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MEETING ANNOUNCEMENT 
 

DATE: February 28, 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:  John G. Parrish, Ph.D. 
California State Geologist,     

California Geological Survey   
TOPIC:    “The End of the ‘Permanent’ Drought” 
California is, dimensionally, a large state, being about 800 miles long 
(N-S) and 200 miles wide (E-W) – encompassing about 164 thousand 
square miles. Because of its geographic and topographic settings, the 
State’s climates vary from wet Mediterranean to Arid, and whatever is 
in-between. In the 1950’s and ‘60’s, the State of California embarked 
on a massive water storage and management program to ensure that 
the State’s burgeoning population (then about 20 million) would have 
fresh water supplies into the foreseeable future. 
Although the State’s annual rainfall amounts have cyclically varied 
from abundance to paucity throughout its geological history, a three-
year drought extending from 2012-’13 winter to 2014-’15 winter 
created near panic concern amongst the State’s elected officials and 
climatological pundits. In 2015 California was declared to be in a 
“Permanent Drought”, and its 39 million inhabitants would be making 
severe sacrifices -- forever. However, the 2016-’17 rainy season 
brought over 200% (over 88 inches) of average yearly rainfall – and 
the elected officials declared an end to the “Permanent Drought”. 
Now – what about all the flooding, dam failures, and landslides? 

Biography:	

John G. Parrish was appointed on April 1, 2005 to serve as the 
California State Geologist and Chief of the California Geological 
Survey.  The State Geologist is the primary contact and spokesperson 
for the California Geological Survey with the Resources Agency, the 
Governor’s Office, the State Legislature, and the State Mining and 
Geology Board.  Prior to his current position, he was the Executive 
Officer for the State Mining and Geology Board for eleven years. 
Before coming to state service, Dr. Parrish spent 21 years in various 
capacities of geological exploration for a large international petroleum 
company.        
A native of California, John was raised in Los (continued, last page)  
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NCGS 2017 – 2018 Calendar 
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 Silent Auction 
We will hold a brief “silent auction” during the happy 
hour at our February meeting. Please send the 
description of any auction items to Noelle Schoellkopf 
(NSchoellkopf@slb.com), and copy Crystal Replogle 
(ctreplogle@gmail.com) and Barb Matz 
(barbara.matz@cbifederalservices.com), ahead of time 
for approval and to obtain a bid sheet.  

The rules of the silent auction will be sent in a 
separate email from Crystal.  Thanks for your 
participation! 
 

NCGS Field Trips 
 

Several potential field trips are being considered for 
2018.  A survey to the NCGS membership will 
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 

(willschweller@yahoo.com) know about it so that we 
can evaluate it for a future NCGS trip. 
 

San Francisco Bay Area Science Fair is 
now Golden Gate STEM Fair 

 You may be aware that the San Francisco Bay Area 
Science Fair did not take place in 2017.  Several 
unfortunate circumstances resulted in the Fair being 
cancelled after 63 years of annual operation.  An entirely 
new non-profit corporation has been formed to serve the 
science education community under the new name, the 
Golden Gate STEM Fair.   

The 2018 GGSF will be held the week of March 19 at 
the usual SFBASF site, the San Francisco County Fair 
Building at 9th and Lincoln in Golden Gate Park.  The 
deadline to sign up as a judge was January 31; however, 
if you think you'd like to help out, feel free to contact the 
organizers (http://www.goldengatestemfair.org). 

The GGSF also needs financial assistance.  If you can 
contribute yourself, or can encourage your company or 
professional organization to help, it would be hugely 
appreciated. StudioInfinity, a virtual space for exploring 
mathematical concepts, has stepped up to support the 
Fair with a $30,000 challenge grant! To receive that 
generous gift we need to raise that same amount.  Go to 
http://www.givedirect.org/donate/?cid=1393 to donate 
through the fiscal sponsor, the West Contra Costa Public 
Education Fund.  Choose Golden Gate STEM Fair from 
the Fiscal Projects drop-down menu.  

Initiating young people into the wonders and 
opportunities of science is paramount.  If you can help 
GGSF towards that goal, it would be much appreciated.  
Your support will give 7th through 12th grade students 
from throughout the Bay Area an opportunity to come 
together for a science competition, and to meet like-
minded students from all around the Bay Area.  Some of 
these students will qualify to represent the Bay Area at 
the California State Science Fair or the International 
Science and Engineering Fair.  It will also allow GGSF 
to continue their efforts to expand outreach and 
mentorship to students in underserved communities.  

 For more information, contact Marcus Wojtkowiak, 
GGSF Director, at ggstemfair@gmail.com 
 

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 
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year, from late August through early May.  An 
interesting one coming up soon is on Feb. 22, when 
David Schwartz of USGS Menlo Park will speak on 
Chasing Faults in Space and Time:  Observations and 
Implications for Past and Future Earthquake 
Occurrence. 
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. 
 
 

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 
events: 

• Friday thru Sunday,	 March 2-4 — Castro 
Valley Mineral, Gem, and Jewelry Show & 
Sale.  Friday has a fair number of classes 
brought from local schools. Dates of our 
booth’s presence may be all three days. 

• Wed., March 13, 6 to 8 pm – Math & Science 
Family Night at Thornton JHS in Fremont 

We can also still use a laptop , as well as 
nice specimens of 

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

(ones that can spark questions, tell stories).   
 

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 

 

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

 

Peninsula Geologic Society 
PGS has been meeting roughly bimonthly, so 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. 
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USGS Evening Public Lecture Series 
The USGS evening public lecture series events are 
free and are intended for a general public audience 
that may not be familiar with the science being 
discussed.  Monthly lectures are usually scheduled 
for the last Thursday of the month throughout the 
year, but are commonly scheduled for the previous 
Thursday to accommodate speakers.  On February 
22 at 7 pm, Seth Moran, Scientist-in-Charge, USGS 
Cascades Volcano Observatory, will present a 
lecture titled Research, monitoring, and the 
science of preparing society for low-probability, 
high-consequence events.  For more information on 
the lectures, and for a map of the location, go to: 
online.wr.usgs.gov/calendar/. 
 

A one-two punch may have helped 
deck the dinosaurs 

Seafloor data point to global volcanism after 
Chicxulub meteor strike 

 
Colored and black points mark the global distribution of 
mid-ocean ridges, with ages of 66 million years ago 
created at spreading rates above and below 35 
millimeters a year, respectively. Colors indicate the 
maximum gravity anomaly within 2 degrees. 
Credit: Courtesy of Joseph Byrnes 

The debate goes on: What killed off the dinosaurs? 

New University of Oregon research has identified 
gravity-related fluctuations dating to 66 million years 
ago along deep ocean ridges that point to a "one-two 
punch" from the big meteor that struck off Mexico's 
Yucatan peninsula, possibly triggering a worldwide 
release of volcanic magma that could have helped seal 
the dinosaurs' fate. 

"We found evidence for a previously unknown period 
of globally heighted volcanic activity during the mass-
extinction event," said former UO doctoral student 
Joseph Byrnes. 

The study by Byrnes and Leif Karlstrom, a professor 
in the UO's Department of Earth Sciences, was 
published Feb. 7 in Science Advances. It details a 

record of volcanism preserved along the mid-ocean 
ridges, which mark the oceanic boundaries of tectonic 
plates. The evidence comes from changes in the 
strength of gravity above the seafloor. 

The findings of the UO's National Science 
Foundation-supported study, Karlstrom said, point to 
a pulse of accelerated worldwide volcanic activity that 
includes enhanced eruptions at India's Deccan Traps 
after the Chicxulub impact. The Deccan Traps, in 
west-central India, formed during a period of massive 
eruptions that poured out layers of molten rock 
thousands of feet deep, creating one of the largest 
volcanic features on Earth. 

The Deccan Traps region has been in and out of the 
dinosaur debate. Rare volcanic events at such a scale 
are known to cause catastrophic disturbances to 
Earth's climate, and, when they occur, they are often 
linked to mass extinctions. Huge volcanic events can 
eject so much ash and gas into the atmosphere that 
few plants survive, disrupting the food chain and 
causing animals to go extinct. 

Since evidence of the meteor strike near present-day 
Chicxulub, Mexico, surfaced in the 1980s, scientists 
have debated whether the meteor or the Deccan Traps 
eruptions drove the extinction event that killed off all 
nonavian dinosaurs. 

Progressively improving dating methods indicate that 
the Deccan Traps volcanoes already were active when 
the meteor struck. Resulting seismic waves moving 
through the planet from the meteor strike, Karlstrom 
said, probably fueled an acceleration of those 
eruptions. 

"Our work suggests a connection between these 
exceedingly rare and catastrophic events, distributed 
over the entire planet," Karlstrom said. "The 
meteorite's impact may have influenced volcanic 
eruptions that were already going on, making for a 
one-two punch." 

That idea gained strength in 2015 when researchers at 
the University of California, Berkeley, proposed that 
the two events might be connected. That team, which 
included Karlstrom, suggested that the meteorite may 
have modulated distant volcanism by generating 
powerful seismic waves that produced shaking 
worldwide. 

Similar to the impacts that normal tectonic 
earthquakes sometimes have on wells and streams, 
Karlstrom said, the study proposed that seismic 
shaking liberated magma stored in the mantle beneath 
the Deccan Traps and caused the largest eruptions 
there. The new findings at the UO extend this 
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eruption-triggering in India to ocean basins 
worldwide. 

Byrnes, now a postdoctoral researcher at the 
University of Minnesota, analyzed publicly available 
global data sets on free-air gravity, ocean floor 
topography and tectonic spreading rates. 

In his analyses, he divided the seafloor into 1-million-
year-old groupings, constructing a record back to 100 
million years ago. At about 66 million years, he found 
evidence for a "short-lived pulse of marine 
magmatism" along ancient ocean ridges. This pulse is 
suggested by a spike in the rate of the occurrence of 
free-air gravity anomalies seen in the data set. 

Free-air gravity anomalies, measured in tiny 
increments call milligals, account for variations in 
gravitational acceleration, found from satellite 
measurements of additional seawater collecting where 
the Earth's gravity is stronger. Byrnes found changes 
in free-air gravity anomalies of between five and 20 
milligals associated with seafloor created in the first 
million years after the meteor. 

Story Source: Materials provided by University of 
Oregon.  

Journal Reference: Joseph S. Byrnes, Leif 
Karlstrom. Anomalous K-Pg–aged seafloor 
attributed to impact-induced mid-ocean ridge 
magmatism. Science Advances, 2018; 4 (2): 
eaao2994 DOI: 10.1126/sciadv.aao2994.  

 
 

Toward end of Ice Age, human 
beings witnessed fires larger than 

dinosaur killers 
On a ho-hum day some 12,800 years ago, the Earth 
had emerged from another ice age. Things were 
warming up, and the glaciers had retreated.  Out of 
nowhere, the sky was lit with fireballs. This was 
followed by shock waves. 

Fires rushed across the landscape, and dust clogged 
the sky, cutting off the sunlight. As the climate rapidly 
cooled, plants died, food sources were snuffed out, 
and the glaciers advanced again. Ocean currents 
shifted, setting the climate into a colder, almost "ice 
age" state that lasted an additional thousand years. 

Finally, the climate began to warm again, and people 
again emerged into a world with fewer large animals 
and a human culture in North America that left behind 
completely different kinds of spear points. 

This is the story supported by a massive study of 
geochemical and isotopic markers just published in 
the Journal of Geology. The results of the work, 

"Extraordinary Biomass-Burning Episode and Impact 
Winter Triggered by the Younger Dryas Cosmic 
Impact ~12,800 Years Ago," are divided into two 
parts. The paper's 24 authors include KU Emeritus 
Professor of Physics & Astronomy Adrian Melott and 
Professor Brian Thomas, a 2005 doctoral graduate 
from KU, now at Washburn University. 

"The work includes measurements made at more than 
170 different sites across the world," Melott said.  The 
KU researcher and his colleagues believe the data 
suggests the disaster was touched off when Earth 
collided with fragments of a disintegrating comet that 
was roughly 62 miles in diameter -- the remnants of 
which persist within our solar system to this day. 

"The hypothesis is that a large comet fragmented and 
the chunks impacted the Earth, causing this disaster," 
said Melott. "A number of different chemical 
signatures -- carbon dioxide, nitrate, ammonia and 
others -- all seem to indicate that an astonishing 10 
percent of the Earth's land surface, or about 10 million 
square kilometers, was consumed by fires." 

According to Melott, analysis of pollen suggests pine 
forests were probably burned off to be replaced by 
poplar, which is a species that colonizes cleared areas. 

Indeed, the authors posit the cosmic impact could 
have touched off the Younger Dryas cool episode, 
biomass burning, late Pleistocene extinctions of larger 
species and "human cultural shifts and population 
declines." 

"Computations suggest that the impact would have 
depleted the ozone layer, causing increases in skin 
cancer and other negative health effects," Melott said. 
"The impact hypothesis is still a hypothesis, but this 
study provides a massive amount of evidence, which 
we argue can only be all explained by a major cosmic 
impact." 

Story Source:  Materials provided by University of 
Kansas.  

Journal References: Wendy S. Wolbach, Joanne P. 
Ballard, Paul A. Mayewski, and 21 others. 
Extraordinary Biomass-Burning Episode and 
Impact Winter Triggered by the Younger Dryas 
Cosmic Impact ∼12,800 Years Ago. 1. Ice Cores 
and Glaciers. The Journal of Geology, 2018; 000 
DOI: 10.1086/695703, and Extraordinary Biomass-
Burning Episode and Impact Winter Triggered by 
the Younger Dryas Cosmic Impact ∼12,800 Years 
Ago. 2. Lake, Marine, and Terrestrial Sediments. 
The Journal of Geology, 2018; 000 DOI: 
10.1086/695704. 
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Reduced energy from the sun might 
occur by mid-century: Now 

scientists know by how much 

 
Magnetic loops gyrate above the sun, March 23-24, 
2017. 
      Credit: NASA/GSFC/Solar Dynamics Observatory 

The Sun might emit less radiation by mid-century, 
giving planet Earth a chance to warm a bit more 
slowly but not halt the trend of human-induced 
climate change. 

The cooldown would be the result of what scientists 
call a grand minimum, a periodic event during which 
the Sun's magnetism diminishes, sunspots form 
infrequently, and less ultraviolet radiation makes it to 
the surface of the planet. Scientists believe that the 
event is triggered at irregular intervals by random 
fluctuations related to the Sun's magnetic field. 

Scientists have used reconstructions based on 
geological and historical data to attribute a cold period 
in Europe in the mid-17th Century to such an event, 
named the "Maunder Minimum." Temperatures were 
low enough to freeze the Thames River on a regular 
basis and freeze the Baltic Sea to such an extent that a 
Swedish army was able to invade Denmark in 1658 on 
foot by marching across the sea ice. 

A team of scientists led by research physicist Dan 
Lubin at Scripps Institution of Oceanography at the 
University of California San Diego has created for the 
first time an estimate of how much dimmer the Sun 
should be when the next minimum takes place. 

There is a well-known 11-year cycle in which the 
Sun's ultraviolet radiation peaks and declines as a 
result of sunspot activity. During a grand minimum, 
Lubin estimates that ultraviolet radiation diminishes 
an additional seven percent beyond the lowest point of 
that cycle. His team's study, "Ultraviolet Flux 
Decrease Under a Grand Minimum from IUE Short-
wavelength Observation of Solar Analogs," appears in 

the publication Astrophysical Journal Letters and was 
funded by the state of California. 

"Now we have a benchmark from which we can 
perform better climate model simulations," Lubin 
said. "We can therefore have a better idea of how 
changes in solar UV radiation affect climate change." 

Lubin and colleagues David Tytler and Carl Melis of 
UC San Diego's Center for Astrophysics and Space 
Sciences arrived at their estimate of a grand 
minimum's intensity by reviewing nearly 20 years of 
data gathered by the International Ultraviolet Explorer 
satellite mission. They compared radiation from stars 
that are analogous to the Sun and identified those that 
were experiencing minima. 

The reduced energy from the Sun sets into motion a 
sequence of events on Earth beginning with a thinning 
of the stratospheric ozone layer. That thinning in turn 
changes the temperature structure of the stratosphere, 
which then changes the dynamics of the lower 
atmosphere, especially wind and weather patterns. 
The cooling is not uniform. While areas of Europe 
chilled during the Maunder Minimum, other areas 
such as Alaska and southern Greenland warmed 
correspondingly. 

Lubin and other scientists predict a significant 
probability of a near-future grand minimum because 
the downward sunspot pattern in recent solar cycles 
resembles the run-ups to past grand minimum events. 

Despite how much the Maunder Minimum might have 
affected Earth the last time, Lubin said that an 
upcoming event would not stop the current trend of 
planetary warming but might slow it somewhat. The 
cooling effect of a grand minimum is only a fraction 
of the warming effect caused by the increasing 
concentration of carbon dioxide in the atmosphere. 
After hundreds of thousands of years of CO2 levels 
never exceeding 300 parts per million in air, the 
concentration of the greenhouse gas is now over 400 
parts per million, continuing a rise that began with the 
Industrial Revolution. Other researchers have used 
computer models to estimate what an event similar to 
a Maunder Minimum, if it were to occur in coming 
decades, might mean for our current climate, which is 
now rapidly warming. 

One such study looked at the climate consequences of 
a future Maunder Minimum-type grand solar 
minimum, assuming a total solar irradiance reduced 
by 0.25 percent over a 50-year period from 2020 to 
2070. The study found that after the initial decrease of 
solar radiation in 2020, globally averaged surface air 
temperature cooled by up to several tenths of a degree 
Celsius. By the end of the simulated grand solar 
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minimum, however, the warming in the model with 
the simulated Maunder Minimum had nearly caught 
up to the reference simulation. Thus, a main 
conclusion of the study is that "a future grand solar 
minimum could slow down but not stop global 
warming." 

Story Source:  Materials provided by UC San Diego.  

Journal Reference: Dan Lubin, Carl Melis, David 
Tytler. Ultraviolet Flux Decrease Under a Grand 
Minimum from IUE Short-wavelength 
Observation of Solar Analogs. The Astrophysical 
Journal, 2017; 852 (1): L4 DOI: 10.3847/2041-
8213/aaa124. 
 

Massive reserves of mercury hidden 
in permafrost 

 
Permafrost in Alaska is thawing, and a new study 
finds northern permafrost soils are the largest 
reservoir of mercury on the planet, storing nearly 
twice as much mercury as all other soils, the ocean, 
and the atmosphere combined. 
Credit: John A. Kelley, USDA Natural Resources 
Conservation, CC BY 2.0. 

Researchers have discovered that permafrost in the 
northern hemisphere stores massive amounts of 
natural mercury, a finding with significant 
implications for human health and ecosystems 
worldwide. In a new study, scientists measured 
mercury concentrations in permafrost cores from 
Alaska and estimated how much mercury has been 
trapped in permafrost north of the equator since the 
last Ice Age. 

The study reveals northern permafrost soils are the 
largest reservoir of mercury on the planet, storing 
nearly twice as much mercury as all other soils, the 
ocean and the atmosphere combined. 

The new study was published today in Geophysical 
Research Letters, a journal of the American 
Geophysical Union. "This discovery is a game-
changer," said Paul Schuster, a hydrologist at the U.S. 
Geological Survey in Boulder, Colorado and lead 

author of the new study. "We've quantified a pool of 
mercury that had not been done previously, and the 
results have profound implications for better 
understanding the global mercury cycle." 

Warmer air temperatures due to climate change could 
thaw much of the existing permafrost layer in the 
northern hemisphere. This thawing permafrost could 
release a large amount of mercury that could 
potentially affect ecosystems around the world. 
Mercury accumulates in aquatic and terrestrial food 
chains, and has harmful neurological and reproductive 
effects on animals. 

"There would be no environmental problem if 
everything remained frozen, but we know the Earth is 
getting warmer," Schuster said. "Although 
measurement of the rate of permafrost thaw was not 
part of this study, the thawing permafrost provides a 
potential for mercury to be released -- that's just 
physics." 

Tackling an unknown question 

Natural mercury found in the atmosphere binds with 
organic material in the soil, gets buried by sediment, 
and becomes frozen into permafrost, where it remains 
trapped for thousands of years unless liberated by 
changes such as permafrost thaw. 

Schuster's team determined the total amount of 
mercury locked up in permafrost using field data. 
Between 2004 and 2012, the study authors drilled 13 
permafrost soil cores from various sites in Alaska, and 
measured the total amounts of mercury and carbon in 
each core. They selected sites with a diverse array of 
soil characteristics to best represent permafrost found 
around the entire northern hemisphere. 

Schuster and his colleagues found their measurements 
were consistent with published data on mercury in 
non-permafrost and permafrost soils from thousands 
of other sites worldwide. They then used their 
observed values to calculate the total amount of 
mercury stored in permafrost in the northern 
hemisphere and create a map of mercury 
concentrations in the region. 

The study found approximately 793 gigagrams, or 
more than 15 million gallons, of mercury is frozen in 
northern permafrost soil. That is roughly 10 times the 
amount of all human-caused mercury emissions over 
the last 30 years, based on emissions estimates from 
2016. 

The study also found all frozen and unfrozen soil in 
northern permafrost regions contains a combined 
1,656 gigagrams of mercury, making it the largest 
known reservoir of mercury on the planet. This pool 
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houses nearly twice as much mercury as soils outside 
of the northern permafrost region, the ocean and the 
atmosphere combined. 

The effects of the released mercury 

Scientists are still unsure how much of the stored 
mercury would affect ecosystems if the permafrost 
were to thaw. One major question revolves around 
how much of the mercury would leach out of the soil 
into surrounding waterways, according to Steve 
Sebestyen, a research hydrologist at the USDA Forest 
Service in Grand Rapids, Minnesota, who was not 
involved with the new research. If the mercury is 
transported across waterways, it could be taken up by 
microorganisms and transformed into methylmercury, 
he said. This form of mercury is a dangerous toxin 
that causes neurological effects in animals ranging 
from motor impairment to birth defects. 

"There's a significant social and human health aspect 
to this study," Sebestyen said. "The consequences of 
this mercury being released into the environment are 
potentially huge because mercury has health effects on 
organisms and can travel up the food chain, adversely 
affecting native and other communities." 

Edda Mutter, science director for the Yukon River 
Inter-Tribal Watershed Council, said the new study 
demonstrates thawing permafrost could have grave 
consequences for local ecosystems and indigenous 
communities in the northern hemisphere. "Rural 
communities in Alaska and other northern areas have 
a subsistence lifestyle, making them vulnerable to 
methylmercury contaminating their food supply," 
Mutter said.  

The release of mercury could also have far-reaching 
global consequences, according to Shanley. Mercury 
released into the atmosphere can travel large distances 
and could affect communities and ecosystems 
thousands of miles away from the release site, he said. 

"24 percent of all the soil above the equator is 
permafrost, and it has this huge pool of locked-up 
mercury," Schuster said. "What happens if the 
permafrost thaws? How far will the mercury travel up 
the food chain? These are big-picture questions that 
we need to answer." 

Story Source: Material provided by American 
Geophysical Union.  

Journal Reference: Paul F. Schuster, Kevin M. 
Schaefer, George R. Aiken, Ronald C. Antweiler, 
John F. Dewild, Joshua D. Gryziec, Alessio 
Gusmeroli, Gustaf Hugelius, Elchin Jafarov, David P. 
Krabbenhoft, Lin Liu, Nicole Herman-Mercer, Cuicui 
Mu, David A. Roth, Tim Schaefer, Robert G. Striegl, 

Kimberly P. Wickland, Tingjun Zhang. Permafrost 
Stores a Globally Significant Amount of Mercury. 
Geophysical Research Letters, 2018; DOI: 
10.1002/2017GL075571. 
 

Oxidized iron deep within Earth's 
interior 

Unexpected finding shows surprises geoscientists 
around the world  

Diamonds with garnet inclusions can form at depths 
down to 550 kilometres below the surface. 
Credit: Jeff W. Harris, University of Glasgow. 

Scientists digging deep into the Earth's mantle 
recently made an unexpected discovery.  Five hundred 
and fifty kilometres below the Earth's surface, they 
found highly oxidized iron, similar to the rust we see 
on our planet's surface, within garnets found within 
diamonds. 

The result surprised geoscientists around the globe 
because there is little opportunity for iron to become 
so highly oxidized deep below the Earth's surface. 

Surprising discovery 

"On Earth's surface, where oxygen is plentiful, iron 
will oxidize to rust," explained Thomas Stachel, 
professor in the Department of Earth and Atmospheric 
Sciences at the University of Alberta, who co-
authored the study. "In the Earth's deep mantle, we 
should find iron in its less oxidized form, known as 
ferrous iron, or in its metal form. But what we found 
was the exact opposite -- the deeper we go, the more 
oxidized iron we found." 

This discovery suggests that something oxidized the 
rocks in which the superdeep diamonds were founds. 
The scientists suspect that it was molten carbonate, 
carried to these great depths in sinking slabs of ancient 
sea floor. 

"It's exciting to find evidence of such profound 
oxidation taking place deep inside the Earth," said 
Stachel, Canada Research Chair in diamonds. 

Carbon cycle 

The study also has implications for understanding the 
global carbon cycle that involves the transport of 
surface carbon back into the Earth's mantle. 

"We know lots about the carbon cycle on Earth's 
surface, but what about in the mantle?" explained 
Stachel. "Our study suggests that surface carbon goes 
down as carbonates to at least 550 kilometres below 
the surface. There, these carbonates may melt and 
react with the surrounding rocks, eventually 
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crystallizing into diamonds. Diamonds can then be 
taken down even deeper in the mantle." 

The study shows that the carbon cycle extends deep 
into mantle, possibly all the way down to the core-
mantle boundary, with billion year storage times. 

Story Source: Materials provided by University of 
Alberta.  

Journal Reference:  Ekaterina S. Kiseeva, Denis M. 
Vasiukov, Bernard J. Wood, Catherine McCammon, 
Thomas Stachel, Maxim Bykov, Elena Bykova, 
Aleksandr Chumakov, Valerio Cerantola, Jeff W. 
Harris, Leonid Dubrovinsky. Oxidized iron in 
garnets from the mantle transition zone. Nature 
Geoscience, 2018; DOI: 10.1038/s41561-017-0055-7.  
 

 

Rainforest collapse 307 million years 
ago impacted the evolution of early 

land vertebrates 
Researchers at the University of Birmingham have 
discovered that the mass extinction seen in plant 
species caused by the onset of a drier climate 307 
million years ago led to extinctions of some groups of 
tetrapods, the first vertebrates to live on land, but 
allowed others to expand across the globe. This 
research was published 7 February 2018 in the journal 
Proceedings of the Royal Society B. 

The Carboniferous and Permian periods (358 -- 272 
million years ago) were critical intervals in the 
evolution of life on land. During the Carboniferous 
Period North America and Europe lay in a single land 
mass at the equator which was covered by dense 
tropical rainforests. These rainforests flourished 
because of the warm humid climate, providing an 
ideal habitat for early tetrapods (vertebrates with four 
limbs), allowing them to diversify into a variety of 
species. 

But towards the end of this period a major global 
environment change took place -- just as the number 
of tetrapod species began to increase, the rainforests 
started to disappear. The climate became much drier 
causing the mass extinction of many species within 
the dominant plant groups, such as horsetails and club 
mosses. Despite this being a catastrophic event for 
plants, it has been unclear how this affected the early 
tetrapod community. 

Previous attempts to estimate the diversity changes 
during this period have been hindered by the fossil 
record, which has not been sampled equally in 
different time intervals or geographic areas. To fill 
these gaps in the data, the Birmingham researchers 

compiled a new dataset from the Paleobiology 
Database and used advanced statistical methods to 
estimate diversity and biogeographic changes. 

The results of the study show that tetrapod diversity 
decreased after the rainforest collapse and the onset of 
drier conditions, largely due to the reduction in 
suitable habitats for amphibians which needed wet 
environments to survive. 

However they also found that after the rainforest 
collapse surviving tetrapod species began to disperse 
more freely across the globe, colonising new habitats 
further from the equator. Many of these survivors 
were early amniotes, such as early reptiles, whose 
generally larger size relative to early amphibians 
allowed them to travel longer distances, and their 
ability to lay eggs meant they were not confined to 
watery habitats. 

Emma Dunne, from the University of Birmingham's 
School of Geography, Earth and Environmental 
Sciences, said: “This is the most comprehensive 
survey ever undertaken on early tetrapod evolution, 
and uses many newly developed techniques for 
estimating diversity patterns of species from fossil 
records, allowing us greater insights into how early 
tetrapods responded to the changes in their 
environment.” 

Dunne continued: “We now know that the rainiforest 
collapse was crucial in paving the way for amniotes, 
the group which ultimately gave rise to modern 
mammals, reptiles and birds, to become the dominant 
group of land vertebrates during the Permian period 
and beyond.” 

Story Source: Materials provided by University of 
Birmingham.   

Journal Reference:  Dunne E, Close R, Button D, 
Brocklehurst N, Cashmore D, Lloyd G, Butler R. 
Diversity change during the rise of tetrapods and the 
impact of the ‘Carboniferous Rainforest Collapse’. 
Proceedings of the Royal Society B, January 19, 2018 
DOI: 10.5061/dryad.n4k45. 
 

Yellowstone spawned twin super-
eruptions that altered global climate 
News release from Geological Society of America, 
https://www.geosociety.org/GSA/News/Releases/GSA/News/
pr/2017/17-60.aspx, Oct. 24, 2017. 

A new geological record of the Yellowstone 
supervolcano's last catastrophic eruption is rewriting 
the story of what happened 630,000 years ago and 
how it affected Earth's climate. This eruption formed 
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the vast Yellowstone caldera observed today, the 
second largest on Earth. 

Two layers of volcanic ash bearing the unique 
chemical fingerprint of Yellowstone's most recent 
super-eruption have been found in seafloor sediments 
in the Santa Barbara Basin, off the coast of Southern 
California. These layers of ash, or tephra, are 
sandwiched among sediments that contain a 
remarkably detailed record of ocean and climate 
change. Together, both the ash and sediments reveal 
that the last eruption was not a single event, but two 
closely spaced eruptions that tapped the brakes on a 
natural global-warming trend that eventually led the 
planet out of a major ice age. 

"We discovered here that there are two ash-forming 
super-eruptions 170 years apart and each cooled the 
ocean by about 3 degrees Celsius," said U.C. Santa 
Barbara geologist Jim Kennett, who will be presenting 
a poster about the work on Wednesday, 25 Oct., at the 
annual meeting of the Geological Society of America 
in Seattle. Attaining the resolution to detect the 
separate eruptions and their climate effects is due to 
several special conditions found in the Santa Barbara 
Basin, Kennett said. 

One condition is the steady supply of sediment to the 
basin from land -- about one millimeter per year. Then 
there is the highly productive ocean in the area, fed by 
upwelling nutrients from the deep ocean. This 
produced abundant tiny shells of foraminifera that 
sank to the seafloor where they were buried and 
preserved in the sediment. These shells contain 
temperature-dependent oxygen isotopes that reveal the 
sea surface temperatures in which they lived. 

But none of this would be much use, said Kennett, if it 
not for the fact that oxygen levels at the seafloor in the 
basin are so low as to preclude burrowing marine 
animals that mix the sediments and degrade details of 
the climate record. As a result, Kennett and his 
colleagues can resolve the climate with decadal 
resolution. 

By comparing the volcanic ash record with the 
foraminifera climate record, it's quite clear, he said, 
that both of these eruptions caused separate volcanic 
winters -- each about 80 years in length -- which is 
when ash and volcanic sulfur dioxide emissions 
reduce that amount of sunlight reaching Earth's 
surface and cause temporary cooling. These cooling 
events occurred at an especially sensitive time when 
the global climate was warming out of an ice age and 
easily disrupted by such events. 

Kennett and colleagues discovered that the onset of 
the global cooling events was abrupt and coincided 

precisely with the timing of the supervolcanic 
eruptions, the first such observation of its kind. 

But each time, the cooling lasted longer than it should 
have, according to simple climate models, he said. 
"We see planetary cooling of sufficient magnitude and 
duration that there had to be other feedbacks 
involved." These feedbacks might include increased 
sunlight-reflecting sea ice and snow cover or a change 
in ocean circulation that would cool the planet for a 
longer time. 

"It was a fickle, but fortunate time," Kennett said of 
the timing of the eruptions. "If these eruptions had 
happened during another climate state we may not 
have detected the climatic consequences because the 
cooling episodes would not have lasted so long." 

Story Source: Materials provided by Geological 
Society of America.  

Reference: Abstract: Santa Barbara Basin Sediment 
Record of Volcanic Winters Triggered by Two 
Yellowstone Supervolcano Eruptions at 639 ka: 
https://gsa.confex.com/gsa/2017AM/webprogram/Pap
er306169.html. 
 

Neanderthals' lack of drawing 
ability may relate to hunting 

Spear-throwing gave Homo sapiens better eye-
hand coordination, smarter brains 

 
Neanderthals used thrusting spears to bring down tamer 
prey in Eurasia, while Homo sapiens, or modern 
humans, spent hundreds of thousands of years spear-
hunting wary and dangerous game on the open 
grasslands of Africa.   Credit: © Oleg Kozlov / Fotolia 

Visual imagery used in drawing regulates arm 
movements in manner similar to how hunters visualize 
the arc of a spear. Neanderthals had large brains and 
made complex tools but never demonstrated the 
ability to draw recognizable images, unlike early 
modern humans who created vivid renderings of 
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animals and other figures on rocks and cave walls. 
That artistic gap may be due to differences in the way 
they hunted, suggests a University of California, 
Davis, expert on predator-prey relations and their 
impacts on the evolution of behavior. 

Neanderthals used thrusting spears to bring down 
tamer prey in Eurasia, while Homo sapiens, or modern 
humans, spent hundreds of thousands of years spear-
hunting wary and dangerous game on the open 
grasslands of Africa. 

Richard Coss, a professor emeritus of psychology, 
says the hand-eye coordination involved in both 
hunting with throwing spears and drawing 
representational art could be one factor explaining 
why modern humans became smarter than 
Neanderthals. 

In an article recently published in the journal 
Evolutionary Studies in Imaginative Culture, Coss 
examines archaeological evidence, genomics, 
neuroscience studies, animal behavior and prehistoric 
cave art. 

New theory of evolution 

From this, he proposes a new theory for the evolution 
of the human brain: Homo sapiens developed rounder 
skulls and grew bigger parietal cortexes -- the region 
of the brain that integrates visual imagery and motor 
coordination -- because of an evolutionary arms race 
with increasingly wary prey. 

Early humans hunted with throwing spears in sub-
Saharan Africa for more than 500,000 years -- leading 
their increasingly watchful prey to develop better 
flight or fight survival strategies, Coss said. 

Some anthropologists have suggested that throwing 
spears from a safe distance made hunting large game 
less dangerous, he said. But until now, "No 
explanation has been given for why large animals, 
such as hippos and Cape buffalo, are so dangerous to 
humans," he said. "Other nonthreatening species 
foraging near these animals do not trigger alert or 
aggressive behavior like humans do." 

Drawn from earlier research on zebras 

Coss' paper grew out of a 2015 study in which he and 
a former graduate student reported that zebras living 
near human settlements could not be approached as 
closely before fleeing as wild horses when they saw a 
human approaching on foot -- staying just outside the 
effective range of poisoned arrows used by African 
hunters for at least 24,000 years. 

Neanderthals, whose ancestors left Africa for Eurasia 
before modern human ancestors, used thrusting spears 

at close range to kill horses, reindeer, bison, and other 
large game that had not developed an innate wariness 
of humans, he said. 

Hunting relates to drawing 

"Neanderthals could mentally visualize previously 
seen animals from working memory, but they were 
unable to translate those mental images effectively 
into the coordinated hand-movement patterns required 
for drawing," Coss writes. 

Coss, who taught drawing classes early in his 
academic career and whose previous research focused 
on art and human evolution, used photos and film to 
study the strokes of charcoal drawings and engravings 
of animals made by human artists 28,000 to 32,000 
years ago in the Chauvet-Pont-d'Arc Cave in southern 
France. 

The visual imagery employed in drawing regulates 
arm movements in a manner similar to how hunters 
visualize the arc their spears must make to hit their 
animal targets, he concludes. 

These drawings could have acted as teaching tools. 
"Since the act of drawing enhances observational 
skills, perhaps these drawings were useful for 
conceptualizing hunts, evaluating game attentiveness, 
selecting vulnerable body areas as targets, and 
fostering group cohesiveness via spiritual 
ceremonies," he writes. 

As a result, the advent of drawing may have set the 
stage for cultural changes, Coss said. "There are 
enormous social implications in this ability to share 
mental images with group members." 

Story Source: Materials provided by University of 
California, Davis. 

Journal Reference: Richard G. Coss. Drawings of 
Representational Images by Upper Paleolithic 
Humans and their Absence in Neanderthals Might 
Reflect Historical Differences in Hunting Wary 
Game. Evolutionary Studies in Imaginative Culture, 
2018. 
 

New details emerge on temperature, 
mobility of earth's lower crust in 

Rocky Mountains 
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This is Moho temperature at depths varying from 20 
to 50 km.         Credit: Colorado State University 

Everything on the surface of the Earth rests on 
massive tectonic plates that resemble a jelly sandwich, 
with two rigid pieces -- the upper crust and the upper 
mantle -- enclosing a gooey middle layer of very hot 
rocks, which is the lower crust. The plates move ever 
so slowly around the globe over a deeper hot layer 
called the asthenosphere. 

Temperature plays a fundamental role in determining 
the strength, thickness, and buoyancy of the lower 
crust. A research team led by Colorado State 
University has mapped the temperature and viscosity 
of the lower crust for the first time and found that, 
under much of the western United States, the layer is 
hot enough to be near its initial melting point and, 
therefore, quite runny. 

This new research shows that significant regions of 
the lower crust have little strength, and that over 
several million years, could lead to many mountains in 
the western U.S. being flattened. 

"Having a map of the temperature gives us an 
understanding of how strong the plate is," said Derek 
Schutt, associate professor in CSU's Department of 
Geosciences. "What we found is that there are places 
where the crust is not strong enough to hold the 
topography." 

Imagine three slices of Silly Putty, two frozen pieces 
lying on the top and bottom of one that is room 
temperature. When you push on the top layer, the 
warm Silly Putty will be squeezed flat. Similar 
mechanics are at work in the Earth's crust. 

"Mountains are formed by forces pushing things 
around, and weak areas collapsing," according to 
Schutt. 

Outside forces could potentially push on the crust and 
that force could be transferred deep inland, which is 
called orogenic float, he said. The new study suggests 
this process may occur more often than previously 
thought. 

"That can cause mountains to form at a great distance 
from where you're pushing on things," Schutt said. 
"Because the lower crust is mobile, force can be 
transmitted over a large distance." 

Scientists generally think of tectonic plates, or 
lithosphere, as being made up of the crust and a cold 
uppermost mantle. But in this new analysis, the team 
saw something akin to ball bearings slipping between 
the crust and mantle. While not unexpected, this study 
was able to map the extent of the areas resembling 
ball bearings. 

"The 'ball bearings' keep separate what's happening in 
the mantle from what's happening in the crust," said 
Schutt. 

Researchers calculated temperatures at the bottom of 
the crust, which varies in thickness, by measuring the 
velocity of seismic waves that travel near the interface 
between the lower crust and uppermost mantle. 

In the western U.S., the crust is very hot, which is 
what makes it so weak. 

"We know in general that the lower crust in the 
western United States seems hot," said Schutt. "But 
this is the first time we've been able to really ascribe a 
temperature to a specific location." 

The findings, he said, are not too surprising. But the 
research could lead to more insight about why 
mountains exist and, more specifically, why they exist 
in places where the temperatures in the lower crust are 
so high. 

Schutt and the research team will continue to explore 
the causes of variations in tectonic plate strength as 
part of an ongoing project between Colorado State 
University, Utah State University, and Scripps 
Institution of Oceanography at the University of 
California, San Diego. This research is funded by the 
National Science Foundation's Earthscope Program. 

Story Source: Materials provided by Colorado State 
University.  

Journal Reference: Derek L. Schutt, Anthony R. 
Lowry, Janine S. Buehler. Moho temperature and 
mobility of lower crust in the western United 
States. Geology, 2018; DOI: 10.1130/G39507.1. 
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