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Mr. Bennett will present the results of his M.S. and Ph.D. research in the
Gulf of California, México. The Gulf of California is a highly oblique rift
formed by the ongoing dextral-oblique separation of the Pacific and North
America plates. Plate boundary strain localized along this transtensional
portion of the plate boundary broadly coincident with marine incursion of
the Gulf of California seaway, during late Miocene time. Scott will share
the results of his research in Baja California, Sonora, and from large
islands within the Gulf of California, where he has constrained the timing
and location of transtensional faulting and earliest marine strata. The
majority of timing information is derived from detailed geologic mapping
and geochronology along transform fault zones that come onshore across
Isla Tiburón and onto coastal Sonora and were active during the earliest
opening of the Gulf of California. These findings are coupled with a
paleomagnetic transect of regionally extensive Miocene ignimbrite
deposits that spanned across the incipient Pacific-North America plate
boundary, now located on conjugate rift margins, separated >250 km by
subsequent oblique rifting. Scott will also share preliminary results of
map-view reconstructions of the Gulf of California rift from middle
Miocene time to the present.
…Continued on back….
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CALL FOR PAPERS!

Joint PSAAPG / SPE / PSSEPM / PCS-SEG Conference –
Monterey
April 19th – 25th, 2013 at the Portola Hotel & Spa (www.portalahotel.com)
Energy & the Environment – Working Together for the Future
Sessions
1.

Reviving Old Giants and Recognizing New Potential Mature Basins

2.

Opening Up the West: New and Overlooked Opportunities in Unconventional Reservoirs

3.

Sedimentary and Biogeochemistry of the Monterey Formation & Modern Upwelling Sediments: a Session
Dedicated to Bob Garrison

4.

Contributions to the Geology of the Sacramento Valley

5.

Arctic Energy Opportunities: from the Cook Inlet to the North Slope and Beyond

6.

Geothermal Development in a Changing Energy Landscape

7.

Applications of Outcrop, Subsurface and Modern Seafloor Studies of California’s Turbidite Systems to oil and gas
reservoirs: California and beyond‐ a Session in Honor of Donald R. Lowe

8.

The Stratigraphic Architecture of Deep‐Water Deposits: Integrated Data Analysis for Evolving Depositional Models

9.

Fluvial and Shallow‐Marine Depositional Systems: Insights from Outcrops and Subsurface Prediction

10.
0

Faults,
l Folds,
ld Transforms
f
and
d Terranes off Western North
h America
i

11.

Tectonics and Sedimentation on the Pacific Margin of North America: New Developments and Interpretations

12.

Analysis and Modeling of the Dynamics of Coupled Seascapes and Landscapes

13.

Geophysical Methods for Increased Subsurface Resolution and Supporting Regulatory Compliance

14.

Energy and the Environment

15.

Sediment Routing in Western North America

16.

Undergraduate Research Poster Session

© G. Hummel

Submit Your Abstract NOW!
Submit your abstract to: psaapgabs@gmail.com and list what
session you prefer and oral or poster. Deadline for
submission is 1/15/13

posted guidebooks for downloading, as well as
photographs from recent field trips at this web address.
Please check the website for current details.

NCGS 2010 – 2011 Calendar
January 30, 2013
Scott Bennett, PhD Candidate and NCGS Richard
Chambers Memorial Scholarship Awardee, UC Davis
Testing the Role of Rift Obliquity in the Formation of
the Gulf of California
7:00 pm at Orinda Masonic Lodge

Bay Area Science
(http://www.bayareascience.org/)
This website provides a free weekly emailed newsletter
consisting of an extensive listing of local science based
activities (evening lectures, classes, field trips, hikes,
and etc).

February 27, 2013
Dr. David A. Osleger, UC Davis
Paleo-precipitation records from Lake Tahoe cores
7:00 pm at Orinda Masonic Lodge

Association of Engineering
Geologists
San Francisco Section

March 4, 2013
AAPG Distinguished Lecture
Christopher A-L. Jackson, Department of Earth
Science and Engineering, Imperial College
3D seismic reflection and borehole expression of
tectonically-controlled
deep-marine
reservoirs;
examples from the Northern North Sea hydrocarbon
province
Approx. 1:00 P.M. Chevron, San Ramon; TBA

Upcoming Events
Meeting locations rotate between San Francisco, the East
Bay, and the South Bay. Please check the website for
current details. To download meeting details and
registration form go to: http://www.aegsf.org/.

March 27, 2013
Dr. Greg Balco, Berkeley Geochronolgy Center
Applications of cosmogenic-nuclide geochemistry and
low-temperaturethermochronometry to Earth surface
processes
7:00 pm at Orinda Masonic Lodge

USGS Evening Public Lecture Series
The USGS Evening Public Lecture Series events are free
and are intended for a general public audience that may
not be familiar with the science being discussed.
Monthly lectures are usually scheduled for the last
Thursday evening of each month during most of the year
but are occasionally presented on the preceding
Thursday evening to accommodate the speakers. For
more information on the lectures, including a map of the
lecture location (Building 3, 2nd floor; Conference
Room A) go to: http://online.wr.usgs.gov/calendar/

April 19 to 25 April 2013 No April NCGS Meeting!
Pacific Section AAPG Convention
Monterey, CA
May 29, 2013 NCGS Dinner Meeting
7:00 pm at Orinda Masonic Lodge

Thursday, January 24, 2013 Watch Live at 7pm
PST, USGS, Conference Room A, Bldg 3, Menlo
Park, California

June 26, 2013
Dr. Lester McKee and Sarah Pearce, San Francisco
Estuary Institute
TBA
7:00 pm at Orinda Masonic Lodge



Upcoming NCGS Events
Do you have a place you’ve wanted to visit for the
geology? Let us know. We’re definitely interested in
ideas. For those suggestions, or for questions regarding,
field trips, please contact Tridib Guha at:
TridibGuha@yahoo.com.

Peninsula Geologic Society
Upcoming meetings
For an updated list of meetings, abstracts, and field trips
go to http://www.diggles.com/pgs/. The PGS has also
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Exploring the Earth's Crust -- Seismology
Uncovers Hidden Secrets Beneath our Feet,
Walter Mooney, Geophysicist
 During the past century, scientists have dissected
the outer layer of our planet with bold scientific
investigations revealing the deep properties of
the Earth's crust
 Scientific creativity has fostered innovation in
field measurements from the Tibetan Plateau to
the deep Pacific Ocean, and beyond
 New insights are providing clues to processes
that have been shaping the Earth during the past
4.5 billion years
 January Flyer (Acrobat PDF)

California.
Click here for the Release Statement

FYI
California Geological Survey –
Recent Releases








October 26, 2012 - New Official Seismic
Hazard
Zone
Map
Release
The Lick Observatory 7.5-minute Quadrangle is
now
available
Click here to download the map
October 4, 2012 - Map Sheet 60
Geologic Map of the North Lake Tahoe Donner Pass Region, Northern Sierra Nevada,
California.
Click here for the Release Statement
September 21, 2012 - Thirteen new and
revised Official Alquist-Priolo Earthquake
Fault
Zone
Maps
Released.
Areas covered include parts of Alameda,
Imperial, Riverside, San Diego, and Ventura
counties. This release introduces a new graphic
presentation of these regulatory zone maps.
Click here to view or download the new and
revised Official Maps

June 6, 2012 - Special Report 199
Update of Mineral Land Classification for
Portland Cement Concrete-Grade Aggregate in
the Stockton-Lodi Production Consumption
Region, San Joaquin and Stanislaus Counties,
California.
Click here for the Release Statement



April 30, 2012 - Special Report 221
Triggered Surface Slips in Southern California
Associated with the 2010 El Major-Cucapah,
Baja
California,
Mexico,
Earthquake
Click here to view the report



March 28, 2012 - Special Report 223
Mineral Land Classification of the Proposed
Riddle Surface Mine Property Site, Stanislaus
County, California - for Construction Aggregate.
Click here for the Release Statement



March 28, 2012 - Special Report 215
Update of Mineral Land Classification: Concrete
Aggregate in the San Luis Obispo - Santa
Barbara
Production-Consumption
Region,

March 13, 2012 - New Map Release
Geologic maps of the Tehachapi and East Half
of the Taft Quadrangles are now available online
as part of CGS Special Report 217.
Click here to view/download the maps



CGS releases State Geologic Map and State
Fault
Activity
Map.
Printed copies are now available for purchase.
Geologic
Map
Release
Statement
Fault Activity Map Release Statement



Click here for more recent releases!

FYI - CGS now has the entire collection of the
California Geology magazine accessible in an
online searchable database.

July 31, 2012 - Special Report 225
The Oak Creek Post Fire Debris and
Hyperconcentrated Flows of July 12, 2008
Inyo County, California: A Geologic
Investigation
Click here for the Release Statement
Click here to view the report





A New Way to Access CGS Natural
Hazard Information
A collaborative web service called MyPlan has been
established by the California Emergency Management
Agency and the California Natural Resources Agency
(CNRA) to provide a “one-stop shop” for local agency
access to inter-active map information regarding natural
hazards in California. Alongside contributions from Cal
Fire and Water Resources, CGS provides information for
earthquake and tsunami hazards. CGS worked closely
with CNRA developers to ensure accurate representation
of its hazard information, and will continue to provide
more data offerings through this service. Ready access
to these data allows for enhanced dissemination of
agency products to support local land-use and
development decisions, and facilitates preparation and
updating of local hazard mitigation plans. The new site
can
be
accessed
at:
http://hazardmitigation.calema.ca.gov/myplan CGS will
continue to provide natural hazard information through
its own website in addition to the new service.

3

Click here to learn more about the State Geologic Map

Access Interactive Tsunami Maps
using a Google Maps

(Click on the image to access the maps.)

CGS offers online access to AlquistPriolo Earthquake Fault Zone Maps
and GIS data

Click here to learn more about the State Fault Activity
Map
Click here to learn more about the History of Geologic
Maps of California

(See Next Page)
Click here to view/download the maps

Report on a Field Trip:
Caldecott Tunnel Geology
Submitted by Cinda MacKinnon
On November 2nd approximately 40 participants split
into two CalTrans field trip sessions to learn about the
new Fourth Bore of the Caldecott Tunnels and the
geology of the East Bay Hills. We stopped on both sides
of the tunnel to examine steeply dipping outcrops (from
oldest to youngest, west to east) of the marine sandstone
and shale of the Sobrante Formation, Claremont Chert
and Shale, nonmarine conglomerate and sandstones of
the Orinda Formation, and the Moraga volcanics.
History: The original Kennedy Tunnel first connected
Alameda and Contra Costa Counties in 1903. It
measured 1040 feet in length by 17 feet wide, and was
lined with timber. It provided limited access between the
counties due to its steep approaches and narrow width.
In 1928, George Posey, known for the Posey Tube
connecting the cities of Oakland and Alameda County,
supervised the planning of two new lower tunnels and
served as Chief Engineer. Professor George Louderback
evaluated the site geology. Work was completed in
1937.

State Geologic Map and State Fault
Activity Map

By the late 1950’s, daily vehicle counts through the
Caldecott Tunnels reached levels well beyond the
capacity. A third bore started in 1960 was a near
duplicate of the first two bores, except for its larger
profile. The new third bore introduced the “pop-up” lane
change system that redirects traffic in the second bore
depending on the time of day.
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nonmarine strata, as well as volcanic rocks, record the
change in regime from a convergent plate margin to a
transform plate margin.

Engineering: Our first stop was the Caltrans
Construction office in Lafayette for a brief overview by
Ivy Morrison, Public Information Officer and Chris
Risden, Engineering Geologist for Caltrans. They
discussed the New Austrian Tunneling Method
(NATM) as well as of the need for the fourth bore. The
NATM (also known as the Sequential Excavation
Method) is a widely recognized tunneling technique
developed in Europe in the 1960s that uses the
surrounding rock mass as one of the main strength
elements. The flexibility provided by this method allows
engineers to adjust certain reinforcing elements based on
observed rock behavior, while constructing a tunnel at a
reasonable cost and without sacrificing safety to workers
or drivers.
NATM deploys two types of support: an initial lining
of sprayed fiber-reinforced concrete (known as
shotcrete), rock bolts, and lattice girders; and a final
lining consisting of traditional reinforced concrete. The
initial lining is somewhat flexible and allows a
controlled deformation of the rock to achieve
equilibrium. By controlling the deformation of the rock
using various initial lining elements, tunnel engineers
can maximize the strength of the rock mass and reduce
the stresses placed on the final lining.

An activity called “probing” using a drill jumbo was done
once every several rounds of excavation to help assess
conditions immediately ahead and to gradually release trace
levels of gasses and ground water.

Near the west portal of the tunnels, we viewed shaley
marine sandstone typical of what is exposed throughout
the western 200 meters of the fourth bore. This is
thought to be the Sobrante Formation and are the
oldest rocks in the section.

Rock data was collected by drilling several cores along
the proposed alignment. Laboratory tests performed on
the rock cores provided engineers with the data
necessary to categorize the various rock types that would
be encountered during tunnel construction. Engineers
described the strength of each excavated face as
geologists identified the rock types and assessed the
behavior of the rock mass immediately after each round
(8-12 feet) of excavation. Fourteen rock types were
recognized, requiring seven initial lining designs for
support.
Because of the size of the fourth bore (total excavated
dimensions are approximately 50 feet wide x 36-41 feet
high), engineers designed the excavation to occur in
stages, starting with a top heading excavation consisting
of roughly half the opening followed by the bottom half,
called the bench. The tunnel was surveyed to monitor
deformation of the initial lining and “behavior” of the
excavation; additional support measures were then
installed as needed. While the site is not bisected by an
active fault, the Hayward fault runs perpendicular to the
tunnel and very close by. Thus the tunnel is designed to
withstand strong ground shaking.

Along Claremont Avenue we examined the Claremont
Chert and Shale, also known as the Monterey Formation
in other parts of the state; it is a petroleum source rock.
The entire unit is overturned and dips steeply to the
west. These rocks represents deposition in a much
deeper ocean basin than the other formations and
characterize sedimentation in a forearc basin of the
convergent environment. The migration of the
Mendocino Triple Junction marked the cessation of
subduction and closing of the basin. The Claremont is
present in the west and middle section of the tunnel
alignment. Traces of petroleum in these rock spoils
required that they be disposed of at a hazardous waste
site.

Following completion of excavation and installation of
the initial lining, the next step is construction of the final
lining and roadway and installation of rock monitoring
systems.
Geology: The geology is characterized by near vertical,
marine and non-marine sedimentary rocks of Middle to
Late Miocene age (See cross section). Marine and
5

were encountered which weather to clay and hence
weaken rock properties.
Crews are installing the electrical, drainage and
ventilation systems, including 19 jet fans. Following
construction of the final concrete lining, the roadway,
and testing of the monitoring systems, the fourth bore of
the Caldecott Tunnel is expected to open to traffic in late
2013.
Many thanks to Ivy Morrison and Chris Risden of
Caltrans for leading this well organized and informative
field trip. Also thanks to our field trip director Tridib
Guha for another great NCGS field day.
Igneous dike (lighter colored rock) intruding the Claremont
Shale within the tunnel. Note also initial lining protects
workers.

Stunning Marin beach landslide
caught on camera (Photos)

The eastern end of the tunnel penetrates non-marine
shale, sandstone, and conglomerate of the Upper
Miocene Orinda Formation.
An angular
unconformity between the Orinda and underlying
Claremont documents the transition from a convergent
plate margin to a transform plate margin. The rocks of
the Orinda Formation were most likely deposited as part
of an alluvial system during uplift of the San Francisco
Bay Block. Provenance studies show reworked
Claremont chert clasts, but a majority of the sediments
are derived from Franciscan rocks.
Spectacular
exposures of the Orinda are found on the east side of
tunnel. The lower part of the formation contains
estuarine and nearshore marine mollusk fossils, while
the upper part of the formation has produced an
assemblage of land mammals that includes horses,
rhinoceroses, camels, pronghorns, oreodonts, and
gomphotheres as well as significant terrestrial plant
fossils. Excavation required full time paleontology
monitors as part of the environmental mitigation.

From: Tom Stienstra’s Outdoors
http://blog.sfgate.com/stienstra/2013/01/08/stunningmarin-beach-landslide-caught-on-camera-two-galleries/

It started with the sound of a giant crack, like the
Earth was coming apart.
That’s because it was.
In the next 10 seconds, the roar of a thundering landslide
filled the air as a natural rock archway on the Marin
coast buckled and collapsed.
The event was captured in these two photo galleries by
Robert Wills: above, a wide view of the site, before-andafter; below, a sequence that shows the collapse.

Basaltic to andesitic rocks of the Moraga Formation,
also known as the Grizzly Peak volcanics, (9.5Mya)
interfinger with the fluvial sediments. Their origin is
attributed to mantle upwelling into the space formerly
occupied by the subducted slab, as the transform plate
boundary evolved. The contacts are frequently marked
by reddish “bake” zones where the volcanics flowed
over the Orinda Formation. Locally, flows erupted from
Round Top in Sibley Volcanic Regional Preserve just
south of the freeway. Within the tunnel, volcanic dikes

(Robert Wills)

The first two photos were taken about two minutes
before the ultimate collapse. The sequence that follows
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is second-by-second over a 10-second span. If you have
high-speed internet service and click on the photo arrow
quickly, you can make the slide show look like a movie
of the event.

see sections of the cliff that look like fresh scars. So next
time you are at the beach, look around and see how the
cliffs have gradually fallen into the sea and don’t always
trust that that cliff is going to stay there forever.

The landslide took place adjacent to Tennessee Beach at
the beautiful cove and pay-off for the easy hike through
Tennessee Valley in the Marin Headlands. It is one of
the most popular easy hikes in the Bay Area.

To
see
Robert
Wills
blog,
http://www.its.caltech.edu/~rwills/blog.html.

go

to

(Thanks to Keith Nowell for bringing this to our attention!)

Robert Wills, a graduate student at the California
Institute of Technology, was on the beach with his
family, including his father, Chris Wills of the California
Geological Survey. So they had the smarts to know what
they were seeing. At the first sound of the collapse, they
turned and started clicking off photos. Even for
scientists, it is a once-in-a-lifetime event.

Magma in Mantle Has Deep Impact:
Rocks Melt at Greater Depth Than
Once Thought
Magma forms far deeper than geologists previously
thought, according to new research at Rice University.

Robert Wills provided the following narrative:
“I witnessed a spectacular event. I was on a short hike
with my family to Tennessee Beach, just north of the
Golden Gate Bridge in San Francisco. We had come to
see the large waves forecasted for the day associated
with a passing storm and strong winds off the coast. The
waves were indeed spectacular with 10-foot swells
breaking directly onto the sand and even larger waves
visible all the way to the horizon, breaking on a shoal
offshore. But we were in for a far grander spectacle.
“As we were admiring the waves, a crack and the
ensuing sound of a waterfall of rocks caught our
attention. Everyone on the beach spun to see a small
stream of rock flowing down the cliff face below the
arch. I never could have expected what happened next.
Two minutes later, a few chunks of rock fell from the
underside of the arch and I started my camera.

A schematic cross section of the Earth’s interior below
oceanic ridges shows the conditions of magma generation.
Through experimentation on mantle rocks, Rice University
researchers found evidence that magma forms as deep as 250
kilometers inside the Earth's, much deeper than previously
thought. Such melting would help explain apparent
geophysical and geochemical contradictions that have puzzled
geologists for years. (Credit: Graphic by Dasgupta Group)

“Then the arch started to buckle in on itself and squeeze
out rock from beneath it. With this, the collapse of the
arch shortly followed and the entire surrounding hillside
started to slip off into the ocean in a thundering roar.
Boulders the size of a piano crashed into the surf and the
sand, sending up a large splash of debris that got me a
little nervous. It all lasted less than 10 seconds and left
the beach quiet in comparison. T he roar of the surf
nothing compared to the thunder of the rockslide.

A group led by geologist Rajdeep Dasgupta put very
small samples of peridotite under very large pressures in
a Rice laboratory to determine that rock can and does
liquify, at least in small amounts, as deep as 250
kilometers in the mantle beneath the ocean floor. He said
this explains several puzzles that have bothered
scientists.

The sequence of photos from the main collapse provide
a rare glimpse into the mechanics of the powerful,
erosive force of nature. Because these events are
completely unpredictable, there are few examples of
such images (some of the best available landslide videos
can be found on the Landslide Blog).

Dasgupta is lead author of the paper to be published this
week in Nature.

These images show how once the “keystone,” the rock in
the center of the arch, is gone, the arch can no longer
hold its own weight and collapses in on itself.

The mantle is the planet's middle layer, a buffer of rock
between the crust -- the top 5 miles or so -- and the core.
If one could compress millions of years of observation
down to minutes, the mantle would look like a rolling
mass of rising and falling material. This slow but
constant convection brings materials from deep within

While rockfalls like this are not often seen, the presence
of vertical cliffs near the ocean tell us that they are
happening all the time. At most beaches you can even
7

"Our field of research is called experimental petrology,"
he said. "We have all the necessary tools to simulate
very high pressures (up to nearly 750,000 pounds per
square inch for these experiments) and temperatures. We
can subject small amounts of rock samples to these
conditions and see what happens."

the planet to the surface -- and occasionally higher
through volcanoes.
The Rice team focused on mantle beneath the ocean
because that's where the crust is created and, Dasgupta
said, "the connection between the interior and surface
world is established." Silicate melts -- aka magma -- rise
with the convective currents, cool and spread out to form
the ocean crust. The starting point for melting has long
been thought to be at 70 kilometers beneath the seafloor.

They use powerful hydraulic presses to partially melt
"rocks of interest" that contain tiny amounts of carbon to
simulate what they believe is happening under
equivalent pressures in the mantle. "When rocks come
from deep in the mantle to shallower depths, they cross a
certain boundary called the solidus, where rocks begin to
undergo partial melting and produce magmas," Dasgupta
said.

That has confounded geologists who suspected but could
not demonstrate the existence of deeper silicate magma,
said Dasgupta, an assistant professor of Earth science at
Rice.
Scientists determine the mantle's density by measuring
the speed of a seismic wave after an earthquake, from its
origin to other points on the planet. These waves travel
faster through solids than liquids, and geologists have
been surprised to detect waves slowing down through
what should be the mantle's express lane. "Seismologists
have observed anomalies in their velocity data as deep as
200 kilometers beneath the ocean floor," Dasgupta said.
"Based on our work, we show that trace amounts of
magma are generated at this depth, which would
potentially explain that."

"Scientists knew the effect of a trace amount of carbon
dioxide or water would be to lower this boundary, but
our new estimation made it 150-180 kilometers deeper
from the known depth of 70 kilometers," he said.
"What we are now saying is that with just a trace of
carbon dioxide in the mantle, melting can begin as deep
as around 200 kilometers. And when we incorporate the
effect of trace water, the magma generation depth
becomes at least 250 kilometers. This does not generate
a large amount, but we show the extent of magma
generation is larger than previously thought and, as a
consequence, it has the capacity to affect geophysical
and geochemical properties of the planet as a whole."

The research also offers clues to the bulk electrical
conductivity of the oceanic mantle, he said. "The magma
at such depths has a high enough amount of dissolved
carbon dioxide that its conductivity is very high,"
Dasgupta said. "As a consequence, we can explain the
conductivity of the mantle, which we knew was very
high but always struggled to explain."

Co-authors of the paper are Rice graduate student
Ananya Mallik and postdoctoral researcher Kyusei
Tsuno; Research Professor Anthony Withers and Marc
Hirschmann, the George and Orpha Gibson Chair of
Earth and Planetary Sciences, at the University of
Minnesota, and Greg Hirth, a professor of geological
sciences at Brown University.

Because humans have not yet dug deep enough to
sample the mantle directly -- though some are trying -researchers have to extrapolate data on rocks carried up
to the surface. A previous study by Dasgupta determined
that melting in Earth's deep upper mantle is caused by
the presence of carbon dioxide. The present study shows
that carbon not only leads the charge to make carbonate
fluid but also helps to make silicate magma at significant
depths.

The study was supported by the National Science
Foundation and a Packard Fellowship to Dasgupta.
Story Source: The above story is reprinted from
materials provided by Rice University. The original
article was written by Mike Williams.
Journal Reference: Rajdeep Dasgupta, Ananya Mallik,
Kyusei Tsuno, Anthony C. Withers, Greg Hirth, Marc
M. Hirschmann. Carbon-dioxide-rich silicate melt in
the Earth’s upper mantle. Nature, 2013; 493 (7431):
211 DOI: 10.1038/nature11731

The researchers also found carbonated rock melts at
significantly lower temperatures than non-carbonated
rock. "This deep melting makes the silicate
differentiation of the planet much more efficient than
previously thought," Dasgupta said. "Not only that, this
deep magma is the main agent to bring all the key
ingredients for life -- water and carbon -- to the surface
of the Earth."
In Dasgupta's high-pressure lab at Rice, volcanic rocks
are windows to the planet's interior. The researchers
crushed tiny rock samples that contain carbon dioxide to
find out how deep magma forms.
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Environmental Engineering; Rycroft and Barenblatt are
with the Lab’s Computational Research Division and
UC Berkeley’s Department of Mathematics. Barenblatt
is also with the Russian Academy of Science’s Institute
of Oceanology.

Can We Accurately Model Fluid
Flow in Shale?
(Thanks to Keith Nowell for bringing this to our attention!)

The authors studied the physical structure of shales and
posited a general structure with two components. One is
the fine-clay matrix, ordinary rock with nanoscale pores
(pores whose dimensions are measured in billionths of a
meter) and fissures. The other is the kerogen inclusions,
which contain the majority of the oil and gas. The
inclusions may be highly porous, but the oil and gas
have a hard time getting out because of the fine pores in
the surrounding rock; thus they have very low
permeability.

The model developed by Monteiro, Rycroft, and
Barenblatt posits a porous, fissurized matrix (I) with
enough permeability to be treated by standard fluid
mechanics, as well as a kerogen inclusion (II) with very
low permeability. During mining, a boundary layer of
flow forms in the kerogen, as shown by the textured
brown strip. Fluid moves out of the inclusion, indicated
by the red arrows. The evolution of the boundary layer,
analyzed along the coordinate labeled X, is key to the
rate and longevity of the formation’s productivity.

Drilling and mining rapidly reduce pressure on the shale,
and even if the pressure difference inside the kerogen
inclusion and in the surrounding rock isn’t great, the
gradient from inside is steep over a short distance. In this
thin boundary layer, things move and break up: pores
and tubes open up and grow larger, permeability
increases, and fluid begins to flow.

Given that over 20 trillion cubic meters of natural gas, a
third of the United States’ total reserves, are thought to
be trapped in shale, and given the rush to exploit shale
oil and gas resources by Australia, Canada, China, and
other countries around the world—even oil-rich Saudi
Arabia—it’s a wonder that producers still rely on models
of how fluids flow underground that were devised in the
heyday of oil and gas development.

By developing the details of their model, the authors
were able to calculate how rapidly a reservoir starting at
a certain production level would decline and how long it
would remain productive. They then compared their
model’s predictions with data from real gas and oil
fields, including the Eagle Ford, Austin Chalk,
Haynesville, Texas Panhandle, and Barnett fields, and
found good agreement.
Since production from shales in this model depends
crucially on the increase of permeability at the boundary
between matrix and kerogen inclusions, the authors
conclude that “Petroleum scientists and engineers should
find technological methods to improve the efficiency of
the boundary layer further to increase the gas and oil
production.”
For
more
about
this
work,
visit
http://www.pnas.org/content/early/2012/11/21/12190091
09.abstract.

Shale is a sedimentary rock thought to be formed from
silt deposited in still waters, consisting of layered, finegrained clay minerals and, often, organic matter such as
kerogen, the source of oil and gas. Until now, no
mathematical model of gas reservoirs has explicitly
incorporated kerogen in calculating how the gas and oil
become available and how long a reservoir is liable to
keep producing.

Inside the Head of a Dinosaur:
Research Reveals New Information
On the Evolution of Dinosaur Senses
An international team of scientists, including PhD
student Stephan Lautenschlager and Dr Emily Rayfield
of the University of Bristol, found that the senses of
smell, hearing and balance were well developed in
therizinosaurs and might have affected or benefited from
an enlarged forebrain. These findings came as a surprise
to the researchers as exceptional sensory abilities would

The onset of large-scale shale mining calls for a new
approach, and the call has been answered by Paulo
Monteiro, Chris Rycroft, and Grigory Isaakovich
Barenblatt in recent research describing a mathematical
model of fluid and gas flow in nanoporous media.
Monteiro is with Berkeley Lab’s Advanced Light Source
and UC Berkeley’s Department of Civil and
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Fellow author Lawrence Witmer, Chang Professor of
Paleontology at the Ohio University Heritage College of
Osteopathic Medicine said: "Of course the actual brain
tissue is long gone from the fossil skulls but we can use
CT scanning to visualize the cavity that the brain once
occupied and then generate 3D computer renderings of
the olfactory bulbs and other brain parts."

be expected from predatory and not necessarily from
plant-eating animals.

This study has important ramifications for our
understanding of how sensory function evolved in
different dinosaur groups and whether it was developed
as a response to their environment or simply inherited by
their ancestors. In particular, in the light of the transition
from dinosaurs to birds, these results should prove to be
very interesting.

Fossil skull of the Cretaceous therizinosaur Erlikosaurus
andrewsi (Credit: Image by Emily Rayfield, University of
Bristol)

Story Source: The above story is reprinted from
materials provided by University of Bristol.

Therizinosaurs are an unusual group of theropod
dinosaurs which lived between 145 and 66 million years
ago. Members of this group had evolved into up to 7m
(23ft) large animals, with more than 50cm (20in) long,
razor-sharp claws on their forelimbs, elongated necks
and a coat of primitive, down-like feathers along their
bodies. Although closely related to carnivorous
dinosaurs such as Tyrannosaurus rex and Velociraptor,
and in spite of their bizarre appearance, therizinosaurs
were probably peaceful herbivores.

Journal Reference: Stephan Lautenschlager, Emily J.
Rayfield, Perle Altangerel, Lindsay E. Zanno, Lawrence
M. Witmer. The Endocranial Anatomy of
Therizinosauria and Its Implications for Sensory and
Cognitive Function. PLoS ONE, 2012; 7 (12): e52289
DOI: 10.1371/journal.pone.0052289

Best Evidence Yet That Dinosaurs
Used Feathers the Way Peacocks
Do, for Courtship

Inspired by this paradox, the international team of
palaeontologists decided to take the first close look
inside the heads of these enigmatic dinosaurs.
They studied the brain and inner ear anatomy of
therizinosaurs using high-resolution CT scanning and 3D
computer visualisation to find out more about their
sensory and cognitive capabilities and how these had
evolved with the transition from meat- to plant-eating.

A University of Alberta researcher's examination of
fossilized dinosaur tail bones has led to a breakthrough
finding: some feathered dinosaurs used tail plumage to
attract mates, much like modern-day peacocks and
turkeys.

The focus of the study was the skull of Erlikosaurus
andrewsi -- a 3-4m (10-13ft) therizinosaur, which lived
more than 90 million years ago in what is now
Mongolia.
Lead author, Stephan Lautenschlager of Bristol's School
of Earth Sciences said: "Our results suggest that
therizinosaurs would have used their well-developed
sensory repertoire to their advantage which, for
herbivorous animals, must have played an important role
in foraging, in the evasion of predators or in social
complexity.
"This study sheds a new light on the evolution of
dinosaur senses and shows it is more complex than we
thought."
Co-author, Professor Lindsay Zanno of the North
Carolina Museum of Natural History and the North
Carolina State University agrees: "Once you've evolved
a good sensory toolkit, it's probably worth hanging on to,
whether you're hunting or being hunted."

Peacock. A University of Alberta researcher's examination of
fossilized dinosaur tail bones has led to a breakthrough
finding: some feathered dinosaurs used tail plumage to attract
mates, much like modern-day peacocks and turkeys. (Credit:
© qayyum125 / Fotolia)
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"Between the crested head and feathered-tail shaking,
oviraptors had a propensity for visual exhibitionism,"
said Persons.

U of A Paleontology researcher Scott Persons followed a
chain of fossil evidence that started with a peculiar
fusing together of vertebrae at the tip of the tail of four
different species of dinosaurs, some separated in time
and evolution by 45 million years.

Story Source: The above story is reprinted from
materials provided by University of Alberta, via
EurekAlert!, a service of AAAS.

Persons says the final vertebrae in the tails of a group of
dinosaurs called oviraptors were fused together forming
a ridged, blade-like structure. "The structure is called a
pygostyle" says Persons. "Among modern animals only
birds have them."

Journal Reference: W. Scott Persons, IV, Philip J.
Currie, and Mark A. Norell. Oviraptorosaur tail forms
and functions. Acta Palaeontologica Polonica, 2013;
DOI: 10.4202/app.2012.0093

Researchers say fossils of Similicaudiptery, an early
oviraptor, reveals feathers radiating from the fused bones
at the tail tip. Similicaudiptery was not known to be a
flying dinosaur and Persons contends its tail feathers
evolved as a means of waving its feathered tail fans.
No direct fossil evidence of feathers has been found with
the fossils of the oviraptors that followed
Similicaudiptery, but Persons says there is still strong
evidence they had a feathered tail.
Persons reasons that because the later oviraptor had the
same tail structure as the feathered Similicaudipteryx, the
tails of later oviraptors' still served the same purpose,
waving feathered tail fans.
Persons says the hypothesis of oviraptor tail waving is
supported by both the bone and muscle structure of the
tail.
Individual vertebrae at the base of an oviraptor's tail
were short and numerous, indicating great flexibility.
Based on dissections of modern reptile and bird tails,
Persons reconstruction of the dinosaur's tail muscles
revealed oviraptors had what it took to really shake their
tail feathers.
Large muscles extended far down the tail and had a
sufficient number of broad connection points to the
vertebrae to propel oviraptor's tail feathers vigorously
from side to side and up and down.
Oviraptors were two-legged dinosaurs that had already
gone through major diversifications from the iconic,
meat eating dinosaur family. Oviraptors were plant
eaters that roamed parts of China, Mongolia, and Alberta
during the Cretaceous period, the final age of the
dinosaur.
"By this time a variety of dinosaurs used feathers for
flight and insulation from the cold, "said Persons. "This
shows that by the Late Cretaceous dinosaurs were doing
everything with feathers that modern birds do now," said
Persons.
In addition to feathered-tail waving, oviraptors also had
prominent bone crests on their head, which Persons says
the dinosaur also may have used in mating displays.
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Speaker Biography:
Scott received his B.S. in Geology from California State University, Northridge in 2004, studying
Paleozoic pendant rocks and cryptic faults in the southern Sierra Nevada. During his undergraduate years and after
graduation, he worked as an engineering geologist for consulting companies in the Los Angeles and Santa Cruz areas,
providing slope stability and fault rupture recommendations for clients. He returned to academia, and received his M.S. in
Geology from the University of North Carolina, Chapel Hill in 2009, where he began his field research in the Gulf of
California. Scott plans to graduate in March 2013 with a Ph.D. in Geology from the University of California, Davis. Scott
has received multiple awards for his presentations at conferences and grants for his research during his time at UC Davis,
including the 2011-2012 NCGS Richard Chambers Memorial Scholarship. He was also a team-leader for the 1st-place UC
Davis team in the inaugural 2011 National Student Geothermal Competition (DOE). This March, he plans to start a
Mendenhall postdoctoral fellowship with the USGS in Golden, CO, conducting paleoseismic investigations along the
Wasatch fault zone in central Utah.
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