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MEETING ANNOUNCEMENT 
 

DATE: January 31, 2018 

LOCATION: Orinda Masonic Center, 9 Altarinda Rd., Orinda 
  (see map on back page) 

TIME: 6:30 – 7:00 p.m.:  Social; 7:00 p.m.:  Presentation   

SPEAKER:  Kurtis Burmeister, Ph.D. 
Department of Environmental & Geological 

Sciences, University of the Pacific 
TOPIC:   Welcome to Jurassic arc: resolving the pre-

batholith history of the Sierra Nevada 
 
The Sierra Nevada are best known for breath-taking exposures of 
granitic rocks in places like Yosemite Valley, Kings Canyon, and 
the Tahoe Basin. These rocks are part of the Sierra Nevada batholith, 
which is in turn a segment in a massive granitic backbone that spans 
much of the length of western North America. These granitic rocks 
offer us interesting glimpses into how pulses of intensive igneous 
activity built the Sierra Nevada batholith during the Mesozoic. 
However, earlier chapters in this geologic story are difficult to unravel 
because processes associated with batholith emplacement tend to 
obliterate preexisting rocks. Fortunately, these preexisting rocks are 
preserved in a few isolated locations throughout the Sierra Nevada. 
The rarity of these exposures is significant, because the relationships 
they preserve provide our only basis for understanding the timing and 
mechanisms behind the earliest states in the geologic evolution of this 
region.  

The Mt. Tallac roof pendant near South Lake Tahoe is one of the 
largest and best exposed of these exposures. Over the past several 
years, undergraduate students working with Dr. Burmeister and in 
collaboration with a network of researchers at other institutions 
applied a variety of techniques, including geologic mapping, 
petrography, geochemistry, strain analysis, and paleomagnetic 
analysis to begin to resolve the details associated with what appears to 
be a surprisingly rapid series of developments in the early history of 
the central Sierra Nevada.  

Biography:	

Kurtis Burmeister, Ph.D. – Kurt is an Associate Professor in the 
Department of Environmental & Geological Sciences at the 
University of the Pacific. His undergraduate- (continued on last page) 	
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NCGS 2017 – 2018 Calendar 
  
February 28, 2018                        7:00 pm 

Dr. John G. Parrish, Ph.D., CA State Geologist  

Topic to be announced  

March 28, 2018                                 7:00 pm 
Dr. Tom MacKinnon 

Early Accretionary History of the Franciscan Complex 
as inferred from the Yolla Bolly/Black Butte area of 

the Eastern Belt 

April 25, 2018                                  7:00 pm 
Dr. Andrew Gunther 

Talking Climate Change 

May 30, 2018            Dinner Meeting            6:00 pm 
Dr. Isabel Montanez, UC Davis and President – 

Geological Society of America 
Reconstructing precipitation patterns in California 

during past warmings and coolings of the last 20,000 
years 

June 27, 2018                                  7:00 pm 
Dr. Janet Watt, USGS Research Geophysicist 

Underwater Secrets of the Hayward Fault Zone: 
Integrated 3D imaging to understand earthquake 

hazards 
 

NCGS Field Trips 
 

Several potential field trips are being considered for 
2018.  We will be sending a survey to the NCGS 
membership in the next few weeks to determine which 
of these trips have the most interest. 

• Devil's Slide (repeat of November 2017 trip) in 
May or later 

• Ring Mountain (Marin Co.) exotic lithologies and 
exotic plants (Spring or Summer) 

• New Almaden (San Jose area) inactive mercury 
mines (late Spring) 

• Point Richmond Franciscan Complex (Fall)  

We are always looking for new field trip 
opportunities.  If you go on or hear about an 
interesting field trip, please let Will Schweller 
(willshcweller@yahoo.com) know about it so that we 
can evaluate it for a future NCGS trip. 
 

UC Berkeley Earth & Planetary 
Science Weekly Seminar Series 

Interesting seminars are presented at 141 McCone Hall 
(usually) on Thursdays at 4 pm for most of the academic 
year, from late August through early May.  For an 
updated list of seminars, go to 
http://eps.berkeley.edu/events/seminars.  
 

Welcome back, everyone!  HEY: It’s 
Renewal Time! Our Year Runs From 
September to September. If you haven’t 
already renewed, please use the Renewal 
Form on page 13 and either mail or hand it 
to the Treasurer at meeting registration time.  
 

 

Donation Opportunity 

NCGS members are invited to donate books or other 
geologic reference materials to local libraries.  Please 
contact Paul Henshaw (drphenshaw@comcast.net) for 
details.   
 

 

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 will occur at this 
address at 8:30 am on Sat., May 5, 2018.  
 

Pacific Section of AAPG Convention 
The Pacific Section of the American Association of 
Petroleum Geologists (PSAAPG) will hold its annual 
convention from April 22 to 25, 2018 in Bakersfield, 
CA.  The call for abstracts has gone out.  See: 

https://www.psaapg.org/2018convention/ 
 

 

AAPG House of Delegates Opportunity 
If you would like to run in an election to represent the 
NCGS as a delegate in AAPG's House of Delegates 
for a three-year term commencing July 1, 2018, please 
let president Bartow know by February 25. There are 
basic requirements of being a voting (active) Member 
of AAPG and the willingness to attend the three 2019-
2021 annual meetings plus an interest in how AAPG 
governance works. Alternatively, you could be 
designated as an Alternate without election if you 
might be attending one or two of the conventions. 
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NCGS Outreach Events 

Come and join us by helping to attend our booth!  
You may meet some interesting people; generate a 
youngster’s interest in rocks and geology; help to raise 
our visibility; and may even re-learn some of our 
locally significant rocks and minerals! Our next event: 

• Saturday, March 4 – Castro Valley Mineral, 
Gem, and Jewelry Show & Sale  

• March 13 – Math Science Night at Thornton 
JHS in Fremont 

You can also help by donating a superannuated laptop 
, which would be useful in displaying 

animations of plate tectonics, etc., at outreach events.   
Other needs: nice specimens of 

from the Greater Bay Area; 
of interest for use in classroom activities 

(ones that can spark questions, tell stories).  We strive 
to improve our presentation collection; in donating, 
you can accomplish some housecleaning! 
 
 

Annual PS-AAPG Convention 
The Pacific Section of the American Association of 
Petroleum Geologists (PSAAPG) will hold its 
annual convention April 22-25, 2018 in Bakersfield, 
CA.  There has been a call for abstracts; see 

https://www.psaapg.org/2018convention/ 
 

Bay Area Science 
(http://www.bayareascience.org) 

This website provides a free weekly emailed 
newsletter of an extensive listing of local science-
based activities (evening lectures, classes, field 
trips, hikes, etc. – usually several per week).   
 

Bay Area Geophysical Society: 
Upcoming Speakers 

 

Febuary 2018: Artie Rodgers (Seismologist, LLNL) 

Please check the society’s website for time, location 
and topic: http://bayareageophysicalsociety.org/. 

 

Peninsula Geologic Society 
PGS has a meeting scheduled for February 13, when  
Tom Brocher of the USGS Earthquake Research Center 
will speak on the topic “Are we still seeing aftershocks 
from a large 1872 earthquake in central 
Washington?”  For a list of planned and past meetings, 
abstracts, and field trips, go to 
http://www.diggles.com/pgs/. PGS also posts 

guidebooks for downloading, as well as photographs 
from recent field trips at this web address.   
 

Association of Environmental & 
Engineering Geologists, 

San Francisco Bay Area Chapter 
Meeting locations rotate between San Francisco, the 
East Bay, and the South Bay.  Please check the 
website for current details. For information on 
monthly meetings as well as next year’s congress, 
go to: http://www.aegweb.org/group/SF. 

Join them for the 61st AEG Annual Meeting/13th 
IAEG Congress in San Francisco, California on 
September 15-23, 2018. 
 
 

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 7 pm on the last Thursday of the month 
throughout the year, but are commonly scheduled 
for the previous Thursday to accommodate 
speakers.  On January 25 at 7 pm, Douglas Given, 
USGS Earthquake Early Warning Coordinator, will 
present a lecture titled “ShakeAlert: The Path to 
West Coast Earthquake Early Warning ... how a 
few seconds can save lives and property.”  For 
more information on the lectures, and for a map of 
the location, go to: online.wr.usgs.gov/calendar/. 
 

[Editor’s note:  The following abstract is for a talk 
presented by Peter L. Ward (U.S. Geological Survey, 

retired) at the October 2017 Geological Society of 
America annual meeting in Seattle.  It presents some 

interesting findings about the key significance of 
volcanic activity in both warming and cooling of the 

terrestrial climate.  The full talk is available for viewing 
at https://youtu.be/0e1OIOZE-9E.  He also has a 

website:  WhyClimateChanges.com] 

Plate Tectonics Controls Global Climate 
Change by Determining the Frequency of 

Major Explosive, Subduction-Related 
Volcanic Eruptions Causing Incremental 

Global Cooling Versus the Extent of 
Subaerial, Rift-Related, Effusive, Basaltic 

Lava Flows Causing Sudden Global 
Warming, Ocean Acidification, Mass 
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Extinctions, and Often the Ends of 
Geologic Eons, Eras, Periods, etc. 

 

 
Major explosive volcanic eruptions deplete the ozone 
layer causing 2oC warming in industrial areas during 
the first winter, but forming sulfuric acid aerosols in 
the lower stratosphere that grow large enough over 
months to reflect and scatter sunlight, causing global 
cooling of ~0.5oC for 2 to 4 years. Modelling shows 
this short-term cooling still affects ocean temperatures 
100 years later and that several large eruptions per 
century can slowly increment the world into ice-age 
conditions over tens of thousands of years, as is well 
documented in ice cores over the last 130,000 years. 
Glaciation began in Antarctica ~34 Ma, for example, 
resulting from major volcanism in the Izu-Bonin-
Mariana, Aleutians, southern Rocky Mountains, and 
Sierra Madre Occidental. 

Major effusive basaltic lava flows, covering up to 11 
million square kilometers of continental rift zones and 
subaerial oceanic rift zones, do not form significant 
cooling aerosols but do deplete the ozone layer 
[through emissions of chlorine] causing rapid net 
warming. They also cause ocean acidification and 
mass extinctions. The extrusion of 84 km2 of basaltic 
lava from Bárðarbunga in Iceland in 2014 appears to 
have made 2015-2016 the hottest years in the 
instrumental record. The extrusion of 800 km2 from 
Eldgjá in Iceland initiated the Medieval Warm Period. 
Basalt flows in the Craters of the Moon area of Idaho 
appear to have caused the Roman Warm Period and 
other warm periods at 6840 and 7770 BP. Widespread 

eruption of basaltic volcanoes and fissures in Iceland 
warmed the world out of the last ice age ending the 
Pleistocene. Initial rifting between Greenland and 
Norway ended the Paleocene. The Deccan Traps 
ended the Mesozoic. The Central Atlantic Magmatic 
Province ended the Triassic. The Siberian Traps ended 
the Paleozoic. 

The footprints of climate change in ice cores, 
sediments, and rocks show, when adequate resolution 
is available, rapid warming within years to decades 
followed by slow cooling over centuries to millennia 
in sequences averaging as little as 4000 years but are 
very erratic in timing. The largest basaltic flows are 
contemporaneous with the largest warmings and occur 
at the end of most geologic eons, eras, periods, 
epochs, and even ages. Detailed mapping of climate 
change, like magnetic anomalies, may ultimately 
provide ways to date and cross-correlate geologic 
formations worldwide. 

 
 

Ancient fossil microorganisms 
indicate that life in the universe is 

common 
Scientists analyze specimens from 3.465 billion 

years ago 

 
This is a 3.465 billion year-old fossil microorganism 
from Western Australia.  

Credit: J. William Schopf/UCLA Center for the Study 
of Evolution and the Origin of Life 

A new analysis of the oldest known fossil 
microorganisms provides strong evidence to support 
an increasingly widespread understanding that life in 
the universe is common. 

The microorganisms, from Western Australia, are 
3.465 billion years old. Scientists from UCLA and the 
University of Wisconsin-Madison reported December 
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18 in the journal Proceedings of the National 
Academy of Sciences that two of the species they 
studied appear to have performed a primitive form of 
photosynthesis, another apparently produced methane 
gas, and two others appear to have consumed methane 
and used it to build their cell walls. 

The evidence that a diverse group of organisms had 
already evolved extremely early in the Earth's history 
-- combined with scientists' knowledge of the vast 
number of stars in the universe and the growing 
understanding that planets orbit so many of them -- 
strengthens the case for life existing elsewhere in the 
universe because it would be extremely unlikely that 
life formed quickly on Earth but did not arise 
anywhere else. 

"By 3.465 billion years ago, life was already diverse 
on Earth; that's clear -- primitive photosynthesizers, 
methane producers, methane users," said J. William 
Schopf, a professor of paleobiology in the UCLA 
College, and the study's lead author. "These are the 
first data that show the very diverse organisms at that 
time in Earth's history, and our previous research has 
shown that there were sulfur users 3.4 billion years 
ago as well. 

"This tells us life had to have begun substantially 
earlier and it confirms that it was not difficult for 
primitive life to form and to evolve into more 
advanced microorganisms." 

Schopf said scientists still do not know how much 
earlier life might have begun. 

"But, if the conditions are right, it looks like life in the 
universe should be widespread," he said. 

The study is the most detailed ever conducted on 
microorganisms preserved in such ancient fossils. 
Researchers led by Schopf first described the fossils in 
the journal Science in 1993, and then substantiated 
their biological origin in the journal Nature in 2002. 
But the new study is the first to establish what kind of 
biological microbial organisms they are, and how 
advanced or primitive they are. 

For the new research, Schopf and his colleagues 
analyzed the microorganisms with cutting-edge 
technology called secondary ion mass spectroscopy, 
or SIMS, which reveals the ratio of carbon-12 to 
carbon-13 isotopes -- information scientists can use to 
determine how the microorganisms lived. 
(Photosynthetic bacteria have different carbon 
signatures from methane producers and consumers, 
for example.) In 2000, Schopf became the first 
scientist to use SIMS to analyze microscopic fossils 
preserved in rocks; he said the technology will likely 

be used to study samples brought back from Mars for 
signs of life. 

The Wisconsin researchers, led by geoscience 
professor John Valley, used a secondary ion mass 
spectrometer -- one of just a few in the world -- to 
separate the carbon from each fossil into its 
constituent isotopes and determine their ratios. 

"The differences in carbon isotope ratios correlate 
with their shapes," Valley said. "Their C-13-to-C-12 
ratios are characteristic of biology and metabolic 
function." 

The fossils were formed at a time when there was very 
little oxygen in the atmosphere, Schopf said. He 
thinks that advanced photosynthesis had not yet 
evolved, and that oxygen first appeared on Earth 
approximately half a billion years later before its 
concentration in our atmosphere increased rapidly 
starting about 2 billion years ago. 

Oxygen would have been poisonous to these 
microorganisms, and would have killed them, he said. 

Primitive photosynthesizers are fairly rare on Earth 
today because they exist only in places where there is 
light but no oxygen -- normally there is abundant 
oxygen anywhere there is light. And the existence of 
the rocks the scientists analyzed is also rather 
remarkable: The average lifetime of a rock exposed on 
the surface of the Earth is about 200 million years, 
Schopf said, adding that when he began his career, 
there was no fossil evidence of life dating back farther 
than 500 million years ago. 

"The rocks we studied are about as far back as rocks 
go." 

While the study strongly suggests the presence of 
primitive life forms throughout the universe, Schopf 
said the presence of more advanced life is very 
possible but less certain. 

One of the paper's co-authors is Anatoliy 
Kudryavtsev, a senior scientist at UCLA's Center for 
the Study of Evolution and the Origin of Life, of 
which Schopf is director. The research was funded by 
the NASA Astrobiology Institute. 

In May 2017, a paper in PNAS by Schopf, UCLA 
graduate student Amanda Garcia and colleagues in 
Japan showed the Earth's near-surface ocean 
temperature has dramatically decreased over the past 
3.5 billion years. The work was based on their 
analysis of a type of ancient enzyme present in 
virtually all organisms. 

In, 2015 Schopf was part of an international team of 
scientists that described in PNAS their discovery of 
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the greatest absence of evolution ever reported -- a 
type of deep-sea microorganism that appears not to 
have evolved over more than 2 billion years. 

Story Source:  Material provided by University of 
California, Los Angeles.  
 
Journal Reference:  J. William Schopf, Kouki 
Kitajima, Michael J. Spicuzza, Anatoliy B. 
Kudryavtsev, John W. Valley. SIMS analyses of the 
oldest known assemblage of microfossils document 
their taxon-correlated carbon isotope 
compositions. Proceedings of the National Academy 
of Sciences, 2017; 201718063 DOI: 
10.1073/pnas.1718063115.  
 

First direct proof of ozone hole 
recovery due to chemicals ban 

 
A view of Earth's atmosphere from space. 
Credit: NASA 
 
For the first time, scientists have shown through direct 
satellite observations of the ozone hole that levels of 
ozone-destroying chlorine are declining, resulting in 
less ozone depletion. 

Measurements show that the decline in chlorine, 
resulting from an international ban on chlorine-
containing humanmade chemicals called 
chlorofluorocarbons (CFCs), has resulted in about 20 
percent less ozone depletion during the Antarctic 
winter than there was in 2005 -- the first year that 
measurements of chlorine and ozone during the 
Antarctic winter were made by NASA's Aura satellite. 

CFCs are long-lived chemical compounds that 
eventually rise into the stratosphere, where they are 
broken apart by the Sun's ultraviolet radiation, 
releasing chlorine atoms that go on to destroy ozone 
molecules. Stratospheric ozone protects life on the 
planet by absorbing potentially harmful ultraviolet 
radiation that can cause skin cancer and cataracts, 
suppress immune systems and damage plant life. 

Two years after the discovery of the Antarctic ozone 
hole in 1985, nations of the world signed the Montreal 
Protocol on Substances that Deplete the Ozone Layer, 
which regulated ozone-depleting compounds. Later 
amendments to the Montreal Protocol completely 
phased out production of CFCs. 

Past studies have used statistical analyses of changes 
in the ozone hole's size to argue that ozone depletion 
is decreasing. This study is the first to use 
measurements of the chemical composition inside the 
ozone hole to confirm that not only is ozone depletion 
decreasing, but that the decrease is caused by the 
decline in CFCs.  The study was published Jan. 4 in 
the journal Geophysical Research Letters. 

The Antarctic ozone hole forms during September in 
the Southern Hemisphere's winter as the returning 
sun's rays catalyze ozone destruction cycles involving 
chlorine and bromine that come primarily from CFCs. 
To determine how ozone and other chemicals have 
changed year to year, scientists used data from the 
Microwave Limb Sounder (MLS) aboard the Aura 
satellite, which has been making measurements 
continuously around the globe since mid-2004. While 
many satellite instruments require sunlight to measure 
atmospheric trace gases, MLS measures microwave 
emissions and, as a result, can measure trace gases 
over Antarctica during the key time of year: the dark 
southern winter, when the stratospheric weather is 
quiet and temperatures are low and stable. 

The change in ozone levels above Antarctica from the 
beginning to the end of southern winter -- early July to 
mid-September -- was computed daily from MLS 
measurements every year from 2005 to 2016. "During 
this period, Antarctic temperatures are always very 
low, so the rate of ozone destruction depends mostly 
on how much chlorine there is," Strahan said. "This is 
when we want to measure ozone loss." 

They found that ozone loss is decreasing, but they 
needed to know whether a decrease in CFCs was 
responsible. When ozone destruction is ongoing, 
chlorine is found in many molecular forms, most of 
which are not measured. But after chlorine has 
destroyed nearly all the available ozone, it reacts 
instead with methane to form hydrochloric acid, a gas 
measured by MLS. "By around mid-October, all the 
chlorine compounds are conveniently converted into 
one gas, so by measuring hydrochloric acid we have a 
good measurement of the total chlorine," Strahan said. 

Nitrous oxide is a long-lived gas that behaves just like 
CFCs in much of the stratosphere. The CFCs are 
declining at the surface but nitrous oxide is not. If 
CFCs in the stratosphere are decreasing, then over 
time, less chlorine should be measured for a given 
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value of nitrous oxide. By comparing MLS 
measurements of hydrochloric acid and nitrous oxide 
each year, they determined that the total chlorine 
levels were declining on average by about 0.8 percent 
annually. 

The 20 percent decrease in ozone depletion during the 
winter months from 2005 to 2016 as determined from 
MLS ozone measurements was expected. "This is very 
close to what our model predicts we should see for 
this amount of chlorine decline," Strahan said. "This 
gives us confidence that the decrease in ozone 
depletion through mid-September shown by MLS data 
is due to declining levels of chlorine coming from 
CFCs. But we're not yet seeing a clear decrease in the 
size of the ozone hole because that's controlled mainly 
by temperature after mid-September, which varies a 
lot from year to year." 

Looking forward, the Antarctic ozone hole should 
continue to recover gradually as CFCs leave the 
atmosphere, but complete recovery will take decades. 
"CFCs have lifetimes from 50 to 100 years, so they 
linger in the atmosphere for a very long time," said 
Anne Douglass, a fellow atmospheric scientist at 
Goddard and the study's co-author. "As far as the 
ozone hole being gone, we're looking at 2060 or 2080. 
And even then there might still be a small hole." 

Story Source:  Material provided by NASA/Goddard 
Space Flight Center. Original written by Samson 
Reiny.  

Journal Reference:  Susan E. Strahan, Anne R. 
Douglass. Decline in Antarctic Ozone Depletion 
and Lower Stratospheric Chlorine Determined 
From Aura Microwave Limb Sounder 
Observations. Geophysical Research Letters, 2018; 
DOI: 10.1002/2017GL074830. 
 

The ocean is losing its breath -- 
here's the global scope 

In broadest view yet of world's low oxygen, 
scientists reveal dangers and solutions 

 
Low oxygen caused the death of these corals and 
others in Bocas del Toro, Panama. The dead crabs 
pictured also succumbed to the loss of dissolved 
oxygen.   Credit: Arcadio Castillo/Smithsonian 
 
In the past 50 years, the amount of water in the open 
ocean with zero oxygen has gone up more than 
fourfold. In coastal water bodies, including estuaries 
and seas, low-oxygen sites have increased more than 
10-fold since 1950. Scientists expect oxygen to 
continue dropping even outside these zones as Earth 
warms. 

To halt the decline, the world needs to rein in both 
climate change and nutrient pollution, an international 
team of scientists including Lisa Levin, a biological 
oceanographer at Scripps Institution of Oceanography 
at the University of California San Diego, asserted in 
a new paper published Jan. 4 in Science. 

"Oxygen is fundamental to life in the oceans," said 
Denise Breitburg, lead author and marine ecologist 
with the Smithsonian Environmental Research Center. 
"The decline in ocean oxygen ranks among the most 
serious effects of human activities on the Earth's 
environment." 

"It's a tremendous loss to all the support services that 
rely on recreation and tourism, hotels and restaurants 
and taxi drivers and everything else," said Levin. "The 
reverberations of unhealthy ecosystems in the ocean 
can be extensive." 

The study came from a team of scientists from 
GO2NE (Global Ocean Oxygen Network), a new 
working group created in 2016 by the United Nation's 
Intergovernmental Oceanographic Commission. The 
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review paper is the first to take such a sweeping look 
at the causes, consequences and solutions to low 
oxygen worldwide, in both the open ocean and coastal 
waters. The article highlights the biggest dangers to 
the ocean and society, and what it will take to keep 
Earth's waters healthy and productive. 

The Stakes 

"Approximately half of the oxygen on Earth comes 
from the ocean," said Vladimir Ryabinin, executive 
secretary of the International Oceanographic 
Commission that formed the GO2NE group. 
"However, combined effects of nutrient loading and 
climate change are greatly increasing the number and 
size of 'dead zones' in the open ocean and coastal 
waters, where oxygen is too low to support most 
marine life." 

In areas traditionally called "dead zones," like those in 
Chesapeake Bay and the Gulf of Mexico, oxygen 
plummets to levels so low many animals suffocate and 
die. As fish avoid these zones, their habitats shrink 
and they become more vulnerable to predators or 
fishing. But the problem goes far beyond "dead 
zones," the authors point out. Even smaller oxygen 
declines can stunt growth in animals, hinder 
reproduction and lead to disease or even death. It also 
can trigger the release of dangerous chemicals such as 
nitrous oxide, a greenhouse gas up to 300 times more 
powerful than carbon dioxide, and toxic hydrogen 
sulfide. While some animals can thrive in dead zones, 
overall biodiversity falls. 

Climate change is the key culprit in the open ocean. 
Warming surface waters make it harder for oxygen to 
reach the ocean interior. Furthermore, as the ocean as 
a whole gets warmer, it holds less oxygen. In coastal 
waters, excess nutrient pollution from land creates 
algal blooms, which drain oxygen as they die and 
decompose. In an unfortunate twist, animals also need 
more oxygen in warmer waters, even as it is 
disappearing. 

People's livelihoods are also on the line, the scientists 
reported, especially in developing nations. Smaller, 
artisanal fisheries may be unable to relocate when low 
oxygen destroys their harvests or forces fish to move 
elsewhere. In the Philippines, fish kills in a single 
town's aquaculture pens cost more than $10 million. 
Coral reefs, a key tourism attraction in many 
countries, also can waste away without enough 
oxygen. 

Some popular fisheries could benefit, at least in the 
short term. Nutrient pollution can stimulate production 
of food for fish. In addition, when fish are forced to 
crowd to escape low oxygen, they can become easier 

to catch. But in the long run, this could result in 
overfishing and damage to the economy. 

Winning the War: A Three-Pronged Approach 

To keep low oxygen in check, the scientists said the 
world needs to take on the issue from three angles: 

Address the causes: nutrient pollution and climate 
change. While neither issue is simple or easy, the 
steps needed to win can benefit people as well as the 
environment. Better septic systems and sanitation can 
protect human health and keep pollution out of the 
water. Cutting fossil fuel emissions not only cuts 
greenhouse gases and fights climate change, but also 
slashes dangerous air pollutants like mercury. 

Protect vulnerable marine life. With some low oxygen 
unavoidable, it is crucial to protect at-risk fisheries 
from further stress. According to the GO2NE team, 
this could mean creating marine protected areas or no-
catch zones in areas animals use to escape low 
oxygen, or switching to fish that are not as threatened 
by falling oxygen levels. Improve low-oxygen 
tracking worldwide. Scientists have a decent grasp of 
how much oxygen the ocean could lose in the future, 
but they do not know exactly where those low-oxygen 
zones will be. Enhanced monitoring, especially in 
developing countries, and numerical models will help 
pinpoint which places are most at risk and determine 
the most effective solutions. 

"This is a problem we can solve," Breitburg said. 
"Halting climate change requires a global effort, but 
even local actions can help with nutrient-driven 
oxygen decline." As proof Breitburg points to the 
ongoing recovery of Chesapeake Bay, where nitrogen 
pollution has dropped 24 percent since its peak thanks 
to better sewage treatment, better farming practices 
and successful laws like the Clean Air Act. While 
some low-oxygen zones persist, the area of the 
Chesapeake with zero oxygen has almost disappeared. 
"Tackling climate change may seem more daunting," 
she added, "but doing it is critical for stemming the 
decline of oxygen in our oceans, and for nearly every 
aspect of life on our planet." 

Story Source:  Materials provided by University of 
California, San Diego, and adapted from materials 
originally provided by the Smithsonian Environmental 
Research Center. 

Journal Reference: Denise Breitburg et al. Declining 
oxygen in the global ocean and coastal waters. 
Science, 2018 DOI: 10.1126/science.aam7240.  
 



 9 

Residual strain despite mega 
earthquake 

Even the strongest quake ever measured left 
energy for successors 

On 22 May 1960, an earthquake shook the southern 
Chilean continental margin on a length of about 1,000 
kilometers. Estimates suggest that around 1,600 
people died as a direct result of the quake and the 
following tsunami, leaving around two million people 
homeless. With a strength of 9.5 on the moment 
magnitude scale, the Valdivia earthquake from 1960 
still ranks number one on the list of strongest 
earthquakes ever measured. 

More than half a century later, on 25 December 2016, 
the earth was trembling around the southern Chilean 
island of Chiloé. With a strength of 7.5 Mw this event 
can be described as rather moderate by Chilean 
standards. But the fact that it broke the same section 
of the Chilean subduction zone as the 1960 earthquake 
is quite interesting for scientists. As researchers from 
the GEOMAR Helmholtz Centre for Ocean Research 
Kiel and the Universidad de Chile have now published 
in the journal Geophysical Journal International, part 
of the energy of the 2016 quake apparently dates back 
to before 1960. "So, the 1960 quake, despite its 
immense strength, must have left some strain in the 
underground, " says Dr. Dietrich Lange, geophysicist 
at GEOMAR and lead author of the study. 

To understand why Chile is being hit so frequently by 
heavy earthquakes, one has to look at the seabed off 
the coast. It belongs to the so-called Nazca plate, a 
tectonic plate, which moves eastwards with a rate of 
6.6 cm per year. Off the Chilean coast it collides with 
the South American plate and is submerged beneath it. 
In this process, strains build up between the plates -- 
until they break and the earth trembles. 

During such an earthquake, the strain is released 
within minutes. During the 1960 earthquake for 
example, the plates shifted by more than 30 meters 
against each other. As a result, landmasses were lifted 
up or down several meters with a fundamental change 
of Chilean landscapes and coastline. "The scale of the 
slip also gives information about the accumulated 
energy between the two plates," explains Dr. Lange. 

From the time interval (56 years), the known speed of 
the Nazca plate, and further knowledge of the 
subduction zone, the German-Chilean team has 
calculated the accumulated energy and thus the 
theoretical slip of the 2016 earthquake to about 3.4 
meters. But the analysis of seismic data and GPS 
surveys showed a slip of more than 4.5 m. "The strain 

must have had accumulated for more than 56 years. It 
is older than the last earthquake in the same region," 
says Dr. Lange. 

Similar results have recently been obtained in another 
subduction zones. Along with them, the new study 
suggests that for risk assessment in earthquake-prone 
areas, not just a single seismic cycle from one 
earthquake to the next should be considered. "The 
energy can be greater than that resulting from the 
usual calculations, which can, for example, have an 
impact on recommendations for earthquake-proof 
construction," says Dr. Lange. 

Story Source:  Materials provided by Helmholtz 
Center for Ocean Research Kiel (GEOMAR).  

Journal Reference:  Dietrich Lange, Javier Ruiz, 
Sebastián Carrasco, Paula Manríquez. The Chiloé 
Mw 7.6 earthquake of 25 December 2016 in 
Southern Chile and its relation to the Mw 9.5 1960 
Valdivia earthquake. Geophysical Journal 
International, 2017; DOI: 10.1093/gji/ggx514.  
 

 

Multi-year submarine-canyon study 
challenges textbook theories about 

turbidity currents 

 
This illustration shows some of the 16 sediment-flow 
events documented during the Coordinated Canyon 
Experiment. The arrows indicate minimum estimates of 
how far each event traveled down the floor of Monterey 
Canyon.              Credit: Image © 2017 MBARI 

Just as rivers move sediment across the land, turbidity 
currents are the dominant process carrying sediments 
and organic carbon from coastal areas into the deep 
sea. Turbidity currents can also destroy underwater 
cables, pipelines, and other human structures. Unlike 
rivers, however, turbidity currents are extremely 
difficult to study and measure. At the Fall 2017 
meeting of the American Geophysical Union, 
scientists from around the world presented 19 talks 
and posters about the Coordinated Canyon 
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Experiment -- the most extensive, long-term effort to 
monitor turbidity currents ever attempted. The results 
of this two-year project challenge existing paradigms 
about what causes turbidity currents, what they look 
like, and how they work. 

The Coordinated Canyon Experiment (CCE) was 
conducted in Monterey Canyon, off the coast of 
Central California, over an 18-month period between 
October 2015 and April 2017. During this time, 
scientists observed and measured at least 16 turbidity 
currents using dozens of instruments at seven different 
locations in the canyon. These instruments allowed 
researchers to track sediment flows over a 50-
kilometer stretch of canyon, from depths of about 250 
to 1,850 meters. 

Using a variety of new instruments and technologies, 
researchers collected data not just on the movement of 
water and sediment, but also on the evolution and 
shape of the seafloor. Physical processes within the 
flows were monitored at spatial scales ranging from 
centimeters to kilometers, and over time scales from 
seconds to months. The resulting data yielded a new 
and unexpectedly complicated view of a globally 
important phenomenon that has been studied and 
modeled for nearly 100 years. 

During the experiment, an international team of 
researchers from the Monterey Bay Aquarium 
Research Institute, the U.S. Geological Survey, the 
University of Hull, the University of Southampton, 
the University of Durham, and the Ocean University 
of China combined their expertise and equipment. 
This allowed the team to monitor each turbidity 
current in unprecedented detail. 

The experiment showed that sediment-transport events 
in Monterey Canyon are more common and much 
more complex than previously recognized. Rather 
than simply being flows of sediment-laden water, 
some turbidity currents also involved large-scale 
movements of the entire seafloor. Furthermore, many 
turbidity currents changed character as they moved 
down-canyon, suggesting that no single flow model 
can explain all the processes involved. 

The researchers were particularly surprised to find that 
the timing of the 16 monitored turbidity currents did 
not coincide with commonly-proposed triggers, such 
as earthquakes or floods, and only a few coincided 
with extreme surf events. One possible explanation is 
that sediments build up gradually within and around 
the edges of Monterey Canyon until they reach some 
certain threshold, after which turbidity currents can be 
triggered by relatively small canyon-wall failures. 

Of particular interest to geologists searching for oil 
and gas deposits, the quantitative sediment 
measurements and detailed seafloor and sub-bottom 
surveys used in this experiment gave geologists their 
first opportunity ever to correlate turbidity currents of 
known magnitude, extent, and duration with large- 
and small-scale sedimentary structures observed 
firsthand on the seafloor. After millions of years, these 
same sedimentary structures sometimes form conduits 
or traps for oil and gas in sedimentary rocks. 

The Coordinated Canyon Experiment yielded many 
other firsts in the field of marine geology: 

• The highest velocity turbidity-current flow ever 
measured instrumentally (8.1 meters/second). 

• The first quantitative evidence that during some 
sediment events, movements in the seafloor 
propagated down canyon faster than measured 
currents. 

• The first measurements of changes in the internal 
velocity structure within a turbidity current as it 
progressed down canyon. 

• The first quantitative data showing that, in early 
stages of some events, entire sections of seafloor 
may move as a semi-fluidized mass -- a process 
that has not been previously documented in the 
scientific literature. 

• The first data complete enough to allow marine 
geologists to correlate sediment-transport events 
of known extent, magnitude, and duration with 
specific marine sedimentary structures. 

Story Source:  Materials provided  by Monterey Bay 
Aquarium Research Institute.  

Reference:  Monterey Bay Aquarium Research 
Institute. "Multi-year submarine-canyon study 
challenges textbook theories about turbidity currents." 
ScienceDaily. ScienceDaily, 11 December 2017. 
www.sciencedaily.com/releases/2017/12/1712111457
28.htm. 
 

Heavy-petroleum fuels raising 
vanadium emissions 

Human emissions of potentially harmful 
vanadium particles into Earth's atmosphere now 
exceed those from all natural sources combined 

Human emissions of the potentially harmful trace 
metal vanadium into Earth's atmosphere have spiked 
sharply since the start of the 21st century due in large 
part to industry's growing use of heavy oils, tar sands, 
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bitumen and petroleum coke for energy, a new Duke 
University study finds. 

"Human emissions of vanadium to the atmosphere 
now exceed those from all natural sources combined -
- by a factor of 1.7," said William H. Schlesinger, 
James B. Duke Professor Emeritus of 
Biogeochemistry at Duke's Nicholas School of the 
Environment, who led the study. 

"Less than two decades ago, the ratio of human to 
natural emissions was 0.59 to 1, or less than half the 
current level," Schlesinger said. "Our analysis 
suggests that much of this rapid rise can be traced to 
the increased use of unconventional heavy-petroleum 
fuels." 

Vanadium is a trace metal found in many earth 
materials, including petroleum and coal. It is emitted 
as particulate matter when these materials are burned, 
and can also be released as accidental, or "fugitive," 
emissions during mining, extraction and processing. 
Natural sources of vanadium emissions include 
volcanic eruptions and the weathering of rocks. 

The health risks of exposure to airborne vanadium 
particles are not as well documented as those for other 
metallic airborne contaminants such as mercury or 
lead, but growing evidence suggests breathing 
vanadium-rich aerosols can impair respiratory 
functions and exacerbate conditions such as asthma 
and chronic obstructive pulmonary disease (COPD). 

Oil and coke refineries are generally built in areas 
where residents don't have the political or economic 
clout to fight back, Schlesinger noted. For instance, 
one of North America's largest coke refineries is on 
the southeast side of Chicago. "We're still in the early 
phase of understanding the risks people living in these 
areas face,' he said, "but I suspect we'll see a growing 
focus on the issue as the use of heavy oils and 
petroleum coke continues to rise in coming years." 

Emily M. Klein, professor of earth sciences at Duke's 
Nicholas School, and Avner Vengosh, professor of 
geochemistry and water quality at Duke's Nicholas 
School, conducted the new study with Schlesinger.  
They published their peer-reviewed findings Dec. 11 
in the Proceedings of the National Academy of 
Sciences online Early Edition. 

The new paper is the first to quantify the amount of 
inputs to the global vanadium cycle coming from all 
sources, natural and human. 

"About 10 years ago, another team of researchers tried 
to do this but with much less data," Schlesinger said. 
"Our analysis builds on theirs by providing the first 
quantifiable numbers for the release of vanadium from 

unconventional heavy-petroleum fuels, and updating 
numbers for all other sources to put these human 
impacts into context. 

"Seeing all these numbers together for the first time, 
the unescapable takeaway is that human impact on the 
vanadium cycle is greater than our well-publicized 
impacts on the movement of lead through the 
atmosphere or the release of mercury from coal," he 
said. 

Story Source:  Materials provided by Duke 
University. 

Journal Reference:  William H. Schlesinger, Emily 
M. Klein, Avner Vengosh. Global biogeochemical 
cycle of vanadium. Proceedings of the National 
Academy of Sciences, 2017; 201715500 DOI: 
10.1073/pnas.1715500114. 
 

Trickle-down is the solution (to the 
planetary core formation problem)

 
New research from The University of Texas at Austin 
adds evidence to a theory that claims the metallic cores 
of rocky planets like Earth were formed when molten 
metal trapped between grains of silicate rock percolated 
to the center of the planet during its early formation. 
          Credit: UT Austin 

Scientists have long pondered how rocky bodies in the 
solar system -- including our own Earth -- got their 
metal cores. According to research conducted by The 
University of Texas at Austin, evidence points to the 
downwards percolation of molten metal toward the 
center of the planet through tiny channels between 
grains of rock. 

The finding calls into question the interpretation of 
prior experiments and simulations that sought to 
understand how metals behave under intense heat and 
pressure when planets are forming. Past results 
suggested that large portions of molten metals stayed 
trapped in isolated pores between the grains. In 
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contrast, the new research suggests that once those 
isolated pores grow large enough to connect, the 
molten metal starts to flow, and most of it is able to 
percolate along grain boundaries. This process would 
let metal trickle down through the mantle, accumulate 
in the center, and form a metal core, like the iron core 
at the heart of our home planet. 

"What we're saying is that once the melt network 
becomes connected, it stays connected until almost all 
of the metal is in the core," said co-author Marc 
Hesse, an associate professor in the UT Jackson 
School of Geosciences Department of Geological 
Sciences, and a member of UT's Institute for 
Computational Engineering and Sciences. 

The research was published on Dec. 4 in the 
Proceedings of the National Academy of Sciences. 
The work was the doctoral thesis of Soheil 
Ghanbarzadeh, who earned his Ph.D. while a student 
in the UT Department of Petroleum and Geosystems 
Engineering (now the Hildebrand Department of 
Petroleum and Geosystems Engineering). He currently 
works as a reservoir engineer with BP America. 
Soheil was jointly advised by Hesse and Maša 
Prodanovic, an associate professor in the Hildebrand 
Department and a co-author. 

Planets and planetesimals (small planets and large 
asteroids) are formed primarily from silicate rocks and 
metal. Part of the planet formation process involves 
the initial mass of material separating into a metallic 
core and a silicate shell made up of the mantle and the 
crust. For the percolation theory of core formation to 
work, the vast majority of metal in the planetary body 
must make its way to the center. 

In this study, Ghanbarzadeh developed a computer 
model to simulate the distribution of molten iron 
between rock grains as porosity, or melt fraction, 
increased or decreased. The simulations were 
perfomed at the Texas Advanced Computing Center. 
Researchers found that once the metal starts to flow, it 
can continue flowing even as the melt fraction 
decreases significantly. This is in contrast to previous 
simulations that found that once the metal starts 
flowing, it only takes a small dip in the volume of 
melt for percolation to stop. 

"People have assumed that you disconnect at the same 
melt fraction at which you initially connected...and it 
would leave significant amounts of the metal behind," 
Hesse said. "What we found is that when the metallic 
melt connects and when it disconnects is not 
necessarily the same." 

According to the computer model, only 1 to 2 percent 
of the initial metal would be trapped in the silicate 
mantle when percolation stops, which is consistent 
with the amount of metal in the Earth's mantle. 

The researchers point to the arrangement of the rock 
grains to explain the differences in how well-
connected the spaces between the grains are. Previous 
work used a geometric pattern of regular, identical 
grains, while this work relied on simulations using an 
irregular grain geometry, which is thought to more 
closely mirror real-life conditions. The geometry was 
generated using data from a polycrystalline titanium 
sample that was scanned using X-ray 
microtomography. 

"The numerical model Soheil developed in his Ph.D. 
thesis allowed for finding three-dimensional melt 
networks of any geometrical complexity for the first 
time," said Prodanovic. "Having a three-dimensional 
model is key in understanding and quantifying how 
melt trapping works." 

The effort paid off because researchers found that the 
geometry has a strong effect on melt connectivity. In 
the irregular grains, the melt channels vary in width, 
and the larges ones remain connected even as most of 
the metal drains away. 

"What we did differently in here was to add the 
element of curiosity to see what happens when you 
drain the melt from the porous, ductile rock," said 
Ghanbarzadeh. 

The researchers also compared their results to a 
metallic melt network preserved in an anchondrite 
meteorite, a type of meteorite that came from a 
planetary body that differentiated into discernable 
layers. X-ray images of the meteorite taken in the 
Jackson School's High-Resolution X-Ray CT Facility 
revealed a metal distribution that is comparable to the 
computed melt networks. Prodanovic said that this 
comparison shows that their simulation capture the 
features observed in the meteorite. 

The study was funded by the Statoil Fellows Program 
at UT Austin and the National Science Foundation. 

Story Source:  Materials provided by University of 
Texas at Austin.  

Journal Reference:  Soheil Ghanbarzadeh, Marc A. 
Hesse, Maša Prodanović. Percolative core formation 
in planetesimals enabled by hysteresis in metal 
connectivity. Proceedings of the National Academy of 
Sciences, 2017; 201707580 DOI: 
10.1073/pnas.1707580114. 
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based field research program is currently 
examining topics broadly associated with 
convergent tectonics in western Ireland, the Sierra 
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