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Rick Wilson, Senior Engineering
Geologist, California Geological
Survey – Tsunami Program
Topic: Addressing California’s Tsunami Hazard
SPEAKER:

California faces tsunami threats from both local and distant sources.
North of Cape Mendocino, large earthquakes on the Cascadia
Subduction Zone have the potential of causing tsunamis greater than
50 feet high as they travel onshore. For areas south of Cape
Mendocino, smaller offshore reverse and thrust faults as well as
submarine landslides are also capable of creating moderate to large
local tsunamis which could impact adjacent coastal communities. All
of California’s coastal communities face a legitimate distant-source
threat capable of producing tsunamis of 20 to 30 feet for portions of
the central coast and 10 to 15 feet for southern California. These
tsunami threats overall put over 300,000 coastal residents and millions
of coastal visitors at risk on a daily basis.
Recent tsunamis, primarily the February 27, 2010 Chilean event and
the March 11, 2011 Japan event, have been wake-up calls for
emergency managers, harbormasters, and other coastal planners.
These two events have resulted in inconsistencies in coastal
evacuation and response, and caused over $100M in damages to 27
harbors in California.
An overview of the tsunami hazard and vulnerability of California
will be summarized. Results from new hazard analyses and new
planning tools being developed by the state will be presented. How
these new tools address preparedness, response, mitigation, and
recovery will also be discussed.
Biography: Mr. Rick Wilson is a Senior Engineering Geologist with

the California Geological Survey who has worked for over 25 years in
the geologic and seismic hazard fields, much of it with the state
Seismic Hazard Mapping Program. For the past ten years, Mr.
Wilson has been the Science Coordinator for the State of California
Tsunami Preparedness and Hazard Mitigation Program, a program
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(continued on back page)

UC Berkeley Earth & Planetary
Science Weekly Seminar Series

NCGS 2016 – 2017 Calendar
February 22, 2017
7:00 pm
Tom Williams, Williams GeoAdventures
The Geology and Landscapes of Iceland

Interesting seminars are presented weekly at EPS
throughout the academic year, generally from late
August through early May.
Seminars are held
Thursdays at 4 pm at 141 McCone. Fall speakers are
listed through May 4, but titles are not currently
available.

March 29, 2017
7:00 pm
Dr. Kim Blisniuk, San Jose State University
Tectonic Geomorphology of San Andreas Fault in
Southern CA

For an updated list of seminars,
http://eps.berkeley.edu/events/seminars.

April 26, 2017
7:00 pm
Dr. Mark Richards, UC Berkeley
Topic to be determined

go

to

A gentle reminder: It’s still Renewal Time!
Our Year Runs From September to September.
If you haven’t already renewed, please use the
Renewal Form on page 13 of this newsletter, or
see the Treasurer at the meeting at registration
time.

May 31, 2017
6:00 pm
Dr. Greg Stock, National Park Service
The Rise and Fall of Sierra Nevada Glaciers
June 28, 2017
7:00 pm
Dr. Matthew J. James, Sonoma State University
Collecting Evolution:
The Galapagos Expedition that Vindicated Darwin

NCGS members are invited to attend any of our
NCGS Board meetings held quarterly throughout
the year (except for summer), generally in
September, January, and May, at the CB&I
(formerly Shaw E&I) offices at 4005 Port Chicago
Hwy, Concord, CA 94520. The next board meeting
has been scheduled for 8:30 to 11 am on January
21, 2017. If you arrive much after 8:30, call
Barbara Matz (415) 713-8482 or Mark Sorensen
(925) 260-6942 to open the door.

NCGS Field Trips
Ray Sullivan, Professor Emeritus at San Francisco State
University, will lead a great field trip, back by popular
demand, to explore subsidence features in the fill south
of Market St., the old S.F. Bay shoreline, earthquake and
fire history, and engineering issues for large downtown
buildings in San Francisco:

Update on Millenium Tower

“A Walk Along The Old Bay Margin In Downtown
San Francisco – Tracing The Events Of The 1906
Earthquake & Fire”

See the following links for updates on the tilting
Millenium Tower at 301 Mission Street, at 58 stories the
largest residential building in downtown SF. A
European Space Agency satellite has assessed that
portions of the building have sunk somewhat faster than
previously measured using basement monitoring points
(which indicated sinking of 1 inch a year), at 1.5 to 2
inches:

Sunday, February 26, 2017
Please see the announcement and sign-up flyer on Page
13 of this newsletter.
Field trips in a preliminary planning stage:
• Geology of Devil's Slide
• Pt. Sal Ophiolite in Santa Barbara Co,
• Convergent Margin Tectonics across Central
California Coast Ranges - Pacheco Pass
• Tuscan Formation volcanic mudflow deposits,
Cascade foothills

http://www.nbcbayarea.com/news/local/ESA-SatelliteData-Confirms-San-Franciscos-Millennium-Tower-isSinking-Shows-Other-Bay-Area-Spots-That-AreMoving-403055746.html
Also, the structural engineer who authored a 2014 report
has provided an updated report in which he concludes
that the building would be able to resist strong
earthquakes, but also that the settling has significantly
increased stress on the foundation slab, by up to 50
percent:

Peninsula Geologic Society
For an updated list of meetings, abstracts, and field trips
go to http://www.diggles.com/pgs/. The PGS has also
posted guidebooks for downloading, as well as
photographs from recent field trips at this web address.
Please check the website for current details.

http://www.nbcbayarea.com/news/local/DevelopersConsultant-Issues-More-Optimistic-Report-onMillennium-Tower-395904081.html
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Fossil fuel formation: Key to
atmosphere’s oxygen?

Mosul Dam Failure Threat
The Mosul Dam on the Tigris River in northern Iraq has
been in the news recently. As stated in a recent
Wikipedia update, the information is sobering: There
are grave threats that the dam is unstable and may fail,
loosening a flood that could inundate Mosul, located 45
miles to the south, in 4 hours, and Baghdad, a city of
7 million at 100 miles to the south, in 45 hours. The
problem is that the earthen embankment dam is located
on gypsum, a soft mineral that dissolves in contact with
water. Continuous maintenance is required to plug, or
grout, new leaks with a liquefied slurry of cement and
other additives. More than 50,000 tons (49,000 long
tons; 55,000 short tons) of material have been injected
into the dam since leaks began forming shortly after the
reservoir was filled in 1986, and 24 machines currently
continuously pump grout into the dam base. Between
1992 and 1998 four sinkholes formed downstream of the
dam and a fifth sinkhole developed east of the dam in
February 2003 that was filled several times. In August
2005 another sinkhole developed to the east.

This black shale, formed 450 million years ago, contains
fossils of trilobites and other organic material that, by
removing carbon from Earth's surface, helped support
increases in oxygen in the atmosphere.
Credit: Jon Husson and Shanan Peters/UW-Madison

A September 2006 report by the United State Army
Corps of Engineers (US COE) noted, "In terms of
internal erosion potential of the foundation, Mosul Dam
is the most dangerous dam in the world." The report
further outlined a worst-case scenario, in which a sudden
collapse of the dam would flood Mosul under 65 feet
(20 m) of water and Baghdad, a city of 7 million, to 15
feet (4.6 m), with an estimated death toll of 500,000.[15]
A report on 30 October 2007 by the US Special
Inspector General for Iraq Reconstruction (SIGIR) said
that the dam's foundations could give way at any
moment. The conflict with Islamic State has only made
things worse, as many workers did not report for work
during and after the time that the dam was occupied by
IS, causing the grouting efforts to flag considerably.
One long-term solution recommended by the US COE
includes the construction of 67-m- (220-ft-) deep walls
around the dam foundation. The project would cost $4
billion and take approximately four to five years to
complete. A recent contract with the Italian firm Trevi is
more modest, covering repairs to the dam, and was
signed in December 2015. Concerns about security (450
new security personnel to protect repair workers) and
other issues delayed initiation of Trevi’s work to
September 2016. We can only hope that it is not too
late.

For the development of animals, nothing -- with the
exception of DNA -- may be more important than
oxygen in the atmosphere.
Oxygen enables the chemical reactions that animals use
to get energy from stored carbohydrates -- from food. So
it may be no coincidence that animals appeared and
evolved during the "Cambrian explosion," which
coincided with a spike in atmospheric oxygen roughly
500 million years ago.
It was during the Cambrian explosion that most of the
current animal designs appeared.
In green plants, photosynthesis separates carbon dioxide
into molecular oxygen (which is released to the
atmosphere), and carbon (which is stored in
carbohydrates).
But photosynthesis had already been around for at least
2.5 billion years. So what accounted for the sudden spike
in oxygen during the Cambrian?
A study now online in the February issue of Earth and
Planetary Science Letters links the rise in oxygen to a
rapid increase in the burial of sediment containing large
amounts of carbon-rich organic matter. The key, says
study co-author Shanan Peters, a professor of geoscience
at the University of Wisconsin-Madison, is to recognize
that sediment storage blocks the oxidation of carbon.

See the link:
https://en.wikipedia.org/wiki/Mosul_Dam#Instability_an
d_remediation

Without burial, this oxidation reaction causes dead plant
material on Earth's surface to burn. That causes the
carbon it contains, which originated in the atmosphere,
to bond with oxygen to form carbon dioxide. And for
oxygen to build up in our atmosphere, plant organic
matter must be protected from oxidation.

There was also a chilling article in a recent New Yorker.
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And that's exactly what happens when organic matter -the raw material of coal, oil and natural gas -- is buried
through geologic processes.

for a long time, going all the way back to Wisconsin
geologist (and University of Wisconsin president)
Thomas Chrowder Chamberlin, that building up oxygen
requires the formation of rocks like this black shale,
which can be rich enough in carbon to actually burn. The
organic carbon in this shale was fixed from the
atmosphere by photosynthesis, and its burial and
preservation in this rock liberated molecular oxygen."

To make this case, Peters and his postdoctoral fellow Jon
Husson mined a unique data set called Macrostrat, an
accumulation of geologic information on North America
whose construction Peters has masterminded for 10
years.

What's new in the current study, Husson says, is the
ability to document this relationship in a broad database
that covers 20 percent of Earth's land surface.

The parallel graphs of oxygen in the atmosphere and
sediment burial, based on the formation of sedimentary
rock, indicate a relationship between oxygen and
sediment. Both graphs show a smaller peak at 2.3 billion
years ago and a larger one about 500 million years ago.

Continual burial of carbon is needed to keep the
atmosphere pumped up with oxygen. Many pathways on
Earth's surface, Husson notes, like oxidation of iron -rust -- consume free oxygen. "The secret to having
oxygen in the atmosphere is to remove a tiny portion of
the present biomass and sequester it in sedimentary
deposits. That's what happened when fossil fuels were
deposited."

"It's a correlation, but our argument is that there are
mechanistic connections between geology and the
history of atmospheric oxygen," Husson says. "When
you store sediment, it contains organic matter that was
formed by photosynthesis, which converted carbon
dioxide into biomass and released oxygen into the
atmosphere. Burial removes the carbon from Earth's
surface, preventing it from bonding molecular oxygen
pulled from the atmosphere."

Story Source: Materials provided by University of
Wisconsin–Madison. Original written by David
Tenenbaum.

Some of the surges in sediment burial that Husson and
Peters identified coincided with the formation of vast
fields of fossil fuel that are still mined today, including
the oil-rich Permian Basin in Texas and the
Pennsylvania coal fields of Appalachia.

Journal Reference: Jon M. Husson, Shanan E. Peters.
Atmospheric oxygenation driven by unsteady growth of
the continental sedimentary reservoir. Earth and
Planetary Science Letters, 2017; 460: 68. DOI:
10.1016/j.epsl.2016.12.012.

"Burying the sediments that became fossil fuels was the
key to advanced animal life on Earth," Peters says,
noting that multicellular life is largely a creation of the
Cambrian.

The First Dinosaurs’
Neighbors: Lagerpetids

Surprise

Today, burning billions of tons of stored carbon in fossil
fuels is removing large amounts of oxygen from the
atmosphere, reversing the pattern that drove the rise in
oxygen. And so the oxygen level in the atmosphere falls
as the concentration of carbon dioxide rises.
The data about North America in Macrostrat reflects the
work of thousands of geoscientists over more than a
century. The current study only concerns North America,
since comprehensive databases concerning the other 80
percent of Earth's continental surface do not yet exist.
The ultimate geological cause for the accelerated
sediment storage that promoted the two surges in oxygen
remains murky. "There are many ideas to explain the
different phases of oxygen concentration," Husson
concedes. "We suspect that deep-rooted changes in the
movement of tectonic plates or conduction of heat or
circulation in the mantle may be in play, but we don't
have an explanation at this point."

New species Buriolestes schultzi, seen here in situ, is one
of the earliest dinosaurs known — and as you can tell
from its teeth, it was no plant eater.
Credit: Cabreira et al.

Holding a chunk of trilobite-studded Ordovician shale
that formed approximately 450 million years ago, Peters
asks, "Why is there oxygen in the atmosphere? The high
school explanation is 'photosynthesis.' But we've known

Two new Triassic species found in Brazil and dating
from the very Dawn of Dinosaurs are filling in some
important gaps in the fossil record, including what one
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of the first dinosaurs ate (hint: not what you might think)
and which other animals shared its space (spoiler alert:
lagerpetids, dinosaur precursors — another surprise).

Schultzie and the Sauropods
Take a good look at the artist rendering of a Triassic
forest foodfest, above. You’ve got a couple of
Ixalerpeton polesinensis (foreground), the new
lagerpetid species described in today’s paper. Behind
these leggy, lithe little dino-precursors you see a trio of
the bigger B. schultzi, an early dinosaur, taking a lunch
break.

A study published today in Current Biology reveals a
doubly delightful find in southern Brazil’s Santa Maria
Formation: fossils from four individuals, including two
new species from the earliest part of the Late Triassic,
228 million to 237 million years ago. Bonus: two of the
specimens are in great shape.

What’s crazy about B. shultzi is that at first glance it
looks like a theropod, the lineage of bipedal, (almost
entirely), carnivorous dinosaurs that includes such
toothy luminaries as T. rex, Allosaurus and Velociraptor.

What makes the discovery even more exciting is that one
of the new species is a dinosaur and the other belongs to
a group of dinosaur precursors called the lagerpetids.
This bolsters the idea that dinos and dino-daddies were
coexisting for longer than we thought: Conventional
thinking had long held that once dinosaurs were on the
scene, the more primitive species quickly went extinct.
(Or, in a variation of that that theme, once the more
primitive species went extinct, dinosaurs quickly moved
in. Either way, the idea is the dinosaurs and lagerpetids
didn’t overlap much).

But after analysis, researchers found that the beautifully
preserved B. shultzi was the most basal, or earliest,
member of Sauropodomorpha. Non-dino groupies might
not know the word, but everyone has seen an illustration
of the sauropodomorphs, at least the later ones, such as
the titanosaurs and, most famously, Brontosaurus. These
sauropods, also part of Sauropodomorpha, were
enormous, quadrupedal herbivores, with long necks and
long tails and giant digestion factories in the middle.

The lagerpetid individual described in today’s paper as
Ixalerpeton polesinensis includes the first skull, shoulder
and forelimb examples from the dinosaur precursors,
which is important for understanding how they
eventually evolved into dinosaurs proper.

But
what
about
the
early
members
of
Sauropodomorpha? Researchers have found a few
examples of transitional animals, such as Pulanesaura,
which was a plant-eating quadruped 190 million years
ago retaining some primitive traits. But now we’ve got
Schultzie, showing us that the earliest members of this
major dino-branch were bipedal and eating whatever
animal they could catch — but plants, eh, not so much.
Scanning the Horizon
There is still a lot of debate about exactly when the first
dinosaur evolved, and where, but today’s announcement
fleshes out an important part of the family tree. Expect
to hear more from the team about the double discovery:
both the dinosaurs and lagerpetids are undergoing CT
scans to reveal more details about the animals.
Story Source: Discover Magazine blog
http://blogs.discovermagazine.com article by Gemma
Tarlach, Nov. 19, 2016.
Journal Reference: Cabreira, S.F., Wilhelm, A.,
Kellner, A., Dias-da-Silva, S., da Silva, L.R., Bronzati,
M., Marsola, J.C. de A., Muller, R.T., Bittencourt, J. de
S., Batista, B.J.A.,Raugust, T., Carrilho, R., Brodt, A.,
and Langer, M.C., Current Biology vol 26, issue 22, pp.
3090–3095, 21 November 2016.

Deep in a Triassic forest, it was a dino-eat-dino world.
Two of three larger Buriolestes schultzi chow down on
prey (including a hapless rhynchosaur, center…the
tongue sticking out is a nice touch, Mr. Illustrator) while
two lagerpetids, dinosaur precursors, scamper in the
foreground (one of them noshing on a caterpillar, the
other possibly doing yoga). Credit: Maurílio Oliveira.
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This eliminated much of the global warming hiatus, an
apparent slowdown in rising surface temperatures
between 1998 and 2012. Many scientists, including the
International Panel on Climate Change, acknowledged
the puzzling hiatus, while those dubious about global
warming pointed to it as evidence that climate change is
a hoax.

Global warming hiatus disproved -again
Study confirms steady warming of oceans for
past 45 years

Climate change skeptics attacked the NOAA researchers
and a House of Representatives committee subpoenaed
the scientists' emails. NOAA agreed to provide data and
respond to any scientific questions but refused to comply
with the subpoena, a decision supported by scientists
who feared the "chilling effect" of political inquisitions.
The new study, which uses independent data from
satellites and robotic floats as well as buoys, concludes
that the NOAA results were correct. The paper is
published Jan. 4 in the online, open-access journal
Science Advances.
"Our results mean that essentially NOAA got it right,
that they were not cooking the books," said lead author
Zeke Hausfather, a graduate student in UC Berkeley's
Energy and Resources Group.

A new UC Berkeley analysis of ocean buoy (green) and
satellite data (orange) show that ocean temperatures
have increased steadily since 1999, as NOAA concluded
in 2015 (red) after adjusting for a cold bias in buoy
temperature measurements. NOAA's earlier assessment
(blue) underestimated sea surface temperature changes,
falsely suggesting a hiatus in global warming. The lines
show the general upward trend in ocean temperatures.

Long-term climate records
Hausfather said that years ago, mariners measured the
ocean temperature by scooping up a bucket of water
from the ocean and sticking a thermometer in it. In the
1950s, however, ships began to automatically measure
water piped through the engine room, which typically is
warm. Nowadays, buoys cover much of the ocean and
that data is beginning to supplant ship data. But the
buoys report slightly cooler temperatures because they
measure water directly from the ocean instead of after a
trip through a warm engine room.

Credit: Zeke Hausfather, UC Berkeley
A controversial paper published two years ago that
concluded there was no detectable slowdown in ocean
warming over the previous 15 years -- widely known as
the "global warming hiatus" -- has now been confirmed
using independent data in research led by researchers
from the University of California, Berkeley, and
Berkeley Earth, a non-profit research institute focused
on climate change.

NOAA is one of three organizations that keep historical
records of ocean temperatures -- some going back to the
1850s -- widely used by climate modelers. The agency's
paper was an attempt to accurately combine the old ship
measurements and the newer buoy data.

The 2015 analysis showed that the modern buoys now
used to measure ocean temperatures tend to report
slightly cooler temperatures than older ship-based
systems, even when measuring the same part of the
ocean at the same time. As buoy measurements have
replaced ship measurements, this had hidden some of the
real-world warming.

Hausfather and colleague Kevin Cowtan of the
University of York in the UK extended that study to
include the newer satellite and Argo float data in
addition to the buoy data.
"Only a small fraction of the ocean measurement data is
being used by climate monitoring groups, and they are
trying to smush together data from different instruments,
which leads to a lot of judgment calls about how you
weight one versus the other, and how you adjust for the
transition from one to another," Hausfather said. "So we
said, 'What if we create a temperature record just from
the buoys, or just from the satellites, or just from the
Argo floats, so there is no mixing and matching of
instruments?'"

After correcting for this "cold bias," researchers with the
National Oceanic and Atmospheric Administration
concluded in the journal Science that the oceans have
actually warmed 0.12 degrees Celsius (0.22 degrees
Fahrenheit) per decade since 2000, nearly twice as fast
as earlier estimates of 0.07 degrees Celsius per decade.
This brought the rate of ocean temperature rise in line
with estimates for the previous 30 years, between 1970
and 1999.
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In each case, using data from only one instrument type -either satellites, buoys or Argo floats -- the results
matched those of the NOAA group, supporting the case
that the oceans warmed 0.12 degrees Celsius per decade
over the past two decades, nearly twice the previous
estimate. In other words, the upward trend seen in the
last half of the 20th century continued through the first
15 years of the 21st: there was no hiatus.

Story Source: Materials provided by University of
California, Berkeley. Original written by Robert
Sanders.
Journal Reference: Zeke Hausfather, Kevin Cowtan,
David C. Clarke, Peter Jacobs, Mark Richardson, Robert
Rohde.
Assessing
recent
warming
using
instrumentally homogeneous sea surface temperature
records. Science Advances, 2017; 3 (1): e1601207. DOI:
10.1126/sciadv.1601207.

"In the grand scheme of things, the main implication of
our study is on the hiatus, which many people have
focused on, claiming that global warming has slowed
greatly or even stopped," Hausfather said. "Based on our
analysis, a good portion of that apparent slowdown in
warming was due to biases in the ship records."

Underwater volcano's eruption
captured in exquisite detail by
seafloor observatory

Correcting other biases in ship records
In the same publication last year, NOAA scientists also
accounted for changing shipping routes and
measurement techniques. Their correction -- giving
greater weight to buoy measurements than to ship
measurements in warming calculations -- is also valid,
Hausfather said, and a good way to correct for this
second bias, short of throwing out the ship data
altogether and relying only on buoys.
Another repository of ocean temperature data, the
Hadley Climatic Research Unit in the United Kingdom,
corrected their data for the switch from ships to buoys,
but not for this second factor, which means that the
Hadley data produce a slightly lower rate of warming
than do the NOAA data or the new UC Berkeley study.

A seismic instrument (long black cylinder, right)
installed in 2013 on a level triangular metal plate on the
seafloor atop Axial Volcano. The green plate holds
electronics that communicate between the instrument
and the orange cable sending data back to shore as part
of the National Science Foundation's Ocean
Observatories Initiative.

"In the last seven years or so, you have buoys warming
faster than ships are, independently of the ship offset,
which produces a significant cool bias in the Hadley
record," Hausfather said. The new study, he said, argues
that the Hadley center should introduce another
correction to its data.

Credit: University
ROPOS

"People don't get much credit for doing studies that
replicate or independently validate other people's work.
But, particularly when things become so political, we
feel it is really important to show that, if you look at all
these other records, it seems these researchers did a good
job with their corrections," Hausfather said.

of

Washington/OOI-NSF/CSSF-

The cracking, bulging and shaking from the eruption of a
mile-high volcano where two tectonic plates separate has
been captured in more detail than ever before. A
University of Washington study published this week
shows how the volcano behaved during its spring 2015
eruption, revealing new clues about the behavior of
volcanoes where two ocean plates are moving apart.

Co-author Mark Richardson of NASA's Jet Propulsion
Laboratory and the California Institute of Technology in
Pasadena added, "Satellites and automated floats are
completely independent witnesses of recent ocean
warming, and their testimony matches the NOAA
results. It looks like the NOAA researchers were right all
along."

"The new network allowed us to see in incredible detail
where the faults are, and which were active during the
eruption," said lead author William Wilcock, a UW
professor of oceanography. The new paper in Science is
one of three studies published together that provide the
first formal analyses of the seismic vibrations, seafloor
movements and rock created during an April 2015
eruption off the Oregon coast. "We have a new
understanding of the behavior of caldera dynamics that
can be applied to other volcanoes all over the world."

Other co-authors of the paper are David C. Clarke, an
independent researcher from Montreal, Canada, Peter
Jacobs of George Mason University in Fairfax, Virginia,
and Robert Rohde of Berkeley Earth. The research was
funded by Berkeley Earth.
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The studies are based on data collected by the Cabled
Array, a National Science Foundation-funded project
that brings electrical power and internet to the seafloor.
The observatory, completed just months before the
eruption, provides new tools to understand one of the
test sites for understanding Earth's volcanism.

The two previous eruptions sent lava south of the
volcano's rectangular crater. This eruption produced lava
to the north. The seismic analysis shows that before the
eruption, the movement was on the outward-dipping ring
fault. Then a new crack or dike formed, initially along
the same outward-dipping fault below the eastern wall of
the caldera. The outward-sloping fault has been
predicted by so-called "sandbox models," but these are
the most detailed observations to confirm that they
happen in nature. That crack moved southward along
this plane until it hit the northern limit of the previous
2011 eruption.

"Axial volcano has had at least three eruptions, that we
know of, over the past 20 years," said Rick Murray,
director of the NSF's Division of Ocean Sciences, which
also funded the research. "Instruments used by Ocean
Observatories Initiative scientists are giving us new
opportunities to understand the inner workings of this
volcano, and of the mechanisms that trigger volcanic
eruptions in many environments.

"In areas that have recently erupted, the stress has been
relieved," Wilcock said. "So the crack stopped going
south and then it started going north." Seismic evidence
shows the crack went north along the eastern edge of the
caldera, then lava pierced the crust's surface and erupted
inside and then outside the caldera's northeastern edge.

"The information will help us predict the behavior of
active volcanoes around the globe," Murray said.
It's a little-known fact that most of Earth's volcanism
takes place underwater. Axial Volcano rises 0.7 miles
off the seafloor some 300 miles off the Pacific
Northwest coast, and its peak lies about 0.85 miles
below the ocean's surface. Just as on land, we learn
about ocean volcanoes by studying vibrations to see
what is happening deep inside as plates separate and
magma rushes up to form new crust.

The dike, or crack, then stepped to the west and followed
a line north of the caldera to about 9 miles (15 km) north
of the volcano, with thousands of small explosions on
the way.
"At the northern end there were two big eruptions and
those lasted nearly a month, based on when the
explosions were happening and when the magma
chamber was deflating," Wilcock said.

The submarine location has some advantages. Typical
ocean crust is just 4 miles (6 km) thick, roughly five
times thinner than the crust that lies below land-based
volcanoes. The magma chamber is not buried as deeply,
and the hard rock of ocean crust generates crisper
seismic images.

The activity continued throughout May, then lava
stopped flowing and the seismic vibrations shut off.
Within a month afterward the earthquakes dropped to
just 20 per day.

"One of the advantages we have with seafloor volcanoes
is we really know very well where the magma chamber
is," Wilcock said. "The challenge in the oceans has
always been to get good observations of the eruption
itself."

The volcano has not yet started to produce more
earthquakes as it gradually rebuilds toward another
eruption, which typically happen every decade or so.
The observatory centered on Axial Volcano is designed
to operate for at least 25 years. "The cabled array offers
new opportunities to study volcanism and really learn
how these systems work," Wilcock said. "This is just the
beginning."

All that changed when the Cabled Array was installed
and instruments were turned on. Analysis of vibrations
leading up to and during the event show an increasing
number of small earthquakes, up to thousands a day, in
the previous months. The vibrations also show strong
tidal triggering, with six times as many earthquakes
during low tides as high tides while the volcano
approached its eruption.

Story Source: Materials provided by University of
Washington. Original written by Hannah Hickey.
Journal Reference: W. S. D. Wilcock, M. Tolstoy, F.
Waldhauser, C. Garcia, Y. J. Tan, D. R. Bohnenstiehl, J.
Caplan-Auerbach, R. P. Dziak, A. F. Arnulf, M. E.
Mann. Seismic constraints on caldera dynamics from
the 2015 Axial Seamount eruption. Science, 2016; 354
(6318): 1395. DOI: 10.1126/science.aah5563.

Once lava emerged, movement began along a newly
formed crack, or dike, that sloped downward and
outward inside the 2-mile-wide by 5-mile-long caldera.
"There has been a longstanding debate among
volcanologists about the orientation of ring faults
beneath calderas: Do they slope toward or away from the
center of the caldera?" Wilcock said. "We were able to
detect small earthquakes and locate them very
accurately, and see that they were active while the
volcano was inflating."
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Rock layers preserve record of
ancient sea tides near Blythe,
California

We wanted to understand the ancient environments these
rocks were formed in by identifying distinct features.
Sedimentary deposits look very different if they are
produced in a lake versus a tidal setting."

Researchers say sedimentary rocks along the rim
of the Colorado River valley have regular tidal
influences and point to uplift over the last 5
million years

Thickness variations of the layers contain clues to
depositional processes, she said. Stronger tides transport
higher loads of sediment. O'Connell's UO team used a
mathematically driven Fourier analysis to graph the
thickness of sedimentary layers in relation to tidal
velocities. The results point to regular tidal cycles rather
than random movements of sediment that would be
produced by tributary river floods, storms, windgenerated lake currents or annual biochemically induced
deposition.

Five million years ago, the Colorado River met the Gulf
of California near the present-day desert town of Blythe,
California. The evidence, say University of Oregon
geologists, is in the sedimentary rocks exposed at the
edges of the valley where the river flows today.

"The stronger and higher the tides, the more sediment is
transported, producing a thicker layer " she said. "Spring
tides produce thick layers of sediment, and neap tides
produce thin layers. Differences in tidal current
velocities are clearly seen in these layers of exposed
sedimentary rocks. This didn't happen in a lake. Lakes
don't have tides large enough to create such variations."

The layers vary rhythmically in thickness, reflecting the
influx of sea current during strong spring and weak neap
tides, and point to 330 meters (1,082 feet) of uplift of the
seafloor in roughly the past 5 million years, said UO
graduate student Brennan O'Connell, lead author on a
paper online ahead of print in the journal Geology.
The findings provide compelling evidence that this
region -- the southern Bouse Formation that is rich in
tidal features -- once was under a northern-reaching,
marine water arm of the Gulf of California. That view
counters the notion that the southern Colorado River
corridor was the southern-most lake of a long chain of
large freshwater lakes that filled during first arrival of
river waters.

Story Source:
Oregon.

Materials provided by University of

Journal Reference: O'Connell, Rebecca J. Dorsey,
Eugene D. Humphreys. Tidal rhythmites in the
southern Bouse Formation as evidence for postMiocene uplift of the lower Colorado River corridor.
Geology, 2016; G38608.1. DOI: 10.1130/G38608.1

"The recognition of tidal deposits in the Bouse
Formation places an important new constraint on uplift
of a broad region from the San Andreas fault to the
western Colorado Plateau over the past 5 million years,"
said co-author Rebecca J. Dorsey, a professor in the UO
Department of Earth Sciences who has studied the river's
route for many years. "This study makes an important
step toward resolving a 20-year-old debate about the
depositional environments and tectonic significance of
this area."

Ancient rocks hold evidence for life
before oxygen
Somewhere between Earth's creation and where
we are today, scientists have demonstrated that
some early life forms existed just fine without
any oxygen.

The Colorado River today takes a meandering journey of
some 160 miles from Blythe, passing under Interstate 10
and flowing mostly southward to where it empties into
the present-day northern reach of the Gulf of California.
The lake perspective on these deposits is based on
geochemical findings, including strontium, carbon and
oxygen isotopes. Scientists supporting the lake theory
have suggested that marine fossils found in the rocks
resulted from birds carrying sea organisms into the
region. The new findings, O'Connell said, complement
evidence by paleontologists who have argued for a
marine environment for more than 50 years based on the
presence of marine fossils.
"We came at it from a new perspective," O'Connell said.
"We focused more on the features of the rocks,
connecting them with both chemistry and paleontology.

This is a microscopic image of 2.5 billion-year-old
sulfur-oxidizing bacterium.
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Credit: Andrew Czaja, University of Cincinnati assistant
professor of geology

According to Czaja, scientists through the years have
theorized that South Africa and Western Australia were
once part of an ancient supercontinent called Vaalbara,
before a shifting and upending of tectonic plates split
them during a major change in the Earth's surface.

While researchers proclaim the first half of our 4.5
billion-year-old planet's life as an important time for the
development and evolution of early bacteria, evidence
for these life forms remains sparse including how they
survived at a time when oxygen levels in the atmosphere
were less than one-thousandth of one percent of what
they are today.

Based on radiometric dating and geochemical isotope
analysis, Czaja characterizes his fossils as having formed
in this early Vaalbara supercontinent in an ancient deep
seabed containing sulfate [sulfide?] from continental
rock. According to this dating, Czaja's fossil bacteria
were also thriving just before the era when other
shallow-water bacteria began creating more and more
oxygen as a byproduct of photosynthesis.

Recent geology research from the University of
Cincinnati presents new evidence for bacteria found
fossilized in two separate locations in the Northern Cape
Province of South Africa.

"We refer to this period as the Great Oxidation Event
that took place 2.4 to 2.2 billion years ago," says Czaja.

"These are the oldest reported fossil sulfur bacteria to
date," says Andrew Czaja, UC assistant professor of
geology. "And this discovery is helping us reveal a
diversity of life and ecosystems that existed just prior to
the Great Oxidation Event, a time of major atmospheric
evolution."

Early recycling
Czaja's fossils show the Neoarchean bacteria in plentiful
numbers while living deep in the sediment. He contends
that these early bacteria were busy ingesting volcanic
hydrogen sulfide -- the molecule known to give off a
rotten egg smell -- then emitting sulfate, a gas that has
no smell. He says this is the same process that goes on
today as modern bacteria recycle decaying organic
matter into minerals and gases.

The 2.52 billion-year-old sulfur-oxidizing bacteria are
described by Czaja as exceptionally large, sphericalshaped, smooth-walled microscopic structures much
larger than most modern bacteria, but similar to some
modern single-celled organisms that live in deepwater
sulfur-rich ocean settings today, where even now there
are almost no traces of oxygen.

"The waste product from one [bacteria] was food for the
other," adds Czaja.

In his research published in the December issue of the
journal Geology of the Geological Society of America,
Czaja and his colleagues Nicolas Beukes from the
University of Johannesburg and Jeffrey Osterhout, a
recently graduated master's student from UC's
department of geology, reveal samples of bacteria that
were abundant in deep water areas of the ocean in a
geologic time known as the Neoarchean Eon (2.8 to 2.5
billion years ago).

"While I can't claim that these early bacteria are the
same ones we have today, we surmise that they may
have been doing the same thing as some of our current
bacteria," says Czaja. "These early bacteria likely
consumed the molecules dissolved from sulfur-rich
minerals that came from land rocks that had eroded and
washed out to sea, or from the volcanic remains on the
ocean's floor.
There is an ongoing debate about when sulfur-oxidizing
bacteria arose and how that fits into the earth's evolution
of life, Czaja adds. "But these fossils tell us that sulfuroxidizing bacteria were there 2.52 billion years ago, and
they were doing something remarkable."

"These fossils represent the oldest known organisms that
lived in a very dark, deep-water environment," says
Czaja. "These bacteria existed two billion years before
plants and trees, which evolved about 450 million years
ago. We discovered these microfossils preserved in a
layer of hard silica-rich rock called chert located within
the Kaapvaal craton of South Africa."

Story Source: Materials provided by University of
Cincinnati. Original written by Melanie Schefft.
Journal Reference: Andrew D. Czaja, Nicolas J.
Beukes, Jeffrey T. Osterhout. Sulfur-oxidizing bacteria
prior to the Great Oxidation Event from the 2.52 Ga
Gamohaan Formation of South Africa. Geology,
2016; 44 (12): 983. DOI: 10.1130/G38150.1.

With an atmosphere of much less than one percent
oxygen, scientists have presumed that there were things
living in deep water in the mud that didn't need sunlight
or oxygen, but Czaja says experts didn't have any direct
evidence for them until now.
Czaja argues that finding rocks this old is rare, so
researchers' understanding of the Neoarchean Eon are
based on samples from only a handful of geographic
areas, such as this region of South Africa and another in
Western Australia.
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levels from chemical analyses of these samples with
those from identical analyses performed in 2010.

Groundwater helium level could
signal potential risk of earthquake

"After careful analysis and calculations, we concluded
that the levels of helium-4 had increased in samples that
were collected near the epicenter due to the gas released
by the rock fractures," says lead author Yuji Sano, a
professor at the University of Tokyo's Atmosphere
Ocean Research Institute.

Earthquake shows link between helium levels
and stress on rock layer

Furthermore, scientists estimated the amount of helium
released by the rocks through rock fracture experiments
in the laboratory using rock samples that were collected
from around the earthquake region. They also calculated
the amount of strain exerted at the sites for groundwater
sample collection using satellite data. Combined, the
researchers found a positive correlation between helium
amounts in groundwater and the stress exertion, in which
helium content was higher in areas near the epicenter,
while concentrations fell further away from the most
intense seismic activity.
"More studies should be conducted to verify our
correlation in other earthquake areas," says Sano. "It is
important to make on-site observations in studying
earthquakes and other natural phenomena, as this
approach provided us with invaluable insight in
investigating the Kumamoto earthquake," he adds.

Groundwater samples were obtained from seven
locations in the Futagawa-Hinagu fault zones in the
Kumamoto region. The locations are marked as yellow
squares (denoted HRY, TMN, UKI, KKC, OTS, AJS, and
MFN) on the map. The epicenters of the two tremors that
preceded the main quake and the main shock are shown
in red circles.
Credit: 2016 Yuji Sano

Story Source:
Tokyo.

Materials provided by University of

Journal Reference: Yuji Sano, Naoto Takahata,
Takanori Kagoshima, Tomo Shibata, Tetsuji Onoue,
Dapeng Zhao. Groundwater helium anomaly reflects
strain change during the 2016 Kumamoto
earthquake in Southwest Japan. Scientific Reports,
2016; 6: 37939. DOI: 10.1038/srep37939.

Japanese researchers have revealed a relationship
between helium levels in groundwater and the amount of
stress exerted on inner rock layers of Earth, found at
locations near the epicenter of the 2016 Kumamoto
earthquake. Scientists hope the finding will lead to the
development of a monitoring system that catches stress
changes that could foreshadow a big earthquake.

Giant iceberg, 5,000 square
kilometers, set to calve from Larsen
C Ice Shelf, Antarctica

Several studies, including some on the massive
earthquake in Kobe, Japan, in 1995, have indicated that
changes to the chemical makeup of groundwater may
occur prior to earthquakes. However, researchers still
needed to accumulate evidence to link the occurrence of
earthquakes to such chemical changes before
establishing a strong correlation between the two.
A team of researchers at the University of Tokyo and
their collaborators found that when stress exerted on
Earth's crust was high, the levels of a helium isotope,
helium-4, released in the groundwater was also high at
sites near the epicenter of the 2016 Kumamoto
earthquake, a magnitude 7.3 quake in southwestern
Japan, which caused 50 fatalities and serious damage.
The team used a submersible pump in deep wells to
obtain groundwater samples at depths of 280 to 1,300
meters from seven locations in the fault zones
surrounding the epicenter 11 days after the earthquake in
April 2016. They compared the changes of helium-4
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The crack through Larsen C ice shelf is visible as a dark
line from bottom right to top left of this satellite image.
Image captured on 26 October 2016.

"Because of the uncertainty surrounding the stability of
the Larsen C ice shelf, we chose not to camp on the ice
this season. Researchers can now only do day trips from
our Rothera Research Station with an aircraft nearby on
standby."

Credit: Image courtesy of British Antarctic Survey
A huge iceberg, roughly the size of the county of
Norfolk in the United Kingdom or the state of Delaware
in the United States, looks set to break away from the
Larsen C ice shelf on the Antarctic Peninsula. Satellite
observations from December 2016 show a growing
crack in the ice shelf that suggests that an iceberg with
an area of up to 5,000 square kilometers is likely to calve
soon.

Satellite technology
Dr Andrew Fleming, Remote Sensing Manager at British
Antarctic Survey, said, "We use regular satellite images
provided by the European Sentinel satellites to monitor
cracks in the ice shelf. These images are perfect for
following these changes since they provide detailed
information, day or night and regardless of cloud cover."

British Antarctic Survey researchers have a long running
research program to monitor ice shelves from both above
and below to understand the causes and implications of
the rapid changes observed in the region.

About ice shelves
An ice shelf is a floating extension of land-based
glaciers that flow into the ocean. Because they already
float in the ocean, their melting does not directly
contribute to sea-level rise. However, ice shelves act as
buttresses holding back glaciers flowing down to the
coast. Larsen A and B ice shelves, which were situated
further north on the Antarctic Peninsula, collapsed in
1995 and 2002, respectively. This resulted in the
dramatic acceleration of glaciers behind them, with
larger volumes of ice entering the ocean and contributing
to sea-level rise.

During the current Antarctic field season, a glaciology
research team has been on Larsen C using seismic
techniques to survey the seafloor beneath the ice shelf.
Because a break up looks likely the team has not set up
camp on the ice as usual. Instead they have made field
trips by twin otter aircraft supported from Rothera
Research Station.
Ice shelves in normal situations produce an iceberg
every few decades. There is not enough information to
know whether the expected calving event on Larsen C is
an effect of climate change or not, although there is good
scientific evidence that climate change has caused
thinning of the ice shelf. Once the iceberg has calved,
the big question is whether the entire ice sheet may
collapse. This is something that British Antarctic Survey
teams have been monitoring and why glaciologists were
deployed to work on Larsen C in the past few weeks.

Story Source: Materials provided by British Antarctic
Survey.
Website Citation: British Antarctic Survey. "Giant
iceberg, 5,000 square kilometers, set to calve from
Larsen C Ice Shelf, Antarctica." ScienceDaily, 6
January
2017.
www.sciencedaily.com/releases/2017/01/170106131954.
htm

Glaciologist Professor David Vaughan OBE, Director of
Science at British Antarctic Survey, said, "The calving
of this large iceberg could be the first step of the
collapse of Larsen C ice shelf, which would result in the
disintegration of a huge area of ice into a number of
icebergs and smaller fragments.
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NORTHERN CALIFORNIA GEOLOGICAL SOCIETY

“A WALK ALONG THE OLD BAY MARGIN IN DOWNTOWN SAN FRANCISCO –
TRACING THE EVENTS OF THE 1906 EARTHQUAKE & FIRE”
SUNDAY February 26 2017

Leaders: Raymond Sullivan, Professor Emeritus, SFSU and Greg Bartow, CA
State Parks
This walk through downtown San Francisco is part of the Northern California Geological Society field trip
program for 2017. We will spend the day reliving the events that occurred on the first day of the April 18, 1906
earthquake and fire. We will visit the parts of the City that were built on the filled ground along the old bay
margins and discuss the scenes on that fateful day. We will explore the lessons learned from building on poorly
engineered ground within a major metropolitan center in a seismically active area.
The walk will begin along Sixth Street and the subsidence area in the South of Market. This part of the City was
“ground zero” since this was the area of greatest damage, and many of the fires originated here. The walk
follows the old shoreline from Mission Bay to Yerba Buena Cove. We will also follow the path of destruction
from the ground shaking and fires along Market Street. Stops will be made at some of the surviving pre-1906
buildings along Market, as well as Lotta’s Fountain, and the old shoreline marker of Yerba Buena Cove at
Mechanics Monument. We will view the modern high rises that are dominating the skyline in the downtown
area. The walk continues along Montgomery Street following the shoreline and the path of the fire as it spread
later that day into the Financial District. A lunch is planned in a restaurant in Chinatown. Time permitting after
lunch, we will visit the site of the first house built in San Francisco hidden away on Grant Avenue, and end up
in Jackson Square for a brief view one of the few areas of the downtown district that survived the
catastrophe. The walk should end about 3 PM.
THIS FIELD TRIP WILL BE LIMITED TO 30 PEOPLE.
******************************************** Field Trip Logistics *********************************************
Time & Departure:
Cost:

Sunday February 26, 9:00 am (sharp), outside Civic Center BART station at Market & Hyde Streets (north
side of Market St.).

Includes guide and a Chinese lunch in Hunan Homes in Chinatown.
(Please send a check for $30/person)

*****************************REGISTRATION FORM (San Francisco Walk Field Trip)************************
Name:

E-mail:

Address:
Lunch: Regular:

Phone :
Vegetarian:

Cell (evening):
(Please check one)

Check Amount:

Please mail a check made out to NCGS to: Barbara Matz, 803 Orion #2, Hercules, CA 94547
Questions e-mail: rays.rock@gmail.com
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(continued from page 1): headed by the California
Governor’s Office of Emergency Services. Mr.
Wilson is also the state Science Representative on
the Coordinating Committee of the National
Tsunami Hazard Mitigation Program (NTHMP), a
partnership between federal and state governmental
agencies designed to reduce the impact of tsunamis
through hazard assessment, warning guidance, and
mitigation. More recently, Mr. Wilson has been
working on new planning tools to help ports and
harbors improve tsunami response activities, and
provide background information for making harbor
improvements. These tools have been integrated
into national NTHMP guidance for other states to
use. For his tsunami planning work, Mr. Wilson

Map Courtesy of Dan Day
N

was the recipient of the 2015 Andy Lee Award for Extraordinary Public Service for State Activities from the
Floodplain Management Association.

Northern California Geological Society
c/o Mark Sorensen
734 14th Street, #2
San Francisco, CA 94114

Would you like to receive the NCGS newsletter by e-mail? If you are not already doing so, and would
like to, please contact Tom Barry at tomasbarry@aol.com to sign up for this free service.
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