstrate significant improvements in data quality,
both in the reduction of noise, and the imaging of complex structure. The results
are data sets that are significantly more interpretable.
REID, J. A., U.S. Geological Survey, Santa Cruz, CA, jareid@usgs.gov, and
NORMARK, W. R., U.S. Geological Survey, Menlo Park (deceased)
WHERE DID THEY GO AND HOW BIG WERE THEY? LATEST PLEISTOCENE-AGE CATASTROPHIC FLOODS AND THEIR DEPOSITION IN
THE NE PACIFIC OCEAN
While onshore evidence of latest Pleistocene-age glacial Lake Missoula flooding
effects is well known in the Scablands of the Pacific Northwest, the fate of these
catastrophic floods beyond the Columbia River mouth was largely undefined. Initial
results gathered from Escanaba Trough (ET) in the southern Gorda Ridge (GR) in
1970 (DSDP core 35) and 1996 (ODP site survey and core 1037) linked the Missoula Floods with distinctive turbidites of equivalent age in ET, some 1200 km distant.
In 2003, we evaluated the connective pathway between the Columbia River and
ET using seismic-reflection data, long-range side-scan sonar images, and sediment
core data between the Blanco Fracture Zone (BFZ) and GR.
Upon entering the ocean, sediment in the humongous floodwaters continued moving downslope as hyperpycnally generated turbidity currents. Large-scale landslides on the Oregon margin prevented the flows’ southward movement along the
base of the continental slope, driving these tremendous flows into Cascadia Channel, through BFZ, and onto the Pacific Plate.
The geophysical and sedimentological data indicate that a nearly 90° right hand bend
at BFZ’s southern edge divided the largest turbidity currents into two separate flows:
those portions above the channel margins continued uninhibited by the bend, moving southward and building the Tufts submarine fan. Most of these flows ponded in
basins on GR’s western flank and along the Mendocino Fracture Zone to the south.
The very largest flows breached a shallow sill at ET’s western edge and settled into
the dead-ended Trough. In contrast, the flows remaining confined within the Cascadia Channel continued onto the Tufts Abyssal Plain, 1000 km or more to the west.
Understanding these sediment-transport processes along with the known relationships between other late Pleistocene deposits in ET indicate that more than 7000
km3 of terrigenous sediment were transported into the NE Pacific by latest Pleistocene catastrophic floods.

If Milankovitch cyclicity in the sequence is unequivocally established, it will demonstrate that the Pico Formation is a faithful recorder of global climate change.
This cyclicity, together with high-resolution seismic data, could also provide a dating tool exceeding the resolution of biostratigraphy.

REZAIE BOROON, M. H., California State University, Los Angeles, CA, mrezaie@calstatela.edu, RAMIREZ, P., California State University, Los Angeles, CA, pramir@calstatela.edu, and GNANDI, K., University of Lome, Togo,
kgnandi@yahoo.fr

PRAMIK, W. B., Petroleum Geo-Services, Houston, TX, bill.pramik@pgs.com

GEOCHEMICAL AND PRELIMINARY SEDIMENTOLOGICAL ANALYSIS OF PHOSPHORITES FROM TOGO, WEST AFRICA

IMPROVING THE IMAGING CAPABILITY AND INTERPRETABILITY
OF SEISMIC DATA THROUGH PROPER PARAMETER SELECTION
There have been many recent advances with respect to seismic acquisition technology and each of these, in their own right, has contributed to the continual improvement we see in seismic data quality. There is, however, one technology area that
if properly applied can have a greater impact on seismic data quality than almost
anything else we do. That technology is seismic acquisition parameter selection.
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Phosphatic rocks typically accumulate beneath upwelling systems much like those
that created the Monterey Formation of California and related units. Phosphatic
rocks exposed in southern Togo represent similar environmental conditions. These
lower to middle Eocene phosphatic rocks overlie an attapulgite layer and underlie
non-marine gravels, sands, and clays. Samples retrieved from an actively mined
phosphate-enriched layer varying from 1 to 10s of meters in thickness consist
mostly of moderately to poorly sorted phosphatized pellets, formanifera, and other
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bioclastic debris. Attapulgite clay occurs interstitially and likely represents an alteration product. Sedimentary structures are not evident in the loosely consolidated
samples. However, marine currents likely winnowed and concentrated sediments
following phosphatization. Francolite is the main mineral phase present in the
samples. Geochemically, the rocks show significant enrichment in P2O5 and CaO.
Mean oxide compositions (wt %) are 31.27% P2O5, 43.74% CaO, 9.50% SiO2,
4.30% Al2O3, 2.96% Fe2O3, 0.11 % K2O, 0.19% TiO2, 0.02% MnO, 0.02% MgO,
0.02 % Na2O, and 6.12 % LOI (loss of ignition). Compared to averaged compositions of phosphorite deposits elsewhere around the world, the Togo phosphorites
contain four times as much Cd and Cr, three times as much Cu, twice as much V
and Zn, and 1.5 times as much Ni. Additionally, the phosphatic rocks are depleted
in Zr, U, and Pb with enrichment factors of 0.9, 0.8, and 0.2 respectively. Our
analysis shows that Cd, U, Th, and F are incorporated into the francolite lattices by
isomorphic substitutions. Other heavy metals such as Cr and Cu are absorbed onto
clays, calcite, iron, and manganese. Interestingly, mining operations result in the
Cd enrichment of waste waters leading to significant environmental problems. As
with some of the Miocene pelletal/oolitic phosphatic rocks of California, the Togo
phophorites likely represent sediment accumulated beneath fertile oceanic waters
followed by phosphatization resulting in high phosphorous contents and elevated
Cd and Cu concentrations. Reworking concentrated the sediments.
RICKETTS, J. W., j_ricketts03@hotmail.com, SAINSBURY, J. S., sainsbur@
rohan.sdsu.edu, MUELA, K. K., kristamuela@gmail.com, and GIRTY, G. H.,
ggirty@geology.sdsu.edu, all authors San Diego State University, San Diego, CA
A PRELIMINARY REPORT ON NEW EVIDENCE FOR THE LATE MIOCENE GROWTH OF A SEGMENT OF THE CHOCOLATE MOUNTAINS
ANTICLINORIUM, SOUTHEASTERN CALIFORNIA
Between Indian Pass and Picacho State Recreation Area crystalline basement is
overlain by lower Miocene volcanic rocks. These units are in turn unconformably
overlain by undated alluvial sedimentary rocks of the informally recognized Bear
Canyon conglomerate. On the north limb of the anticlinorium, three steeply dipping faults and associated splays cut this sequence of rocks, consistently offsetting
them in a dextral sense, while a fourth fault at Picacho transects both limbs of the
anticlinorium. Where exposed, fault surfaces contain sub-horizontal slickenlines.
The three westernmost faults appear to tip out into the core of the anticlinorium.
Hence, we speculate that the anticlinorium may have taken up the slip on these
faults through tightening and growth. Over an ~15 km EW distance, the cumulative
dextral offset on the four faults is ~3.5-4 km.
At Picacho, the Bear Canyon conglomerate lies on the northern limb of the anticlinorium. There the lower member of the Bear Canyon dips ~21o northward,
and is unconformably overlain by the ~15o northward-dipping middle member. In
contrast, the unconformably overlying upper member is not tilted.
Between Carrizo Wash and Indian Pass, the Bear Canyon conglomerate lies on
the southern limb of the anticlinorium. Northwest of Carrizo Wash, it dips ~17o
southward. Just NW of Indian Pass, the Bear Canyon dips about 10-20o southward
and is interstratified with the basalts of Black Mountain. The basalts ~2 km SE of
Indian Pass dip ~26o S. Published K-Ar data suggest an age somewhere between
~9.6 and ~13.4 Ma for the basalts of Black Mountain. Hence, our data imply that
the anticlinorium was growing after ~9-13 Ma ago, and that it, and the dextral
strike-slip faults that we have mapped, are the likely record of the development of
a segment of the Eastern California Shear Zone.
RIVERA, K. S., California State University, Northridge, CA, ksr30@juno.
com, and MARSAGLIA, K. M., California State University, Northridge, CA,
kathie.marsaglia@csun.edu
RESERVOIR POTENTIAL AND CHARACTERISTICS OF MIOCENE TO
PLIOCENE SANDSTONE IN THE HIKURANGI FOREARC, NORTH ISLAND, NEW ZEALAND
A study of Miocene to Pliocene sedimentary successions in the Raukumara Region
of North Island, New Zealand was conducted to determine the petrographic characteristics, provenance, and reservoir potential of sandstone interbeds. The section
consists of primarily thinly to moderately bedded, moderately hard to hard mudstones, siltstones, and fine-grained sandstones with lesser fossiliferous sandstones
and limestone. Three exposed intervals (total 420m) were measured, described,
and sampled at spacing ranging from 2 m to 20 m. All outcrop samples were thinsectioned and impregnated with blue-dyed epoxy for porosity identification. Select
samples were then stained for both calcium-rich and potassium-rich feldspar and
covered. To minimize dependency of composition on grain size, 400 sand grains
in each thin section were counted using the Gazzi-Dickinson method. Grid spacing

larger than the maximum grain size was used to minimize the occurrence of multiple counted grains. Counted grains were divided into 19 mineral grain and lithic
fragment compositional categories. Interstitial components were also tallied (e.g.
porosity, matrix, and cement). Sandstone samples vary from lithic to feldspathic
graywackes and calcite-cemented litharenites to feldspathic litharenites. QFL triangular plots of point count data fall within a zone along the boundaries of three
provenance fields; dissected arc, recycled orogen, and transitional arc. Maximum
percent porosity is <10%. Overall porosity can be related to degree of bioturbation
and proportion of volcanic debris. Surprisingly, the highest porosities are associated with tuffaceous intervals in this forearc basin.
ROTH, W., URS, Los Angeles, CA, Wolfgang_Roth@URScorp.com,
OBORNE, M., City of Los Angeles Bureau of Engineering, Mark.Oborne@
LAcity.org, SU, B., URS, Los Angeles, CA, Bei_Su@URScorp.com, and
JENSEN, C., URS Los Angeles, CA, Casey_Jensen@URScorp.com
GEOLOGIC ASPECTS OF STRUT-OVERLOADING IN BRACED EXCAVATIONS ON THE SOUTHERN FLANK OF THE ELYSIAN PARK ANTICLINE, LOS ANGELES, CALIFORNIA
North-south shortening in northern metropolitan Los Angeles is documented both
by geodetic observations (Argus et al, 1999) and by determination of the horizontal
components of measured earthquakes, such as the 1987 M 5.8 Whittier Narrows
earthquake (Shaw and Shearer, 1999). The Elysian Park anticline, trending along
the southern boundary of this defined zone of shortening in eastern Los Angeles, is
interpreted as an active contractile surface structure resulting from slip on the underlying blind Elysian Park reverse fault. Geotechnical investigations in 1995 and
1996 for the Metro Red Line East Extension, as well as a 2001 investigation for
the Gold Line extension, confirmed the generally compressive environment in this
region. Pressure meter measurements conducted in the alluvial deposits overlying
bedrock revealed near-surface in-situ stresses 1.5 to 4 times higher than would
normally be expected in such soils.
Further evidence of excess horizontal stress came in the form of severe strut
overloading experienced in the braced excavations for the Gold Line’s two underground stations on 1st Street at Boyle Avenue and at Soto Street. The shoring
for these 60-ft deep stations had been designed assuming that excess in-situ stress
would readily dissipate during excavation. However, when measured strut loads
increased to up to 3 times the design value, and strut-waler connections began to
buckle, additional struts had to be installed. An investigation into the cause of strut
overloading concluded that shoring deflections were too small for the locked-in
horizontal stress to be sufficiently relieved (Roth et al, 2008). In essence, the requirement for minimizing shoring deflections, aimed at avoiding settlement damage of adjacent buildings, was found to be incompatible with the specified shoringpressure diagram which did not account for the unusually high in-situ stresses.
The basic premise of this paper is that, given the geologic setting of this site,
these horizontal stresses most likely are resultant of regional tectonic movement.
RYAN, H. F., U. S. Geological Survey, Menlo Park, CA, hryan@usgs.gov, COVAULT, J. A., Chevron ETC, San Ramon, CA, jcovault@chevron.com, LEE,
H. J., U. S. Geological Survey, Menlo Park, CA, hjlee@usgs.gov, PAULL, C.
K., Monterey Bay Aquarium Research Institute, Moss Landing, CA, paull@
mbari.org, and CARESS, D. W., Monterey Bay Aquarium Research Institute,
Moss Landing, CA, caress@mbari.org
TECTONIC INFLUENCE ON THE GENERATION OF CYCLIC STEPS
BY TURBIDITY CURRENTS OFFSHORE SAN MATEO POINT, SOUTHERN CALIFORNIA BORDERLAND
Net-erosional cyclic steps and net-depositional sediment wave fields are interpreted from very high-resolution bathymetry and seismic-reflection profiles offshore
of San Mateo Point in the southern California borderland between Los Angeles
and San Diego. These bedforms were likely created by turbidity currents flowing
down the informally named San Mateo channel during glacio-eustatic sea-level
lowstands. Folds at the seafloor associated with the offshore San Mateo thrust fault
influenced the formation of the cyclic steps and sediment waves by creating abrupt
differences in both bed slope and bottom roughness.
A large turbidite complex has formed at the distal end of the San Mateo channel
despite the fact that the drainage basin near San Mateo Point is relatively small and
there is no obvious well-developed river-submarine canyon system. Near San Mateo Point, the drainage basin is dominated by relatively weak Tertiary sedimentary
rocks that are uplifting at rates as high as 0.2 mm/yr (Grant et al., 1999). These
rocks, which include the Capistrano Formation, are prone to extensive landsliding
and may provide the sediment source for the turbidity currents. As a result of the up-
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lift and subsequent erosion of sediment within a steep, localized drainage basin, the
San Mateo submarine channel system has effectively transported significant volumes of sediment from the continent to deeper waters during sea-level lowstands.
SAENZ, J. M., US Department of the Navy, Naval Facilities Engineering
Service Center, EV 411, Port Hueneme, CA, joseph.saenz@navy.mil, GONG,
G., US Department of the Navy, Public Works Department, Port Hueneme,
CA, gilbert.gong@navy.mil, ZAIGER, K., US Department of the Navy, Naval Facilities Engineering Service Center, OF 51, Port Hueneme, CA, kimo.
zaiger1@navy.mil, VANN, D., US Department of the Navy, Naval Facilities
Engineering Service Center, EV 411, Port Hueneme, CA, david.vann1@navy.
mil, and O’NEIL. T. J., Oxnard College, Oxnard, CA, toneil@vcccd.edu
HYDROGEOLOGIC EXPLOITATION OF A RAW WATER RESOURCE
FROM AN UNCONFINED AQUIFER AT COAST GUARD BEACH, SAN
NICOLAS ISLAND, OFFSHORE CALIFORNIA
The US Navy established an integrated technical assessment process to site seven new saltwater intake wells adjacent to a jetty on the shoreline at Coast Guard
Beach, San Nicolas Island, offshore California. The three technical approaches
used for the well siting process included a hydrogeologic survey, a geographic
information system (GIS) shoreline time-series analysis, and an oceanographic assessment of coastal currents and sediment transport. Results integrated from these
three different technical approaches were synthesized to accurately site and install
seven new wells at Coast Guard Beach.
The detailed hydrogeologic survey identified a dynamic and coastal unconfined
aquifer. This aquifer is composed of fine-grained beach sand with a clay-silt layer
encountered at depth. The aquifer has direct hydraulic connection with the Pacific
Ocean, and responds rapidly to tidal fluctuations. Survey results were supplemented with mathematical computations used for specifying well spacing and depth.
GIS analysis of satellite images provided isolines representing shoreline changes
over time. The oceanographic assessment and sediment transport analysis showed
potential impacts on the shoreline by long shore currents and predicted future
shoreward migration of the shore isoline. Analysis of erosion and deposition in the
vicinity of the jetty allowed for accurate saltwater intake well siting and installation
on this dynamic shoreline.
In December 2008, the existing saltwater intake well field was upgraded by installing seven new wells in addition to the three existing wells that provides raw saltwater supply to a Reverse Osmosis Unit (ROU). This upgrade increased the total raw
water supply rate to 250 gpm. Using a unique well design, the wells were installed
near the shoreline to about 25 feet below ground surface. Hydrogeologic materials
provide a native filter for the raw seawater supply prior to transport to the ROU,
where the seawater is converted into potable water to support the Island population.
SAENZ, J. M., US Department of the Navy, Naval Facilities Engineering Service Center, EV 411, Port Hueneme, CA, joseph.saenz@navy.mil, ZAIGER,
K., US Department of the Navy, Naval Facilities Engineering Service Center,
OF 51, Port Hueneme, CA, kimo.zaiger@navy.mil, O’NEIL. T.J., Oxnard College, Oxnard, CA, toneil@vcccd.edu, VANN, D., US Department of the Navy,
Naval Facilities Engineering Service Center, EV 411, Port Hueneme, CA,
david.vann1@navy.mil, DENISON, F., Frank Denison Engineering Geology,
geostudies@aol.com, SIMILA, G., California State University Northridge,
Northridge, CA, gerry.simila@csun.edu
NEW MAPS ASSESSING THE POTENTIAL OFFSHORE SEISMIC HAZARDS USING HIGH-RESOLUTION GEOPHYSICAL AND STRATIGRAPHIC RECORDS OF THE SANTA MARIA AND SANTA BARBARA
BASINS, OFFSHORE CALIFORNIA
New shallow hazard maps were constructed using marine high-resolution seismic
reflection data, well logs, and piston cores. These new shallow hazard maps were
used to investigate geologic structure, stratigraphy, shallow-gas horizons, seismology, and mass movement deposits of an active part of an offshore fault system, the
Hosgri, the Purisima, the Lompoc, and the North Channel Fault systems of the Santa Maria and Santa Barbara Basins, Offshore California. The main active structure
is the Hosgri fault an active right lateral-strike slip fault with a reverse component
of movement of Pliocene to Recent age. In the study area, the fault is 50-km long,
exhibits shallow crustal seismicity, associated with shallow-gas horizons, numerous seafloor features (gas-vent craters, pockmarks, tar mounds, buried channels,
seafloor rubble and hummocks), en-echelon anticlinal folds, and a seafloor scarp.
Shallow structures of fault segments vary in length up to 30-km, and are delineated
using geometric, structural, and stratigraphic information.

from using geophysical data, evidenced by seismic activity, and fluid migration in
seafloor features. Maximum credible earthquake magnitudes, based upon seismic
moment calculations, surface rupture lengths, and vertical surface offsets, suggest
that historic earthquakes (e.g., November 4, 1927 MW 7.3 Lompoc Earthquake)
formed the present seafloor surface expression. Seismically-induced bedrock peak
ground acceleration rates having a 10% probability of being exceeded within a 50
year period range from 0.16 g and 0.21 g.
Gas plumes deeply sourced in the Monterey Formation migrates vertically upward
along faults, anticlinal folds, and steeply dipping beds into near-surface sediment,
and escapes through the seafloor, forming gas-vent craters. Linked to high geothermal gradients and controlled by active tectonics, a relationship between sedimentation rates, fluid migration, and amplification of seismic energy within geologic
structures affect the distribution and size of seafloor features.
SCAMPAVIA, M. R., Mills College, Oakland, CA, margaretscampavia@alumnae.mills.edu , and FAUL, K. L., Mills College, Oakland, CA, kfaul@mills.edu
THE ROLE OF REACTIVE PHOSPHORUS REGENERATION IN CRETACEOUS OCEANIC ANOXIC EVENTS
Previous studies have hypothesized that during mid-Cretaceous Oceanic Anoxic
Events (OAEs) a positive feedback loop was created between increased primary
productivity, anoxic benthic waters, and the preferential release of phosphorus (P)
from sediments. These studies cite unusually high organic carbon (Corg):organic P
ratios in sediments as evidence of P release. However, diagenetic processes in the
sediments convert organic P to less labile forms, such as authigenic P. Therefore,
total reactive P is a more accurate measure of all organic P burial. To evaluate the
evidence for this proposed positive feedback loop during OAEs, P was measured
in Corg-rich black shales corresponding to OAE 2 (93.5 Ma) samples collected on
Ocean Drilling Program (ODP) Leg 207 from Site 1258 (Demerara Rise off the
coast of Suriname). The SEDEX method of extraction was used to measure each
type of P (reactive: organic, authigenic, and oxide-bound, and nonreactive: detrital) separately. The average relative (%) standard deviation for total P (reactive +
nonreactive) was 3.62%.
Preliminary results show the average total P ranged from 9.57-4050 µmol/g, with
an average of 298 µmol/g. Average total reactive P was 36.9 µmol/g (range 5.7480.0 µmol/g), while the average organic P was only 3.47 µmol/g (range 0.36-17.8
µmol/g), which suggests that previous studies relying on Corg:organic P ratios
may have overinflated the actual ratio of Corg:all organic (total reactive) P. These
results may indicate that some other process besides preferential P regeneration
may have been responsible for the high deposition of Corg during OAEs. To verify,
Corg:total reactive P will be determined for these samples. In addition, an unusually high concentration of detrital P in some samples, which ranged from 0.69-3980
µmol/g, may provide evidence for increased terrestrial weathering during OAE 2.
SCHOLL, D. W., University of Alaska Fairbanks and USGS-Retired,
dscholl@usgs.gov, and NORMARK, W. R., Nello spirito e nell’anima presente
WINE-MAKING CONVERSATIONS ABOUT WHERE HAVE ALL THE
HUMONGOUS DEPOSITS OF OCEANIC TURBIDITE SYSTEMS GONE?
Oceanic turbidite systems accumulate above igneous oceanic crust and are commonly humongous in areal and volumetric dimensions. For example, the Zodiac fan
of the Gulf of Alaska is a ~300,000-km3 mass of mostly Oligocene sediment deposited over ~1,000,000 km2 of abyssal sea floor. Other large oceanic systems construct the Amazon cone and flood the Bay of Bengal abyss. In contrast, deep-water
systems that accumulate above continental crust of an ocean margin or borderland
tend to be orders of magnitude smaller. Those of the California Borderland, as
examples, are typically 1000-5000 km2 in expanse and 1000-3000 km3 in volume.
Despite the disproportionate dimensions of large oceanic and small ocean-margin
systems, the rock record of the past 2-3 billion years has disproportionately stored
those of continental margin settings. This circumstance does not apply to Cretaceous and Lower Tertiary rock sequences of the north Pacific rim where turbidite
deposits exhibiting high P/T mineral phases are widely exposed, e.g., the Catalina-Pelona-Orocopia-Rand schist of California, the Chugach-Kodiak complex of
Alaska, and the Shimanto complex of Japan. A Paleozoic example is the Pennsylvanian Western Series of coastal south-central Chile. These accretionary bodies
are exhumed crustal underplates of deeply (15-30 km) subducted oceanic systems.
Nonetheless, older high P/T bodies are uncommonly described and virtually unreported from pre-Neoproterozoic (>1 byr) ocean-margin sequences. Oceanic systems deposited in passive-margin oceans, e.g., the Paleozoic Iapetus and Rheric
oceans of the Atlantic realm, are also mostly missing from the rock record.

We postulate that earthquake energy is amplified in faults and folds, interpreted
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The implication of these observations is that oceanic turbidite systems, even if
temporarily stored as a crustal underplate, are ultimately recycled to the mantle
by the kindred processes of sediment subduction and subduction erosion. This hypothesized fate is linked to the circumstance that oceanic turbidite systems are
mostly deposited on lower plate crust destined for destruction in a subduction zone.
SCHWALBACH, J. R., Aera Energy LLC, Ventura, CA, jrschwalbach@aeraenergy.com, HOLLOWAY, J. W., Aera Energy LLC, Bakersfield, CA, jwholloway@aeraenergy.com, GLASCOCK, M. R., Aera Energy LLC, Bakersfield,
CA, mrglascock@aeraenergy.com, and HARRIS, J. H., Numeric Solutions,
Ventura, CA, harris@numericsolutions.com
TURBIDITES OF THE REPETTO FORMATION, VENTURA AVENUE
FIELD, CALIFORNIA
A thick sequence of deepwater clastics filled the depositional trough of the Ventura-Santa Barbara Basin during the Pliocene. Rocks of Repettian age are represented by both thickly bedded, high-density turbidites and thin-bedded “classical”
turbidites that reflect depositional processes and relate to reservoir quality. Cores
and logs from the Ventura Avenue Field enable us to characterize these rocks and
provide the framework to construct 3D geologic models.
The coarsest units are poorly sorted and contain pebble to granule-sized clasts.
These occur at the base of some depositional packages, commonly have entrained
shale rip-up clasts, and exhibit evidence of local erosion on well-log cross sections.
Medium- to coarse-grained sands are a more common component of the stratigraphic section. These sands are homogeneous to graded and commonly very thickly
bedded (10s of feet), with amalgamated sand-on-sand contacts that likely represent
multiple or surging flows. Some of the medium-to-coarse sand beds have finer
grained caps of Bouma Tb-e subdivisions, although the complete sequence is not
always present. Finally, thin-bedded turbidites (medium sand and finer) commonly
are interbedded with siltstones and hemipelagic shales. These facies packages commonly stack in a predicable manner, and the stratigraphic stacking helps to predict
reservoir net-to-gross. We map the larger scale packages over broad areas of the field.
Conventional core data, thin sections, and mercury injection capillary data (MICP)
indicate the best reservoir quality usually occurs in the finer grained (medium to
very fine sand), better sorted intervals of the thin-bedded facies and in the finer
grained caps of the thicker bedded units. Calibration with well logs indicates these
facies can be difficult to characterize, particularly with older, conventional log
suites. We can improve reservoir characterization by integrating log and core data
with a robust facies model, enhancing our prediction of reservoir properties.
SHLEMON, ROY J., P.O. Box 3066, Newport Beach, CA, rshlemon@jps.net
PERSPECTIVES IN ENGINEERING GEOLOGY: IMPACT OF THE
GREAT 1938 FLOOD IN SOUTHERN CALIFORNIA
The 1938 floods in southern California devastated much of Los Angeles, Orange,
and western Riverside and San Bernardino counties. Debris and mudflows destroyed substantial portions of many foothill communities. Flooding along the Santa Ana River caused the death of ~200 people, inundated much of Anaheim, Garden
Grove, Fountain Valley, and Huntington Beach, and destroyed almost every bridge
from the foothills to the ocean. Also severely damaged and eventually abandoned
were many sections of the Pacific Electric (red cars) system. Discharge along upper
reaches of the Santa Ana River (San Bernardino County) was ~100,000 cfs with
an estimated return frequency of about 20 years. In comparison, the “Noaic,” 1862
flood was three times greater (~300,000 cfs) with an estimated 200-yr recurrence.
The 1938 flood led to passage of the Flood Control Act of 1941, which ultimately
gave rise to canalization of the Los Angeles, Santa Ana, San Gabriel, and other
drainage in southern California; to building of foothill debris basins; and ultimately
to construction of the Prado Dam across the Santa Ana River at Corona and the
more recent, upstream Seven Oaks Dam, ironically astride the active Chino and
San Andreas faults, respectively.
Many 1938 flood scenes in LosAngeles and Orange counties were fortunately captured
by a “hobbyist” on 8-mm imagery, and these will be viewed via a digitally enhanced DVD.
SIMILA, G., California State University, Northridge, CA, gsimila@csun.edu,
HICKS, D., LosAngeles Unified School District, dave.hicks@lausd.net, MCDONNELL, D., Los Angeles Unified School District, daniel.mcdonnell@lausd.net
THE CSUN AND LAUSD COLLABORATIVE PARTNERSHIP FOR 6TH
GRADE EARTH SCIENCE TEACHER PROFESSIONAL DEVELOPMENT

Since 2005 the San Fernando Valley Science Project (SFVSP) at CSUN, funded
by the California Science Project (CSP), has collaborated with the Los Angeles
Unified School District (LAUSD), the nation’s second largest school district (over
700,000 students), to provide professional development for 6th grade earth science
teachers. We also partnered with the University of Wisconsin-Madison (UW-M) to
develop an immersion-based unit on plate tectonics. The UW-M project, entitled
SCALE (System-wide Change for All Learners and Educators), was a NSF-funded
program that teaches individuals involved in professional development (PD) how
to teach K-12 instructors to conduct lessons that are fundamentally grounded on
the “engage-explore-explain” principle rather than the “explain-investigate to confirm” traditional approach. To support the “engage-explore-explain” educational
model, SCALE-led PD workshops provided content knowledge, pedagogical devices, scripts with options, and succinct, inexpensive instructional resources that
teachers could comfortably use and appreciate. A team of four facilitators conducted each workshop. Team members generally represented the four groups involved
in SCALE (a university-based content expert, an LAUSD representative, a SCALE
representative, and an LAUSD teacher who has already been through the program).
Although the program assessments are not complete, preliminary analysis of classroom observational data demonstrates that there are key pedagogical changes to the
delivery of classroom lessons as a result of the PD and improvement of student learning. To supplement the immersion unit on earthquakes, we have also provided an
AS-1 seismograph to record local and teleseismic earthquakes for real data analysis.
SPAFFORD, C. D., University of California, Los Angeles, CA, claired@ucla.edu,
INGERSOLL, R. V., University of California, Los Angeles, CA, ringer@ess.ucla.
edu, and GROVE, M., Stanford University, Stanford, CA, mjgrove@stanford.edu
DETRITAL ZIRCONS AND SANDSTONE PETROFACIES OF THE SESPE
FORMATION, SOUTHERN CALIFORNIA
The upper Eocene-lower Miocene, nonmarine Sespe Formation represents the last
stage of forearc sedimentation in southern California. Detrital-zircon analysis and
sandstone petrology determine provenance of the Sespe, which constrains midTertiary drainage patterns in southern California. The results of this study suggest
that the lower Sespe received material from mid-Cretaceous Peninsular Ranges
Batholith, and Late Cretaceous and Precambrian rocks in the Mojave and Sonoran deserts; the upper Sespe received material dominantly from the Peninsular
Ranges and recycled local sources. The waning extra-regional signal through time
is consistent with documented extension and uplift associated with the end of Laramide flat-slab subduction. Discriminant analysis of sandstone divides the Sespe
into three geographically defined petrofacies: Santa Ana-Santa Monica-Simi (SASM-SI), Pine Mountain (PM), and Santa Ynez (SY); each petrofacies has distinct
sandstone and zircon characteristics. Detrital zircons from the SA-SM-SI petrofacies form the proximal part of the reconstructed basin and have the greatest extraregional signal; PM and SY petrofacies restore father west and south, respectively,
and contain more local and recycled material. Pine Mountain is derived mostly
from local recycled sources, but with some input from the Mojave Desert. SY has a
significant local signal from both the Peninsular Ranges and the adjacent Franciscan Complex, but also received some Mojave detritus. All three petrofacies have a
smaller extra-regional signal in the upper Sespe than the lower Sespe.
STERLING, J. L., Daniel B. Stephens & Associates, Inc., Petaluma, CA, jensterling@dbstephens.com, KEAR, J. L., Daniel B. Stephens & Associates,
Inc., Santa Barbara, CA, jkear@dbstephens.com
SUSTAINABLE WATER RESOURCE EXPLORATION AND DEVELOPMENT: A RETURN TO LOCAL SUPPLY
Over the past century, many wholesale purveyors have addressed water needs by
expanding aqueduct systems to remote water sources. This practice is increasingly
susceptible to regional droughts, environmental regulations, competing demands,
and infrastructure problems. Conveyance of water from remote sources increases
the ‘carbon footprint’ of water supplies, is subject to severance from the population in active tectonic areas, and can be less sustainable than local supplies. With
increased consideration of issues such as sustainability, redundancy, susceptibility
to natural and other disasters, and the ‘carbon footprint’ of water supplies, many
water purveyors are turning toward local and previously discarded sources.
An example of this deliberate search for local groundwater resources is a recent
addition to Signal Hill’s water supply. The Signal Hill water supply was previously
separated from the service population by 7 mi and a major highway bridge. Local groundwater had not been recently considered a viable source as the city lies
within the Long Beach Oil Field. A new well within city limits taps into this previously unused source and reduces the susceptibility to natural and other disasters.

Pacific Sections AAPG • SEPM • SEG 2009 Annual Meeting

59

Another example is Senior Canyon Mutual Water Company (SCMWC), whose water sources consist of local and imported water. Facing significant imported water
rate increases and after a well was eliminated due to water quality issues, SCMWC
is implementing improvements including a suite of local groundwater extraction
wells, replacing lost local supplies, and reducing dependence on water importation.
Sonoma County’s plans for improving redundancy and minimizing the ‘carbon
footprint’ of water are another example of renewed interest in local supplies. Sonoma County Water Agency (SCWA) delivers Russian River water to Sonoma and
northern Marin counties via aqueducts throughout the service area. SCWA is looking to increase local groundwater supply, providing redundancy in water supply,
and tying into SCWA’s goal of zero-carbon water.
TEMENG, A. F., Stanford University, Stanford, CA, atemeng@stanford.edu,
PAULL, C. K., Monterey Bay Aquarium Research Institute, Moss Landing,
CA, paull@mbari.org, COVAULT, J. A., Chevron ETC, San Ramon, CA,
jcovault@chevron.com, RYAN, H., U.S. Geological Survey, Menlo Park,
CA, hryan@usgs.gov, SLITER, R., U.S. Geological Survey, Menlo Park, CA,
rsliter@usgs.gov, CARESS, D., Monterey Bay Aquarium Research Institute,
Moss Landing, CA, caress@mbari.org, GRAHAM, S. A., Stanford University,
Stanford, CA, sagraham@stanford.edu
SUPER-HIGH RESOLUTION SEISMIC-REFLECTION-BASED ANALYSIS OF THE LATE PLIESTOCENE-HOLOCENE HIGHSTAND, ACTIVE
NEWPORT CHANNEL AND ITS DISTRIBUTARIES, SOUTHERN CALIFORNIA BORDERLAND
Super-high-resolution multibeam bathymetry (vertical resolution of 0.15-m and
horizontal resolution of 1 m at 50 m survey altitude) and chirp seismic-reflection
profiles (3.5 kHz; vertical resolution of 0.11 m) were collected by Monterey Bay
Aquarium Research Institute’s Autonomous Underwater Vehicle (AUV) in order to examine fine-scale details of the Holocene-active Newport channel and its
distributaries offshore southern California. The resolution afforded by these data
greatly exceeds industry-standard multichannel seismic-reflection data (typically
10 to 25 m vertical resolution). Recently acquired sparker data (100 to 4000 Hz),
older Huntec deep-tow boomer (800 to 1200 Hz), and WesternGeco multichannel
seismic-reflection data collected since the 1970s are available to analyze coarserscale channel geometry and longer-term depositional evolution. As many as 48
radiocarbon ages from 16 piston cores are available in order to establish a chronostratigraphic framework for the latest Pleistocene and Holocene.
Data show up to three coalescing, southwestward-trending, low relief distributary
channels at 800 m water depth in the western survey whose features stand in sharp
contrast with gentle, nearly flat topography in the eastern survey. The surveys are
separated by the left-lateral Carlsbad Ridge fault. Chirp profiles show the cut-andfill organization of distributary channel-filling turbidites, which have an average
thickness of ~2 m. Distributary channels are depressions <1 km wide, with relief
<4 m from channel floor to levee top. The aim of this research is to study the
stratigraphic architecture of these coalescing distributary channels and characterize their avulsion and depositional history and relationship to the main Newport
channel. Additionally, the fine-scale stratigraphic architecture will be correlated
with well-documented southern California allogenic influences of sedimentation,
including climate, basin tectonics, and sea level. This study provides insight into
the finer-scale geometries and internal characteristics of deep-water channel scours
and fill and the processes and controls on their formation.
TRACY, W., County of Santa Barbara, Dept. of Public Works, Santa Barbara, CA, Tracy@co.santa-barbara.ca.us
ENVIRONMENTAL REMEDIATION, ELLWOOD TRUST PROPERTY,
SANTA BARBARA COUNTY, CALIFORNIA
The 118-acre Goleta Park is slated for preservation as a Trust. The property was
once contaminated from oil field operations that had occurred sixty years prior.
The County purchased the property in 1989. Historical records indicated that the
park was the previous site of the Ellwood Oil Field, located in Goleta 1 mi west
of UCSB, that produced crude oil, refined gasoline, and natural gas from 1929 to
1970. Oil field contamination was found and needed to be remediated.
These wells were marvelous producers of oil and gas. The wells initially flowed
oil at a rate of 12,000 barrels (about 660,000 gallons) per day until their depletion
in the late 1940s. Production figures for the site and vicinity indicate that from
July 1928 to January 1931 a total of 1.3 billion gallons of oil were produced. The
total production of oil was 5.5 trillion gallons for the field. Blowouts of natural gas
occurred when the wells were first drilled into high-pressure pockets of natural
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gas. The natural gas escaped through cracks in the ground near the wells, and was
generally impossible to stop. Once the wells were installed with casing, hundreds
of thousands of gallons of oil were allowed to flow into pits dug in the nearby earth.
The remediation project required 10 years to complete from the time of property acquisition, assessment, and remediation up until completing post remediation monitoring and a closure letter was received from the California Regional Water Quality
Control Board. The project is unique because the property’s previous operators funded
most of the assessment and the remediation. The property contains a number of native
plants and animal species that thrive and remain protected in the open space setting.
VELASQUEZ, C. V., California State University, San Bernardino, CA, velasquc@csusb.edu, MCGILL, S. F., California State University, San Bernardino, CA, smcgill@csusb.edu, BENNETT, R. A., University of Arizona,
Tucson, AZ, rab@geo.arizona.edu, and SPINLER, J., University of Arizona,
Tucson, AZ, jspinler@email.arizona.edu
NEW GEODETIC DATA FOR CRUSTAL DEFORMATION IN THE SAN
BERNARDINO MOUNTAINS AND ONE-DIMENSIONAL ELASTIC
MODELING OF FAULT SLIP RATES IN THE VICINITY
Global Positioning System (GPS) data in the vicinity of the San Bernardino Mountains
are sparse. During the summer of 2008, we gathered GPS data at 16 sites for a time
span of twenty-four hours or more. Differences in rates at the various benchmarks will
be used to infer the amount of elastic strain that is accumulating adjacent to faults in
the vicinity. When combined with prior data collected in 2005, the new data will provide the first GPS velocity vectors for many parts of the San Bernardino Mountains.
In addition to collecting new GPS data, one-dimensional elastic modeling of data
from SCEC’s Crustal Motion Model version 3 (CMM3) was conducted along
a transect through the San Bernardino Mountains from San Clemente Island to
southwestern Nevada. Published Holocene to late Pleistocene slip rates (Peterson
et al., 1996) for faults within the transect do not fit the GPS velocity data from
CMM3. The CMM3 data are best fit by rates in the Eastern California shear zone
(ESCZ) that are higher than rates estimated over geologic time scales, and by rates
for the San Andreas and San Jacinto faults that are lower than published geologic
rates. Locking depths of 13-18 km were used (Peterson et al., 1996). One set of slip
rates that fit the CMM3 data well are as follows: Eastern California shear zone, 20
mm/yr; San Andreas fault, 11 mm/yr; San Jacinto fault, 6mm/yr; Elsinore fault, 5
mm/yr; NIFZ, 2 mm/yr, and Palos Verde fault, 3 mm/yr. The discrepancy between
geologically and geodetically estimated slip rates for the San Andreas and San
Jacinto faults and for the ESCZ could be a result of variations in strain accumulation rates at different stages of the earthquake cycle (for a viscoelastic medium).
WALKER, C. E. B., Occidental of Elk Hills, Tupman, CA, cynthia_walker@
oxy.com, ASHLEY, J., Occidental of Elk Hills, Tupman, CA, joe_ashley@oxy.
com, DIXON, W., Occidental of Elk Hills, Tupman, CA, bill_dixon@oxy.com,
SINE, C. R., Occidental of Elk Hills, Tupman, CA, christopher_sine@oxy.com
DOES 3D SEISMIC ACQUISITION IMPACT GIANT KANGAROO RAT
POPULATIONS? A STUDY IN THE BLM LOKERN PARCEL, KERN CO.,
CALIFORNIA
Occidental of Elk Hills, Inc. (OEHI) plans to acquire a large 3D seismic survey
in the Buena Vista Hills area in Kern County. Permitting surface and minerals is
a complex exercise made more so by numerous regulations imposed by federal
and state environmental agencies. In an effort to demonstrate the low impact and
transitory nature of a 3D seismic survey, OEHI collaborated with the Bakersfield
BLM Field Office and biologists from the Endangered Species Recovery Program
(ESRP) at California State University-Stanislaw to design a field experiment that
would provide quantitative data regarding surface seismic “noise” and population
changes in one endangered species with hearing sensitivity in the low frequency
range, the Giant Kangaroo Rat (Dipodomys ingens), or the GKR.
The study involved capture and recapture of three species of individually marked
kangaroo rats including endangered D. ingens by ESRP biologists over a two
month period before and after a simulated seismic exploration source effort using
both Vibroseis and dynamite conducted by OEHI geophysical staff. Ten 20-ft shotholes, loaded with 2.2 lb dBX pentalite, and ten Vibroseis points, shaken with 3
linear 8-100 Hz sweeps each using one 49,000# truck-mounted vibe at 80% drive,
were conducted along previously disturbed roadways in close proximity to known
active GKR burrow complexes.
The highest peak particle velocity (PPV) measured in the shothole burrow study was
6.040 in/sec at a distance of 9 ft. The highest air-over pressure was 133.7 at this lo-
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cation but ranged from 90-115 dBL. The highest PPV measured in the Vibroseis
burrow study was 0.310 in/sec at 56 ft and highest air-over pressure was 111.2
dBL at 51 ft. The trapping data indicated no adverse impact with no changes in
numbers in study or control areas. Results of this study have positively influenced
geophysical programmatic permit negotiations with environmental agencies.

WOOD, L. J., Bureau of Economic Geology, University of Texas, Austin,
TX, lesli.wood@beg.utexas.edu

WALSH, T. P., tom@petroak.com, MORAHAN, G. T., tmorahan@petroak.
com, GREET, D. N., dgreet@petroak.com, STOKES, P. J., stokes@gci.net,
PANDA, M., manmathpanda@hotmail.com, SINGH, P. K., psingh@petroak.
com, all authors Petrotechnical Resources of Alaska, LLC, Anchorage, AK

New satellite imagery from Mars is revolutionizing our knowledge of the geomorphology of this planet. Although Rovers Opportunity and Spirit provide
“ground truth” on the planet’s surface, much can be learned from quantitative
analysis of the spectacular images pouring from the satellites, Global Surveyor
and the Mars Express that orbit the planet. Geomorphic elements associated
with flowing water are everywhere on Mars. These elements include debris
flows, gullies, debris aprons, all manner of drainage networks, erosional shadows, deltas and deltaic distributaries. One such delta, the Eberswalde Delta is
examined in detail in this talk. The delta is composed of six separate phases of
lobe development and appears to have prograded some 17 km from the apex.
Cross-cutting distributary relationships and compensated deposition of lobes
are clearly visible. Sinuosity, radius of channel curvature, meander bend width,
and channel width parameters are examined for several lobe systems. Channel
sinuosities vary between 1.2 – 1.8, defined by Schumm (1968) as low to moderate sinuosity systems typical of those transporting bed or mixed loads. There
appears to be some convergence between age and sinuosity, however some of
the younger systems show specific reaches of increased sinuosity associated
with abutment against resistant beds of older lobes. This affect of older deposits
on the morphology of the channels suggests that these older lobes were fairly
well indurated prior to the deposition of the youngest progradational lobes. 86%
of distributaries in the Eberswalde Delta are 100-240 meters wide. This number
compares with 62% and 44% in the Atchafalya and Wax Lake Deltas of Louisiana, respectively, although the martian delta nearly 14X larger than these two
deltas. Such small distributaries may indicate lower average and shorter duration flows in the Mars distributaries than those typical of the wetter Gulf Coast
deltas. However, the volume of the material in the Mars deltas suggests long
periods of activity and sediment transport. It is probable that this delta formed
under rather ephemeral flow conditions, with distributaries that were intermittently active transporting a bed-to-mixed load of relatively coarse-grained sediments. The lobes prograded well out into a standing body of water, possibly in
response to fluctuations or regressing water level. Further work should better
quantify the flow conditions and history of this delta and numerous other deltaic
and alluvial features that have been identified on the martian surface.

METHANE HYDRATE RESOURCE POTENTIAL ASSOCIATED WITH
THE BARROW GAS FIELDS
The North Slope of Alaska has significant methane hydrate resource potential,
and results of previous studies suggest that gas hydrates exist in the Barrow
area. Currently, gas from three producing fields provides heating and electricity for Barrow, the economic, transportation, and administrative center of the
North Slope Borough. As energy demands grow, it is important to characterize,
quantify, and evaluate the potential impact of the postulated gas hydrate accumulation to guide future development, and assess the resource value of the hydrates. The Barrow Gas Fields (BGF) provide an excellent opportunity to study
the interaction between a producing free gas reservoir and an overlying hydrate
accumulation. A phased research program is underway, funded jointly by the
U.S. Department of Energy-NETL and the North Slope Borough to prove the
existence of hydrate accumulations associated with the free gas fields, quantify
the size of postulated accumulations, and drill and production test a dedicated
hydrate test well.
Modeling work completed in Phase 1A of the study supports the existence of
methane hydrates in association with the East Barrow and Walakpa Gas Fields.
Phase 1A included sampling and analysis of produced gas, determination of
temperature and pressure gradient, and modeling of hydrate stability. In Phase
1B, a detailed reservoir characterization was completed to: support simulation
of hydrate production methodologies, quantify the hydrate resource, and facilitate selection of an optimum location for a methane hydrate test well.
Phase 2 of the study commenced December 1, 2008, with the goal of drilling a
hydrate test well in late 2010 in the East Barrow Gas Field. This well is intended to collect core from the Barrow Sandstone within the hydrate stability zone,
gather LWD and wireline logs over the hydrate and free gas zones, and produce
free gas while monitoring the interface between free gas and hydrate.

DELTAS ON MARS: A MARTIAN HISTORY OF STANDING WATER
AND MOVING SEDIMENTS
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General & Emergency Information
You are highly encouraged to be aware of safety, security and emergency information at all times. Although
Pacific Sections AAPG, SEPM, and SEG are taking many steps to provide a safe and secure environment, safety
and security are ultimately an individual responsibility. Please be aware of the safest evacuation route relative
to your location at all times during the conference. Know where the exits are.
Emergency Number
911
Hospitals
Community Memorial Hospital (B)
147 N. Brent St.
Ventura, CA 93003
805/652-5011
Emergency Phone Numbers
Ventura County Sheriff’s Dept
(805) 654-2551
Hotel
Ventura Beach Marriott (A)
2055 East Harbor Boulevard
Ventura, California 93001 USA
Phone: 1-805-643-6000
Fax: 1-805-643-7137

Business Center

Directions North:

Copy service
Fax service
Full-service business center
Network/Internet printing
Overnight delivery/pickup
Secretarial service

101 North
Take the Seaward Ave. exit, Exit 68
Take ramp to Beaches/Harbor/Fairground
Turn left on S. Seaward Ave.
Turn right on E. Harbor Blvd.

Parking

Directions South:

$5.00 hourly
$10.00 daily
$15.00 valet per day

101 South
Take Exit 68 towards Seaward Ave.
Turn right on E. Harbor Blvd.
Registration Hours
Check-in: 3:00 pm
Check-out: 12:00 pm
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Restaurants
Cafe Pacifico
Open for breakfast, lunch and dinner
California Cuisine
Other restaurants are nearby
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Wellsite geologists and mudlogging from
the Arctic to the Tropics
• Wellsite & Website Data Services
• Advanced Drill Rig Instrumentation & EDR
• Onshore & Offshore
Doug Milham, President
California Office: 1.805.733.0972
Central America Office: +501.621.2790
Alaska Office: 1.907.563.7002
www.horizon-well-logging.com
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