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- - NO APRIL MEETING - -

Due to Coronavirus Pandemic Concerns

As you may have anticipated, we will have to cancel our April 
NCGS meeting, as we did for March.  We hope and trust that 
everyone will practice social distancing and will remain safe, 
especially in any inside spaces outside the home.  Until we can 
meet again as geologists should, we’ll at least publish our 
newsletter to help us all try to stay somewhat current on news 
of developments in our field.  In the body of the newsletter 
we have our normal collection of geology news summaries, 
and from the broader science literature, we have an 
interesting article constraining the possible origin of the 
Covid-19 virus.

Here’s hoping that we can meet again soon, and perhaps 
organize another round of the excellent field trip on Mount 
Diablo, led last fall by Don Medwedeff and Will Schweller.  
In the meantime, be safe!

http://www.ncgeolsoc.org/
mailto:ctreplogle@gmail.com
mailto:willschweller@yahoo.com
mailto:barbara.matz@cbifederalservices.com
mailto:plgarbutt@comcast.net
mailto:tomasbarry@aol.com
mailto:rays.rock@gmail.com
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NCGS 2019 – 2020 Calendar 

Tentative – subject to change 

May 27         Dinner Meeting         6:00 pm
Raymond Jeanloz, UC Berkeley

Peering into the deep earth: preliminary findings of the 
Deep Carbon Observatory  

June 24          7:00 pm
Jared Gooley, Stanford University (Ph.D. candidate)

Tectonic evolution of the central California margin as 
reflected by detrital zircon composition in Mt. Diablo 

region

THE 75th ANNIVERSARY VOLUME OF 
THE NORTHERN CALIFORNIA 

GEOLOGICAL SOCIETY:
THE REGIONAL GEOLOGICAL 
SETTING OF MOUNT DIABLO

The following table summarizes the contributions to the 
Volume scheduled to be published by the Geological 
Society of America in December 2020. The editors are 
Ray Sullivan, Doris Sloan, Jeff Unruh, and David 
Schwartz.

Table of Contents
Chapter 1 – Introduction Author(s)

History of Geological 
Exploration

Bartow

History of Coal and Sand 
Mining

Sullivan, Dedmon 
et al.

Mineral Deposits on Mt Diablo Motzer
Aggregate Mining: Clayton 
Quarries on Mt. Zion

Goodwin

Exploration Oil and Gas Hector, Elam, and 
Blake

Geomorphic Evolution due to 
road construction

Fuller

Chapter 2 – Structure

Franciscan Complex Mt Diablo Wakabayashi
Regional Framework Graymer
Structural Analysis of 
Cretaceous/Tertiary Boundary

Unruh and Hector

Deformational history and 
Stratigraphic relationships at Mt 

Unruh

Diablo and Rio Vista basin
Tectonic Development of Mt. 
Diablo: A Retrospective

Figuers and Crane 
(deceased)

Miocene Volcanic Rocks on East 
side of Mt. Diablo

Fay, Sullivan et al.

Recent Seismicity Schwartz

Chapter 3 – Stratigraphy
Stratigraphy, Northeastern Flank Sullivan et al.
Detrital Zircon Study of the 
Tertiary

Gooley and 
Graham

Tephra Provenance of the Upper 
Tertiary

Sarna-Wojcicki et 
al.

Miocene Rocks of Contra Costa Ross, Edwards et 
al.

Late Tertiary Geological History Sarna-Wojcicki et 
al.

Paleogene biotic events of the 
San Francisco Area

McDougall

NCGS 75th Anniversary
It’s been 75 years since the NCGS began as an 
outgrowth of a genial gathering, over brews, of 
geologists from a variety of mostly petroleum 
exploration companies, in Rio Vista in 1944. Please 
join us in 2019 as we celebrate this landmark 
anniversary, and come to as many of our events as you 
can! We are progressing toward completion of the 
release The Regional Geologic Setting of Mount 
Diablo in a special publication of the GSA. 

NCGS member contributions to the 
publication

 of this volume are very welcome  

Members can simply send a check or online donation 
to the GSA Foundation and ask that it go to the 
Publications Fund. In addition to that, they will need to 
identify the book project. There is a spot in the online 
donation system where they can specify details about 
their donation. If they simply write "Mt. Diablo" the 
funds will get to where they need to. If sending a check, 
please write "Pubs Fund Mt. Diablo" on the memo line.

 

Online Learning with American 
Geosciences Institute

With many geoscience programs now needing to 
quickly shift to online teaching, the American 
Geosciences Institute (AGI) wants to make sure all 
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faculty are aware of the 29 modules in the free-to-take 
Geoscience Online Learning Initiative (GOLI) platform, 
which is a joint effort of AGI, AIPG, SEPM, and ASBOG.  
GOLI courses range in duration from 1 to 10 hours in 
length, addressing a range of geoscience topics and 
skills from writing in the geosciences to geoethics to 
advanced environmental geochemistry, among 
others.   These modules are ready to go and available 
for your students right now.

GOLI courses are always free-to-take.  If a student 
wishes to earn continuing education credits for 
successfully completing the course and apply them 
towards licensing or other professional needs, they 
have the option to pay a nominal fee.  Please 
visithttps://goli.americangeosciences.org.  

If you have any questions regarding GOLI, feel free to 
email goli@americangeosciences.org.

Currently available GOLI courses, among others:

An Introduction to Professional Writing for Geoscience 
Careers

Telling your Geoscience Story with Story Maps
Professional Geologist Licensure Requirements and the 

ASBOG National Geology License Examinations
Fundamentals of Professional Ethics: Elements and 

Examples
Tracking the Global Supply of Critical Materials
Desalination as a Source of Fresh Water
Techniques for Developing High Resolution LNAPL 

Conceptual Site Models
Converting Membrane Interface Probe Sensor Results 

into VOC NAPL Distribution Information

NCGS Award for Excellence in
the Teaching of Natural Resources in 

the Earth Sciences
Congratulation to Toshimi Fujikawa, the 2020 NCGS 
Winner:

Her philosophy of teaching of natural resources is to 
provide students an opportunity to learn about earth’s 
materials and processes in a hands-on, collaborative 
environment in order to have a broader view of the earth 
and the impact the processes have on their lives. 
Teaching is an ever-changing practice, and teachers must 
adapt to not only changing curriculum but to changing 
teaching practices.

At her school, Arroyo High School in San Lorenzo, 
Geology is one of two options (the other option is 
Chemistry in the Earth System) for the second class in the 
California State Framework 3 Course Model, which will 

ensure that all students meet all Next Generation Science 
Standards (NGSS). Geology is a UC-approved high 
school course that fulfils the A-G Subject Requirement of 
D Laboratory Science. Geology helps students understand 
the relationship between the Earth and the processes that 
make our planet an active and sometimes dangerous place. 
Students investigate earth science concepts through 
geologic phenomena and acquire laboratory and field 
skills involving mineral and rock identification 
(geochemistry), geophysics, geomorphology, geologic 
history, mapping, plate tectonics, astronomy, 
oceanography and meteorology. Concepts in chemistry, 
physics and environmental sciences are incorporated 
within the core units covered. There is at least one major 
activity or lab per week throughout the course.

The NCGS 2020 TOTY Award will be presented, if 
possible (!), at our 2020 Dinner Meeting.

Recently Published: Geology of San 
Francisco, California

The Geology of San Francisco provides an up-to-date 
overview of the geologic history of the San Francisco 
Bay Area and the engineering characteristics of 
geologic units, geologic hazards, water resources, 
infrastructure development, environmental issues, and 
geologic issues associated with major engineering 
structures built in San Francisco. Written to be useful to 
both the practicing geologist and interested public, this 
peer reviewed book includes 99 figures, mostly in color. 

https://goli.americangeosciences.org/
mailto:goli@americangeosciences.org
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Kenneth A. Johnson and Greg W. Bartow co-edited the 
book. Contributing authors are experts in their 
respective fields and include several NCGS members: 
John Baldwin, Greg W. Bartow, Peter Dartnell, George 
Ford, Jeffrey A. Gilman, Robert Givler, Sally Goodin, 
Russell W. Graymer, H. Gary Greene, Kenneth A. 
Johnson, Samuel Y. Johnson, Darrell Klingman, Keith 
L. Knudsen, William Lettis, William E. Motzer, 
Dorinda Shipman, Lori A. Simpson, Philip J. Stuecheli, 
and Raymond Sullivan.
The book is one publication in the Association of 
Environmental & Engineering Geologists (AEG), 
Geology of the Cities of the World Series. The book can 
be ordered from Star Publishing at (978) 829-2572.  A 
20% discount from the $79.95 retail price (plus 
shipping) is available through January 31, 2020.

New Streetcar 2 Subduction Geological 
Field Trips Using Google Earth

Streetcar 2 Subduction is a collection of geological 
field trips that take users to some of the world-class 
geological sites of the San Francisco Bay Area. In 1979, 
Clyde Wahrhaftig created a geology tour of the San 
Francisco Bay Area, which was updated and published 
by American Geophysical Union(AGU) as “A Streetcar 
to Subduction and Other Plate Tectonic Trips by Public 
Transport in San Francisco” in 1984. Forty years later, 
as part of AGU’s Centennial, the “Streetcar” tours have 
been revised, with new trips added, and old exposures 
that have vanished removed, taking what once was a 
print book and turning it into a digital experience 
through Google Earth.  
Streetcar 2 Subduction is designed for anyone to 
explore the geology of the San Francisco Bay area with 
their phone or cellular enabled device and the Google 
Earth App. The experience is modular and can take 
anyone from a few hours to a few days depending on 
how many trips and stops they would like to make. 
Many of the trips are accessible through public 
transportation, but a few outlying trips are best reached 
by driving. The trip can also be explored by those at 
home through their internet browser, at:
https://www.agu.org/learn-and-
develop/learn/streetcar2subduction/streetcar2subduction

NCGS Outreach Opportunities
There are no announcements for NCGS outreach this 
month, but keep an eye on this space, and for emails that 
may come from Crystal Replogle, our recording 

secretary.  The outreach group had a successful day 
interfacing with students at last fall’s science fair at 
California State East Bay.

WE HAVE A FACEBOOK GROUP!  FIND US 
ON FACEBOOK @NCGEOLSOC AND 

TWITTER @NORCALGEOSOC

Check out our updated NCGS Website at 
http://ncgeolsoc.org/.  We have posted many older field 
trip guidebooks for free downloading, and we describe 
the process for purchasing newer guidebooks. The 
website includes a list of upcoming meetings, 
information on our scholarship program, a list of useful 
web links, and list of NCGS officers.

UC Berkeley Earth & Planetary Science 
Weekly Seminar Series

Interesting seminars are presented at 141 McCone Hall 
on Thursdays (usually) at 3:45 pm for most of the 
academic year, from late August through early May. It 
is likely that all the talks previously scheduled for April 
2020 will be cancelled. For a list of seminars, go to 
http://eps.berkeley.edu/events/seminars. 

NCGS Board Meetings
The previously-scheduled April 2020 NCGS Board of 
Directors meeting will not be held.  Board meetings are 
generally held at 9 am on a Saturday in January, 
April/May, and September, and are open to all NCGS 
members.  Please contact Tom MacKinnon if you’d like 
to attend, at tom.mackinnon@comcast.net. 

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.  
Normally held at Rambo Auditorium, 345 Middlefield 
Road, Menlo Park, there will be no evening public 
lectures in Spring 2020.  For more information on the 
lectures, and for a map of the location, go to: 
https://online.wr.usgs.gov/calendar/.

Happy 2020! And that means it’s time to 
renew your membership!

Welcome to a new decade – but now is the time to check 
your membership status.  Please see page 13 for a blank 
registration form, and mail it in as indicated, or drop it 
off with Barbara Matz at the check-in desk at the next 
meeting.

https://www.agu.org/learn-and-develop/learn/streetcar2subduction/streetcar2subduction
https://www.agu.org/learn-and-develop/learn/streetcar2subduction/streetcar2subduction
http://ncgeolsoc.org/
http://eps.berkeley.edu/events/seminars
https://online.wr.usgs.gov/calendar/
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2023  GSA Cordilleran Section Meeting 
Coming to Sacramento

John Wakabayashi has informed us that the 2023 GSA 
Cordilleran Section Meeting will be in Sacramento. 
John plans to lead a Mt Diablo Field trip for that 
meeting – his trips are great, so mark your calendars! 

Traces of ancient rainforest in 
Antarctica point to a warmer 

Cretaceous world
ScienceDaily, April 1, 2020

Source: Imperial College London

Antarctica (stock image).  Credit: © evenfh / Adobe Stock

Researchers have found evidence of rainforests near the 
South Pole 90 million years ago, suggesting the climate 
was exceptionally warm at the time. A team from the UK 
and Germany discovered forest soil from the Cretaceous 
period within 900 km of the South Pole. Their analysis of 
the preserved roots, pollen and spores shows that the 
world at that time was a lot warmer than previously 
thought.

The discovery and analysis were carried out by an 
international team of researchers led by geoscientists from 
the Alfred Wegener Institute Helmholtz Centre for Polar 
and Marine Research in Germany and including Imperial 
College London researchers. Their findings were 
published recently in Nature.

Co-author Professor Tina van de Flierdt, from the 
Department of Earth Science & Engineering at Imperial, 
said: "The preservation of this 90-million-year-old forest 
is exceptional, but even more surprising is the world it 
reveals. Even during months of darkness, swampy 
temperate rainforests were able to grow close to the South 
Pole, revealing an even warmer climate than we 
expected."

The work also suggests that the carbon dioxide (CO2) 
levels in the atmosphere were higher than expected during 
the mid-Cretaceous period, 115-80 million years ago, 
challenging climate models of the period.

The mid-Cretaceous was the heyday of the dinosaurs but 
was also the warmest period in the past 140 million years, 
with temperatures in the tropics as high as 35 degrees 
Celsius and sea level 170 meters higher than today.

However, little was known about the environment south 
of the Antarctic Circle at this time. Now, researchers have 
discovered evidence of a temperate rainforest in the 
region, such as would be found in New Zealand today. 
This was despite a four-month polar night, meaning for a 
third of every year there was no life-giving sunlight at all.

The presence of the forest suggests average temperatures 
were around 12 degrees Celsius and that there was 
unlikely to be an ice cap at the South Pole at the time.

The evidence for the Antarctic forest comes from a core 
of sediment drilled into the seabed near the Pine Island and 
Thwaites glaciers in West Antarctica. One section of the 
core, that would have originally been deposited on land, 
caught the researchers' attention with its strange color.

The team CT-scanned the section of the core and 
discovered a dense network of fossil roots, which was so 
well preserved that they could make out individual cell 
structures. The sample also contained countless traces of 
pollen and spores from plants, including the first remnants 
of flowering plants ever found at these high Antarctic 
latitudes.

To reconstruct the environment of this preserved forest, 
the team assessed the climatic conditions under which the 
plants' modern descendants live, as well as analysing 
temperature and precipitation indicators within the 
sample.

They found that the annual mean air temperature was 
around 12 degrees Celsius; roughly two degrees warmer 
than the mean temperature in Germany today. Average 
summer temperatures were around 19 degrees Celsius; 
water temperatures in the rivers and swamps reached up 
to 20 degrees; and the amount and intensity of rainfall in 
West Antarctica were similar to those in today's Wales.

To get these conditions, the researchers conclude that 90 
million years ago the Antarctic continent was covered 
with dense vegetation, there were no land-ice masses on 
the scale of an ice sheet in the South Pole region, and the 
carbon dioxide concentration in the atmosphere was far 
higher than previously assumed for the Cretaceous.

Lead author Dr Johann Klages, from the Alfred Wegener 
Institute Helmholtz Centre for Polar and Marine Research, 
said: "Before our study, the general assumption was that 
the global carbon dioxide concentration in the Cretaceous 
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was roughly 1000 ppm. But in our model-based 
experiments, it took concentration levels of 1120 to 1680 
ppm to reach the average temperatures back then in the 
Antarctic."

Journal Reference: Johann P. Klages, Ulrich Salzmann, 
Torsten Bickert, Claus-Dieter Hillenbrand, Karsten Gohl, 
Gerhard Kuhn, Steven M. Bohaty, Jürgen Titschack, 
Juliane Müller, Thomas Frederichs, Thorsten Bauersachs, 
Werner Ehrmann, Tina van de Flierdt, Patric Simões 
Pereira, Robert D. Larter, Gerrit Lohmann, Igor 
Niezgodzki, Gabriele Uenzelmann-Neben, Maximilian 
Zundel, Cornelia Spiegel, Chris Mark, David Chew, Jane 
E. Francis, Gernot Nehrke, Florian Schwarz, James A. 
Smith, Tim Freudenthal, Oliver Esper, Heiko Pälike, 
Thomas A. Ronge, Ricarda Dziadek. Temperate 
rainforests near the South Pole during peak Cretaceous 
warmth. Nature, 2020; 580 (7801): 81 DOI: 
10.1038/s41586-020-2148-5.

In Earth's largest extinction, land 
animal die-offs began long before 

marine extinction
New dates for fossils indicate land animal turnover 

extended for hundreds of thousands of years
ScienceDaily, March 27, 2020

Source: Unisversity of California - Berkeley

The mass extinction at the end of the Permian Period 
252 million years ago -- one of the great turnovers of 
life on Earth -- appears to have played out differently 
and at different times on land and in the sea, according 
to newly re-dated fossils beds from South Africa and 
Australia.
New ages for fossilized vertebrates that lived just after 
the demise of the fauna that dominated the late Permian 
show that the ecosystem changes began hundreds of 
thousands of years earlier on land than in the sea, 
eventually resulting in the demise of up to 70% of 
terrestrial vertebrate species. The later marine 
extinction, in which nearly 95% of ocean species 
disappeared, may have occurred over the time span of 
tens of thousands of years.
Though most scientists believe that a series of volcanic 
eruptions, occurring in large pulses over a period of a 
million years in what is now Siberia, were the primary 
cause of the end-Permian extinction, the lag between 
the land extinction in the Southern Hemisphere and the 
marine extinction in the Northern Hemisphere suggests 
different immediate causes.

"Most people thought that the terrestrial collapse started 
at the same time as the marine collapse, and that it 
happened at the same time in the Southern Hemisphere 
and in the Northern Hemisphere," said paleobotanist 
Cindy Looy, University of California, Berkeley, 
associate professor of integrative biology. "The fact that 
the big changes were not synchronous in the Northern 
and Southern hemispheres has a big effect on 
hypotheses for what caused the extinction. An 
extinction in the ocean does not, per se, have to have the 
same cause or mechanism as an extinction that 
happened on land."
Members of Looy's lab have conducted experiments on 
living plants to determine whether a collapse of Earth's 
protective ozone layer may have irradiated and wiped 
out plant species. Other global changes -- a warming 
climate, a rise in carbon dioxide in the atmosphere and 
an increase in ocean acidification -- also occurred 
around the end of the Permian period and the beginning 
of the Triassic and likely contributed.
On land, the end-Permian extinction of vertebrates is 
best documented in Gondwana, the southern half of the 
supercontinent known as Pangea that eventually 
separated into the continents we know today as 
Antarctica, Africa, South America and Australia. There, 
in the South African Karoo Basin, populations of large 
herbivores, or plant eaters, shifted from the 
Daptocephalus assemblage to the Lystrosaurus 
assemblage. These groups are now extinct.
In the ocean, the extinction is best documented in the 
Northern Hemisphere, in particular by Chinese fossils. 
The end-Permian extinction is perhaps best associated 
with the demise of trilobites.
To improve on previous dates for the land extinction, an 
international team of scientists, including Looy, 
conducted uranium-lead dating of zircon crystals in a 
well-preserved volcanic ash deposit from the Karoo 
Basin. Looy, who is also a curator of paleobotany at the 
campus's Museum of Paleontology and curator of 
gymnosperms at the University and Jepson Herbaria, 
confirmed that sediments from several meters above the 
dated layer were devoid of Glossopteris pollen, 
evidence that these seed ferns, which used to dominate 
late Permian Gondwanan floras, became extinct around 
that time.
At 252.24 million years old, the zircons -- microscopic 
silicate crystals that form in rising magma inside 
volcanoes and are spewed into the atmosphere during 
eruptions -- are 300,000 years older than dates obtained 
for the confirmed Permian-Triassic (P-T) boundary in 
China. This means that the sediment layer assumed to 
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contain the P-T boundary in South Africa was actually 
at least 300,000 years too old.
Dates for an ash deposit in Australia, just above the 
layers that document the initial plant extinction, 
similarly came in almost 400,000 years older than 
thought. That work was published in January by 
Christopher Fielding and colleagues at the University of 
Nebraska in Lincoln.
"The Karoo Basin is the poster child for the end-
Permian vertebrate turnover, but until recently, it was 
not well-dated," Looy said. "Our new zircon date shows 
that the base of the Lystrosaurus zone predates the 
marine extinction with several hundred thousand years, 
similar to the pattern in Australia. This means that both 
the floral and faunal turnover in Gondwana is out of 
sync with the Northern Hemisphere marine biotic crisis.
"For some years now, we have known that -- in contrast 
to the marine mass extinction -- the pulses of 
disturbance of life on land continued deep into the 
Triassic Period. But that the start of the terrestrial 
turnover happened so long before the marine extinction 
was a surprise."
In their paper, Looy and an international team of 
colleagues concluded "that greater consideration should 
be given to a more gradual, complex, and nuanced 
transition of terrestrial ecosystems during the 
Changhsingian (the last part of the Permian) and, 
possibly, the early Triassic."
Looy and colleagues published their findings March 19 
in the open access journal Nature Communications. Her 
co-authors are Robert Gastaldo of Colby College in 
Maine; Sandra Kamo of the University of Toronto in 
Ontario; Johann Neveling of the Council for 
Geosciences in Pretoria, South Africa; John Geissman 
of the University of Texas in Dallas and Anna Martini 
of Amherst College in Massachusetts. The research was 
funded by the National Science Foundation.
Journal Reference: Robert A. Gastaldo, Sandra L. 
Kamo, Johann Neveling, John W. Geissman, Cindy V. 
Looy, Anna M. Martini. The base of the Lystrosaurus 
Assemblage Zone, Karoo Basin, predates the end-
Permian marine extinction. Nature Communications, 
2020; 11 (1) DOI: 10.1038/s41467-020-15243-7.

Discovery of life in solid rock deep 
beneath sea may inspire new search 

for life on Mars

Bacteria live in tiny clay-filled cracks in solid rock 
millions of years old

ScienceDaily, April 2, 2020
Source: University of Tokyo

Newly discovered single-celled creatures living deep 
beneath the seafloor have given researchers clues about 
how they might find life on Mars. These bacteria were 
discovered living in tiny cracks inside volcanic rocks after 
researchers persisted over a decade of trial and error to 
find a new way to examine the rocks.

Researchers estimate that the rock cracks are home to a 
community of bacteria as dense as that of the human gut, 
about 10 billion bacterial cells per cubic centimeter (0.06 
cubic inches). In contrast, the average density of bacteria 
living in mud sediment on the seafloor is estimated to be 
100 cells per cubic centimeter.

"I am now almost over-expecting that I can find life on 
Mars. If not, it must be that life relies on some other 
process that Mars does not have, like plate tectonics," said 
Associate Professor Yohey Suzuki from the University of 
Tokyo, referring to the movement of land masses around 
Earth most notable for causing earthquakes. Suzuki is first 
author of the research paper announcing the discovery, 
published in Communications Biology.

Magic of clay minerals

"I thought it was a dream, seeing such rich microbial life 
in rocks," said Suzuki, recalling the first time he saw 
bacteria inside the undersea rock samples.

Undersea volcanoes spew out lava at approximately 1,200 
degrees Celsius (2,200 degrees Fahrenheit), which 
eventually cracks as it cools down and becomes rock. The 
cracks are narrow, often less than 1 millimeter (0.04 inch) 
across. Over millions of years, those cracks fill up with 
clay minerals, the same clay used to make pottery. 
Somehow, bacteria find their way into those cracks and 
multiply.

"These cracks are a very friendly place for life. Clay 
minerals are like a magic material on Earth; if you can find 
clay minerals, you can almost always find microbes living 
in them," explained Suzuki.

The microbes identified in the cracks are aerobic bacteria, 
meaning they use a process similar to how human cells 
make energy, relying on oxygen and organic nutrients. 
"Honestly, it was a very unexpected discovery. I was very 
lucky, because I almost gave up," said Suzuki.

Cruise for deep ocean samples

Suzuki and his colleagues discovered the bacteria in rock 
samples that he helped collect in late 2010 during the 
Integrated Ocean Drilling Program (IODP). IODP 
Expedition 329 took a team of researchers from the 
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tropical island of Tahiti in the middle of the Pacific Ocean 
to Auckland, New Zealand. The research ship anchored 
above three locations along the route across the South 
Pacific Gyre and used a metal tube 5.7 kilometers long to 
reach the ocean floor. Then, a drill cut down 125 meters 
below the seafloor and pulled out core samples, each about 
6.2 centimeters across. The first 75 meters beneath the 
seafloor were mud sediment and then researchers 
collected another 40 meters of solid rock.

Depending on the location, the rock samples were 
estimated to be 13.5 million, 33.5 million and 104 million 
years old. The collection sites were not near any 
hydrothermal vents or sub-seafloor water channels, so 
researchers are confident the bacteria arrived in the cracks 
independently rather than being forced in by a current. The 
rock core samples were also sterilized to prevent surface 
contamination using an artificial seawater wash and a 
quick burn, a process Suzuki compares to making aburi 
(flame-seared) sushi

At that time, the standard way to find bacteria in rock 
samples was to chip away the outer layer of the rock, then 
grind the center of the rock into a powder and count cells 
out of that crushed rock.

"I was making loud noises with my hammer and chisel, 
breaking open rocks while everyone else was working 
quietly with their mud," he recalled.

How to slice a rock

Over the years, continuing to hope that bacteria might be 
present but unable to find any, Suzuki decided he needed 
a new way to look specifically at the cracks running 
through the rocks. He found inspiration in the way 
pathologists prepare ultrathin slices of body tissue samples 
to diagnose disease. Suzuki decided to coat the rocks in a 
special epoxy to support their natural shape so that they 
wouldn't crumble when he sliced off thin layers.

These thin sheets of solid rock were then washed with dye 
that stains DNA and placed under a microscope.

The bacteria appeared as glowing green spheres tightly 
packed into tunnels that glow orange, surrounded by black 
rock. That orange glow comes from clay mineral deposits, 
the "magic material" giving bacteria an attractive place to 
live.

Whole genome DNA analysis identified the different 
species of bacteria that lived in the cracks. Samples from 
different locations had similar, but not identical, species 
of bacteria. Rocks at different locations are different ages, 
which may affect what minerals have had time to 
accumulate and therefore what bacteria are most common 
in the cracks.

Suzuki and his colleagues speculate that the clay mineral-
filled cracks concentrate the nutrients that the bacteria use 

as fuel. This might explain why the density of bacteria in 
the rock cracks is eight orders of magnitude greater than 
the density of bacteria living freely in mud sediment where 
seawater dilutes the nutrients.

From the ocean floor to Mars

The clay minerals filling cracks in deep ocean rocks are 
likely similar to the minerals that may be in rocks now on 
the surface of Mars.

"Minerals are like a fingerprint for what conditions were 
present when the clay formed. Neutral to slightly alkaline 
levels, low temperature, moderate salinity, iron-rich 
environment, basalt rock -- all of these conditions are 
shared between the deep ocean and the surface of Mars," 
said Suzuki.

Suzuki's research team is beginning a collaboration with 
NASA's Johnson Space Center to design a plan to examine 
rocks collected from the Martian surface by rovers. Ideas 
include keeping the samples locked in a titanium tube and 
using a CT (computed tomography) scanner, a type of 3D 
X-ray, to look for life inside clay mineral-filled cracks.

"This discovery of life where no one expected it in solid 
rock below the seafloor may be changing the game for the 
search for life in space," said Suzuki.

Journal Reference: Yohey Suzuki, Seiya Yamashita, 
Mariko Kouduka, Yutaro Ao, Hiroki Mukai, Satoshi 
Mitsunobu, Hiroyuki Kagi, Steven D’ Hondt, Fumio 
Inagaki, Yuki Morono, Tatsuhiko Hoshino, Naotaka 
Tomioka, Motoo Ito. Deep microbial proliferation at the 
basalt interface in 33.5–104 million-year-old oceanic 
crust. Communications Biology, April 2, 2020 DOI: 
10.1038/s42003-020-0860-1.

COVID-19 coronavirus epidemic has a 
natural origin

ScienceDaily, March 17, 2020
Source: Scripps Research Institute

Coronavirus illustration (stock image).
           Credit: © pinkeyes / Adobe Stock
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The novel SARS-CoV-2 coronavirus that emerged in 
the city of Wuhan, China, last year and has since caused 
a large scale COVID-19 epidemic and spread to more 
than 70 other countries is the product of natural 
evolution, according to findings published today in the 
journal Nature Medicine.
The analysis of public genome sequence data from 
SARS-CoV-2 and related viruses found no evidence 
that the virus was made in a laboratory or otherwise 
engineered.
"By comparing the available genome sequence data for 
known coronavirus strains, we can firmly determine 
that SARS-CoV-2 originated through natural 
processes," said Kristian Andersen, PhD, an associate 
professor of immunology and microbiology at Scripps 
Research and corresponding author on the paper.
In addition to Andersen, authors on the paper, "The 
proximal origin of SARS-CoV-2," include Robert F. 
Garry, of Tulane University; Edward Holmes, of the 
University of Sydney; Andrew Rambaut, of University 
of Edinburgh; W. Ian Lipkin, of Columbia University.
Coronaviruses are a large family of viruses that can 
cause illnesses ranging widely in severity. The first 
known severe illness caused by a coronavirus emerged 
with the 2003 Severe Acute Respiratory Syndrome 
(SARS) epidemic in China. A second outbreak of 
severe illness began in 2012 in Saudi Arabia with the 
Middle East Respiratory Syndrome (MERS).
On December 31 of last year, Chinese authorities 
alerted the World Health Organization of an outbreak of 
a novel strain of coronavirus causing severe illness, 
which was subsequently named SARS-CoV-2. As of 
February 20, 2020, nearly 167,500 COVID-19 cases 
have been documented, although many more mild cases 
have likely gone undiagnosed. The virus has killed over 
6,600 people.
Shortly after the epidemic began, Chinese scientists 
sequenced the genome of SARS-CoV-2 and made the 
data available to researchers worldwide. The resulting 
genomic sequence data has shown that Chinese 
authorities rapidly detected the epidemic and that the 
number of COVID-19 cases have been increasing 
because of human to human transmission after a single 
introduction into the human population. Andersen and 
collaborators at several other research institutions used 
this sequencing data to explore the origins and evolution 
of SARS-CoV-2 by focusing in on several tell-tale 
features of the virus.
The scientists analyzed the genetic template for spike 
proteins, armatures on the outside of the virus that it 

uses to grab and penetrate the outer walls of human and 
animal cells. More specifically, they focused on two 
important features of the spike protein: the receptor-
binding domain (RBD), a kind of grappling hook that 
grips onto host cells, and the cleavage site, a molecular 
can opener that allows the virus to crack open and enter 
host cells.
Evidence for natural evolution
The scientists found that the RBD portion of the SARS-
CoV-2 spike proteins had evolved to effectively target 
a molecular feature on the outside of human cells called 
ACE2, a receptor involved in regulating blood pressure. 
The SARS-CoV-2 spike protein was so effective at 
binding the human cells, in fact, that the scientists 
concluded it was the result of natural selection and not 
the product of genetic engineering.
This evidence for natural evolution was supported by 
data on SARS-CoV-2's backbone -- its overall 
molecular structure. If someone were seeking to 
engineer a new coronavirus as a pathogen, they would 
have constructed it from the backbone of a virus known 
to cause illness. But the scientists found that the SARS-
CoV-2 backbone differed substantially from those of 
already known coronaviruses and mostly resembled 
related viruses found in bats and pangolins.
"These two features of the virus, the mutations in the 
RBD portion of the spike protein and its distinct 
backbone, rules out laboratory manipulation as a 
potential origin for SARS-CoV-2" said Andersen.
Josie Golding, PhD, epidemics lead at UK-based 
Wellcome Trust, said the findings by Andersen and his 
colleagues are "crucially important to bring an 
evidence-based view to the rumors that have been 
circulating about the origins of the virus (SARS-CoV-
2) causing COVID-19."
"They conclude that the virus is the product of natural 
evolution," Goulding adds, "ending any speculation 
about deliberate genetic engineering."
Possible origins of the virus
Based on their genomic sequencing analysis, Andersen 
and his collaborators concluded that the most likely 
origins for SARS-CoV-2 followed one of two possible 
scenarios.
In one scenario, the virus evolved to its current 
pathogenic state through natural selection in a non-
human host and then jumped to humans. This is how 
previous coronavirus outbreaks have emerged, with 
humans contracting the virus after direct exposure to 
civets (SARS) and camels (MERS). The researchers 
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proposed bats as the most likely reservoir for SARS-
CoV-2 as it is very similar to a bat coronavirus. There 
are no documented cases of direct bat-human 
transmission, however, suggesting that an intermediate 
host was likely involved between bats and humans.
In this scenario, both of the distinctive features of 
SARS-CoV-2's spike protein -- the RBD portion that 
binds to cells and the cleavage site that opens the virus 
up -- would have evolved to their current state prior to 
entering humans. In this case, the current epidemic 
would probably have emerged rapidly as soon as 
humans were infected, as the virus would have already 
evolved the features that make it pathogenic and able to 
spread between people.
In the other proposed scenario, a non-pathogenic 
version of the virus jumped from an animal host into 
humans and then evolved to its current pathogenic state 
within the human population. For instance, some 
coronaviruses from pangolins, armadillo-like mammals 
found in Asia and Africa, have an RBD structure very 
similar to that of SARS-CoV-2. A coronavirus from a 
pangolin could possibly have been transmitted to a 
human, either directly or through an intermediary host 
such as civets or ferrets.
Then the other distinct spike protein characteristic of 
SARS-CoV-2, the cleavage site, could have evolved 
within a human host, possibly via limited undetected 
circulation in the human population prior to the 
beginning of the epidemic. The researchers found that 
the SARS-CoV-2 cleavage site, appears similar to the 
cleavage sites of strains of bird flu that has been shown 
to transmit easily between people. SARS-CoV-2 could 
have evolved such a virulent cleavage site in human 
cells and soon kicked off the current epidemic, as the 
coronavirus would possibly have become far more 
capable of spreading between people.
Study co-author Andrew Rambaut cautioned that it is 
difficult if not impossible to know at this point which of 
the scenarios is most likely. If the SARS-CoV-2 entered 
humans in its current pathogenic form from an animal 
source, it raises the probability of future outbreaks, as 
the illness-causing strain of the virus could still be 
circulating in the animal population and might once 
again jump into humans. The chances are lower of a 
non-pathogenic coronavirus entering the human 
population and then evolving properties similar to those 
of SARS-CoV-2.
Funding for the research was provided by the US 
National Institutes of Health, the Pew Charitable Trusts, 
the Wellcome Trust, the European Research Council, 
and an ARC Australian Laureate Fellowship.

Journal Reference: Kristian G. Andersen, Andrew 
Rambaut, W. Ian Lipkin, Edward C. Holmes, Robert F. 
Garry. The proximal origin of SARS-CoV-2. Nature 
Medicine, 2020; DOI: 10.1038/s41591-020-0820-9.

'Fossil earthquakes' offer new insight 
into seismic activity deep below 

Earth's surface
ScienceDaily, March 12, 2020
Source: University of Plymouth

A major international study has shed new light on the 
mechanisms through which earthquakes are triggered up 
to 40km beneath the earth's surface.

While such earthquakes are unusual, because rocks at 
those depth are expected to creep slowly and aseismically, 
they account for around 30 per cent of intracontinental 
seismic activity. Recent examples include a significant 
proportion of seismicity in the Himalaya as well as 
aftershocks associated with the 2001 Bhuj earthquake in 
India.

However, very little is presently known about what causes 
them, in large part due to the fact that any effects are 
normally hidden deep underground.

The current study, published in Nature Communications 
and funded by the Natural Environment Research Council, 
sought to understand how such deep earthquakes may be 
generated.

They showed that earthquake ruptures may be encouraged 
by the interaction of different shear zones that are creeping 
slowly and aseismically. This interaction loads the 
adjacent blocks of stiff rocks in the deep crust, until they 
cannot sustain the rising stress anymore, and snap -- 
generating earthquakes.

Emphasising observations of quite complex networks 
created by earthquake-generated faults, they suggest that 
this context is characterised by repeating cycles of 
deformation, with long-term slow creep on the shear zones 
punctuated by episodic earthquakes.

Although only a transient component of such deformation 
cycles, the earthquakes release a significant proportion of 
the accumulated stress across the region.

The research was led by the University of Plymouth (UK) 
and University of Oslo (Norway), with scientists 
conducting geological observations of seismic structures 
in exhumed lower crustal rocks on the Lofoten Islands.

The region is home to one of the few well-exposed large 
sections of exhumed continental lower crust in the world, 
exposed during the opening of the North Atlantic Ocean.
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Scientists spent several months in the region, conducting 
a detailed analysis of the exposed rock and in particular 
pristine pseudotachylytes (solidified melt produced during 
seismic slip regarded as 'fossil earthquakes') which 
decorate fault sets linking adjacent or intersecting shear 
zones.

They also collected samples from the region which were 
then analyzed using cutting edge technology in the 
University's Plymouth Electron Microscopy Centre.

Lead author Dr Lucy Campbell, Post-Doctoral Research 
Fellow at the University of Plymouth, said: "The Lofoten 
Islands provide an almost unique location in which to 
examine the impact of earthquakes in the lower crust. But 
by looking at sections of exposed rock less than 15 metres 
wide, we were able to see examples of slow-forming rock 
deformation working to trigger earthquakes generated up 
to 30km beneath the surface. The model we have now 
developed provides a novel explanation of the causes and 
effects of such earthquakes that could be applied at many 
locations where they occur."

Project lead Dr Luca Menegon, Associate Professor at the 
University of Plymouth and the University of Oslo, added: 
"Deep earthquakes can be as destructive as those 
nucleating closer to the Earth's surface. They often occur 
in highly populated areas in the interior of the continents, 
like in Central Asia for example. But while a lot is known 
about what causes seismic activity in the upper crust, we 
know far less about those which occur lower. This study 
gives us a fascinating insight into what is happening deep 
below the Earth's surface, and our challenge is now to take 
this research forward and see if we can use it to make at-
risk communities more aware of the dangers posed by 
such activity."

As part of the study, scientists also worked with 
University of Plymouth filmmaker Heidi Morstang to 
produce a 60-minute documentary film about their work. 
Pseudotachylyte premiered at the 2019 Bergen 
International Film Festival, and will be distributed 
internationally once it has screened at various other 
festivals globally.

Journal Reference: L. R. Campbell, L. Menegon, Å. 
Fagereng, G. Pennacchioni. Earthquake nucleation in the 
lower crust by local stress amplification. Nature 
Communications, 2020; 11 (1) DOI: 10.1038/s41467-020-
15150-x. 

Intensity of past methane release 
measured with new, groundbreaking 

methods
ScienceDaily, March 30, 2020

Source: CAGE - Center for Arctic Gas Hydrate, Climate 
and Environment

Past records of methane release are crucial for 
understanding future climate changes. Methane is a potent 
greenhouse gas, that has had significant impact on climate 
changes in the geological past.

"Previously, when dating the natural release of methane, 
we used to measure mostly carbon isotopes. But now we 
know that carbon isotopes alone can't tell us the full story 
of past emissions of this greenhouse gas." says professor 
Giuliana Panieri, from CAGE Centre for Arctic Gas 
Hydrate, Environment and Climate at UiT The Arctic 
University of Norway.

Professor Panieri is a micropaleontologist and co-author 
of a new study in Scientific Reports showing a new 
approach to geochemical measurements.

Geological detective work

Measuring carbon isotopes is a very important method 
within climate sciences. Carbon, found in all living things, 
is absorbed over time in a particular fashion by organisms 
in nature. For instance, carbon found in methane (CH4) in 
the ocean, is absorbed in the shells of tiny organisms 
called foraminifera, leaving isotopic clues.

Foraminifera, found in all of the world's oceans, are 
excellent carriers of information. They inhabit methane 
seeps and their shells are preserved as fossils in ocean 
sediments.

Through some geochemical detective work, and a mass 
spectrometer, scientists can interpret the amounts of the 
carbon isotope δ13C in the shells and reconstruct past 
methane emissions. If δ13C values in the fossilized shells 
are depleted the methane was present in the environment 
when the shell was deposited.

Carbon isotope measurements are the most frequently 
used method, but new technologies make new 
geochemical components possible to measure, giving 
climate scientists new tools.

How intense was the release?

The study in Scientific Reports highlights the potential of 
sulfur isotopic signature (δ34S) in foraminifera, as a novel 
tool for reconstructing the intensity of CH4 emissions in 
geological records. This can also, indirectly, help date the 
release.
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"This is the first time that sulfur isotopes are measured in 
foraminiferal shells from methane seeps. The samples 
were collected from a well-known site of present-day 
methane release, Vestnesa Ridge. Here, gas has been 
seeping into the ocean at least from the Last Glacial 
Maximum: some 20,000 to 5,000 years ago." says Panieri.

"How did methane in the sub-seabed respond to previous 
global warmings? Was it merely bubbling up, or was it 
released in a constant and abrupt jet, strongly emitted into 
the water column?"

These questions are important in the provinces of large gas 
hydrate accumulations, such as Vestnesa Ridge.

Gas hydrate is an icy form of methane, trapped in a cage 
of frozen water and kept contained in the ocean sediments 
in low temperatures and under high pressure. However, 
hydrates are susceptible to melting if these conditions are 
not met -- for example, if the ocean temperature changes 
due to the warming of the waters. The stability of gas 
hydrates is under intense investigation because of the 
possible effects of climate change on gas hydrate 
dissociation.

"The combination of carbon, oxygen, and sulfur isotopes 
found in foraminifera allows us to reconstruct the flux of 
methane released in the geological past. This represents a 
fundamental advancement in studies of past climate. It 
offers the opportunity to study the connection between 
methane seepage, climate, and underlying tectonic 
processes with a new degree of confidence." Says Chiara 
Borrelli, first author of the study and researcher at 
Department of Earth and Environmental Sciences, 
University of Rochester, USA.

"Our study shows that there was a strong methane 
fluctuation at the sampling site, responding to known 
periods of abrupt cooling and warming, at the end of the 
last glacial cycle."

What was the source of methane?

Carbon isotopes can tell scientists whether methane was 
present in the water column at a certain time. But they 
cannot tell them if the methane was released from melting 
hydrates. However, the traces of oxygen isotopic signature 
δ18O in benthic foraminifera can, as shown in a newly 
published study by Dessandier et al. in Geo-Marine letters.

"If we have a large amount of δ18O in the foraminiferal 
shells, we can say that the source of methane is the gas 
hydrate dissociation," says Panieri, who also co-authored 
this paper.

"We found a significant enrichment of δ18Oin all 
foraminifera samples characterized by depleted δ13C. 
These results mainly come from the precipitation of 
authigenic carbonates around the foraminiferal shells, so-
called secondary overgrowth. These methane-derived 
carbonates are characterized by a heavy oxygen isotopic 
signature. This signature can only be explained by 
dissociation of gas hydrates because gas hydrates are 
naturally enriched in 18O due to their ice-like physical 
properties." according to Pierre-Antoine Dessandier, a 
postdoc at CAGE and first author of the study.

Dessandier points out that both δ13C and δ18O clues have 
to be followed, to decipher the dynamic and the source of 
the methane release from the Arctic Ocean floor.

Groundbreaking methods from the natural Arctic 
laboratory

Vestnesa Ridge is a very well-investigated site of methane 
release, a laboratory for modern-day release of methane 
from gas hydrates, but also for micropaleontology. It is 
one of the major sites of research for CAGE.

The exhaustive research on the site has resulted in many 
scientific breakthroughs in micropaleontology.

"Consider secondary overgrowth on foraminiferal shells: 
It is a minuscule carbonate deposit. Before CAGE it was 
considered to be a contaminant in the samples. But new 
technology opens new doors. We have discovered that the 
presence of the secondary overgrowth in itself is an 
indicator of methane release. Something that previously 
was considered an interference, and caused samples to be 
thrown out with the trash, is, in reality, an unknown book, 
containing enormous amounts of information in itself." 
says Panieri.

The new geochemical measurement methods are now 
added to the toolbox for future micropaleontological 
research. "The new isotopic measurements give us a 
possibility to investigate questions regarding climate 
change that we today don't even know that we need to ask. 
The methods can be applied on both secondary 
overgrowth and shells themselves, and will be enormously 
important in future research."

Journal Reference: C. Borrelli, R. I. Gabitov, M.-C. Liu, 
A. T. Hertwig, G. Panieri. The benthic foraminiferal δ34S 
records flux and timing of paleo methane emissions. 
Scientific Reports, 2020; 10 (1) DOI: 10.1038/s41598-
020-58353-4.
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