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ONLINE MEETING ANNOUNCEMENT

DATE:  Wednesday, November 18, 2020 
LOCATION:  Online using Zoom (see registration info on Page 2)
TIME:  7 pm to 8:30 pm  

SPEAKER:     Lori Dengler, Professor Emerita, 
Humboldt State University

TOPIC:          “The Extraordinary Voyage of 
Kamome: How a tsunami, a boat, 
Facebook and high school students 
built an unlikely pan-Pacific 
connection”

The March 2011 Japan tsunami swept an estimated 5 million tons of 
debris into the ocean, 1.5 million tons of which were swept far offshore 
and into the great Pacific-wide current circulation pattern.  One of those 
items of debris was a small boat that beached in Crescent City on the 
Northern California coast.  The boat was traced to a school in Japan, 
and through the efforts of high school students, was returned to Japan 
six months later.  The return of the boat became a symbol of resilience 
and began a series of student exchanges between California and 
Japanese high school students, leading to a sister school relationship 
between Del Norte and Takata High Schools.  This presentation traces 
the story of Kamome, how Dr. Dengler first became acquainted with 
the town of Rikuzentakata during a 2011 post-tsunami field 
investigation, and how those connections led to a children’s book, a 
formal Sister City agreement between Rikuzentakata and Crescent 
City, a curriculum and became the featured documentary in NBC’s 
coverage of the Japan Olympic Games.
Biography:
Dr. Lori Dengler, Emeritus Professor of Geology at Humboldt State 
University, is an expert in earthquake and tsunami hazards and hazard 
mitigation.  She received her Bachelor’s, Master’s and Ph.D degrees in 
Geophysics from the University of California at Berkeley and taught in 
the HSU Geology Department from 1978 to 2015.  She was a member 
of the team that developed the U.S. National Tsunami Hazards Program 
and has participated in six International Post Tsunami Survey Teams 
and was co-author of the UNESCO’s Post Tsunami Survey field guide.  
She was recognized as HSU Scholar of the Year in 2008, received 
California’s Alquist medal for earthquake mitigation efforts in 2009

 (continued on last page)
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NCGS 2020 – 2021 Calendar 

January 27, 2021          7:00 pm
Dr. Christie Rowe, McGill University

Understanding Earthquake Cycles from Exhumed 
Faults and Shear Zones

February 24, 2021          7:00 pm
Dr. Tiziana Vanorio, Stanford University

Cementing Roman Concrete to a Caldera

NCGS Zoom Meeting Instructions – 
ADVANCE REGISTRATION 

REQUIRED
Until the Contra Costa County Health Department 
clears us to meet in person, we will be holding our 
monthly meetings via ZOOM.  Jim O’Brient, our 
Program Manager, will host these meetings AND 
EVERONE MUST REGISTER EACH MONTH to 
attend since meeting slots are limited to 100.
Members only can reserve a slot.  Register by sending 
an email note to j.obrient@comcast.net who will 
reserve these on a first-come, first served basis starting 
each month when the newsletter is published.  Please 
send this note from the email address that you want used 
for the meeting link.  Once registered, you will receive 
an invitation for the actual Zoom meeting from Jim that 
includes the link to join the meeting.
Registration will close three days before the event – 
since our meetings are on Wednesday evening from 
7:00 – 8:30 PM, this will be Sunday evening at 7 PM.  
Zoom invitations will be emailed on Monday by 7 
PM.  For newcomers to Zoom, Jim can host 30-minute 
practice sessions on Tuesday at 2 PM (day before the 
meeting) or Wednesday at 2PM (day of meeting).  Ask 
to register for those sessions in the same email you send 
to register for the meeting.
The invitations will come via a calendar invite that you 
simply accept (YES) in order to place this on your 
calendar.  Jim’s default calendar is Google. He will also 
copy the link to you in email, but if that is used a 
password may be required as well (that will be included 
in the invitation).  DO NOT FORWARD THIS LINK 
TO ANYONE ELSE.
The meeting will use a “waiting room” for security 
purposes.  The host will open the meeting about 6:30 
PM to provide some social time on screen before the 
meeting.  You will be admitted by host after matching 

names to the registration list- please be patient.  To save 
the host work, please try to join the meeting no later 
than 6:50 PM as it will take longer to gain admittance 
after the meeting starts.  You will need to turn on your 
own video and audio once you have entered the 
meeting.  Once the meeting starts, the host will mute 
everyone and ask that your video be turned off to 
minimize bandwidth constraints for a big group except 
when requested by the host for specific meeting roles.  
The chat feature will be available throughout the session 
and video and audio will be available to all participants 
once we get to Q&A.

View the October Presentation
We held a successful meeting in October via Zoom, and 
we hope that all who wanted to see it were able to, 
without significant interruption or other issues.  If you 
missed it or would just like to see it again, please use 
the following link and password:
https://us02web.zoom.us/rec/share/oXD5a8A1fI4ooyL
xVVHcHdg3vq9t_ASEjEhAllGdBptG_6eCABkkp7G
uxrtFAS0w.6rFfpw1k4fmDkrTB  
Passcode: 2peVtHp= (Note: We suggest that you type 
in the password, rather than cutting and pasting it in.) 
Also note that this link will be available for only ~45 
days, due to cloud storage limitations on our account.

RICHARD CHAMBERS MEMORIAL 
SCHOLARSHIPS

The Northern California Geological Society is pleased 
to announce the availability of its Richard Chambers 
Memorial Scholarships to help support graduate level 
student research in geology and related fields.  The 
NCGS anticipates awarding at least two scholarships 
this year.
$ 1,500 Scholarships for students working towards their 
graduate degree.
These scholarships will be awarded competitively, 
based upon our review of submitted summaries of 
proposed research.  Funds are intended to support field 
and laboratory components of research programs.  The 
research should be scheduled for completion during the 
2020-2021 calendar years.  Winners’ may/will be 
invited to speak or otherwise present their research at a 
regular NCGS evening meeting in Orinda, California.
Funding priority for these scholarships will be directed 
to research focused on topics in general geology, 
geologic mapping, structural geology, economic 
geology, engineering geology, environmental geology, 

mailto:j.obrient@comcast.net
https://us02web.zoom.us/rec/share/oXD5a8A1fI4ooyLxVVHcHdg3vq9t_ASEjEhAllGdBptG_6eCABkkp7GuxrtFAS0w.6rFfpw1k4fmDkrTB
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https://us02web.zoom.us/rec/share/oXD5a8A1fI4ooyLxVVHcHdg3vq9t_ASEjEhAllGdBptG_6eCABkkp7GuxrtFAS0w.6rFfpw1k4fmDkrTB
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geophysics, stratigraphy, paleontology and/or 
paleoecology all implemented in northern California or 
the states immediately adjacent to northern California.

Application deadline is Nov. 30, 2020.

The application procedure is available on the NCGS 
website:     www.ncgeolsoc.org
Scholarship Awards will be made on or about January 
31, 2021.

Please Include NCGS in Your Estate 
Plan

Over the past 14 years, the Northern California 
Geological Society has awarded 43 scholarships 
totaling $53,250 to Masters and PhD students for 
projects related to Northern California geology as a 
result of a generous bequest from Richard Chambers, a 
former NCGS member. In today's environment of low 
interest rates, this fund will be depleted in the next few 
years.
If you are one of our fortunate members who is able to 
provide sufficient funds in your estate to meet all your 
family's needs, please consider including  in your will 
or estate plan a bequest to allow NCGS to continue to 
award geology scholarships to deserving candidates. 
Bequests in excess of $50,000 will carry the bequestor's 
name on a memorial fund from which scholarships are 
distributed.
If interested, please discuss specific arrangements with 
your estate planner. The NCGS is an unincorporated 
association and a tax-exempt 501 (c) 6 organization 
(EIN 23-7163206).

THE 75th ANNIVERSARY VOLUME OF 
THE NORTHERN CALIFORNIA 

GEOLOGICAL SOCIETY:
THE REGIONAL GEOLOGICAL 
SETTING OF MOUNT DIABLO

The following table summarizes the 18 contributions to 
the Regional Geologic Setting of Mount Diablo a special 
volume scheduled to be published by the Geological 
Society of America in Summer 2021.  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 et al.

Mercury Deposits on Mt Diablo Motzer
Aggregate Mining on Mt. Zion, 
Clayton 

Goodwin

Petroleum occurrences in the Mt. 
Diablo region

Hector et al.

Geomorphic Evolution due to 
Road Construction on Mt Diablo

Fuller

Chapter 2 – Structure

Franciscan Complex Mt. Diablo Wakabayashi
Geological Framework of Mt. 
Diablo

Graymer and 
Langenheim

Interaction of Extensional, 
Contractional, and Strike-slip 
Elements at Mount Diablo 

Medwedeff

Upper plate deformation during 
blueschist exhumation: 
stratigraphic and structural 
relationships Mt. Diablo

Unruh

Tectonic Development of Mt. 
Diablo: A Retrospective

Figuers and Crane 
(deceased)

Neogene Volcanism on the east 
side of Mt. Diablo

Sullivan et al.

Chapter 3 – Stratigraphy

Mid to late Cenozoic 
Stratigraphy, NE flanks of Mt. 
Diablo

Sullivan et al.

Detrital Zircon Study of the 
Tertiary

Gooley et al.

Tephra Provenances in the 
Upper Tertiary succession

Sarna-Wojcicki et 
al.

Miocene Rocks of East Bay Hills Ross, et al.
Late Tertiary Geological History 
of Mt. Diablo region

Sarna-Wojcicki et 
al.

Biotic Events in the Paleogene 
succession

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 as we celebrate this landmark anniversary.  We 
are progressing toward completion in 2021 of the 
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release The Regional Geologic Setting of Mount 
Diablo in a special publication of Geological Society 
of America.  The manuscript is in its final stages and 
all the articles have been submitted.  The volume will 
be a colorful in-depth study of the geology of Mt. 
Diablo by the leading experts in their field.  Donations 
are being sought to cover the costs of numerous color 
photographs and figures.  A major donation has been 
provided by Save Mount Diablo together with access 
to their outstanding collection of professional 
photographs.  Add your name to the contributors to this 
75th Anniversary publication by sending a tax-exempt 
donation to the NCGS publication fund established by 
the GSA specifically to cover the cost of color printing.   
Recently, GSA has elected to upgrade the publication 
to Memoir, their highest publication rating, with a hard 
cover.

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 designate that it is being 
given to the Mt. Diablo Publications Fund. There is a 
spot in the online donation system where you can 
specify “Mt Diablo Fund.”  If sending a check, please 
write "Pubs Fund Mt. Diablo" on the memo line.
Address: GSA Foundation

PO Box 9140
Boulder, CO 80301

Online: https://gsa-foundation.org/donate/

Fall Lecture Series of Pacific Section, SEPM 
(Society for Sedimentary Geology)

Explore the latest in west-coast sedimentology in this 
semi-monthly, online lecture series hosted by the 
Pacific Section.  Lectures on interesting topics are held 
on the first and third Wednesdays of the month, at 5:00-
6:00 PM (Pacific Time).  You can join from home via 
Zoom, by going to www.pacificsectionsepm.org.
The next lecture (that doesn’t conflict with ours!) is: 
Geraldine Anon – PaleoSolutions, Inc.:  “The nuts and 
bolts of environmental consulting (paleontology and 
archaeology)” on Wednesday, December 2, 5:00 PM 
PST.
 

Information on Professional Registration 
with the State of California

Professional registrations for geologists are handled 
through the Board for Professional Engineers, Land 
Surveyors and Geologists, 2535 Capitol Oaks Drive, 

Suite 300, Sacramento, CA 95833, at (916) 263-2406, 
online at www.bpelsg.ca.gov.  Please visit the Board’s 
webpage and select the Online Services tab for a 
schedule of upcoming webinars, at 
https://www.bpelsg.ca.gov/online_services/index.shtml.

If you are interested in obtaining a GIT certificate, PG 
license, PGP license or CEG/CHG specialty title 
authority, you may want to attend a free online 
workshop to learn about the licensing process and 
application requirements. These workshops are not 
mandatory, and are provided as a service to help you 
understand the requirements.  The workshops will be 
offered several times per year depending on demand.
• Frequently Asked Questions: How to apply for 
a GIT, PG, PGp, CHG or CEG license or certificate, 
August 26, 2020 and October 7, 2020 at 10am, (30 to 
45 minutes)
• For References: Completing the Independent 
Evaluation form for PG, PGp, CHG or CEG 
applications, August 26, 2020 and October 7, 2020 at 
11am, (30 to 45 minutes)
• After the Exams: Next steps in the process for 
GIT, PG, PGp, CHG or CEG applications, November 
18, 2020 and December 30, 2020 at 10am, (15 to 30 
minutes)
• Introduction to the laws and regulations for 
geology and geophysics license applicants and new 
licensees, November 18, 2020 and December 30, 2020 
at 11am, (45 to 60 minutes)

UC Berkeley Earth & Planetary Science 
Weekly Seminar Series

UC Berkeley’s seminar series has been re-inaugurated 
for Thursdays (usually) at 3:45 pm for most of the 
academic year, but the location has changed – now on 
Zoom! On November 19, Joanne Emerson of UC Davis 
will speak on Not all viruses are bad: towards an 
understanding of viral feedbacks to biogeochemical 
cycling in soil.  Join the meeting with the link provided 
to members of the departmental email list. To join their 
email list, see: eps_frontoffice@berkeley.edu. For the 
listing of upcoming seminars, go to 
http://eps.berkeley.edu/events/seminars. 

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, the only current information is that 

https://gsa-foundation.org/donate/
http://www.pacificsectionsepm.org/
http://www.bpelsg.ca.gov/
http://eps.berkeley.edu/events/seminars
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there will be no evening public lectures through 2020.  
Check back later for information on newly schedules 
lectures for 2021, plus a map of the location, at: 
https://online.wr.usgs.gov/calendar/.

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 Greg Bartow, our recording secretary.  

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.

NCGS Board Meetings
Board meetings (online for now) are open to all NCGS 
members.  Please contact Tom MacKinnon if you’d like 
to attend, at tom.mackinnon@comcast.net. (Board 
meetings are generally held on Saturday mornings in 
January, April/May, and August/September.) 

Have You Renewed 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 to our new 
treasurer, Don Medwedeff.

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! 

Driver of the largest mass extinction in 
the history of the Earth identified

New study provides comprehensive reconstruction 
of the Permian-Triassic boundary event 

ScienceDaily, October 21, 2020
Source: Helmholtz Centre for Ocean Research Kiel 

(GEOMAR)

Life on Earth has a long, but also an extremely turbulent 
history. On more than one occasion, the majority of all 
species became extinct and an already highly developed 
biodiversity shrank to a minimum again, changing the 
course of evolution each time. The most extensive mass 
extinction took place about 252 million years ago. It 
marked the end of the Permian Epoch and the beginning 
of the Triassic Epoch. About three quarters of all land life 
and about 95 percent of life in the ocean disappeared 
within a few thousands of years only.

Gigantic volcanic activities in today's Siberia and the 
release of large amounts of methane from the sea floor 
have been long debated as potential triggers of the 
Permian-Triassic extinction. But the exact cause and the 
sequence of events that led to the mass extinction 
remained highly controversial. Now, scientists from 
Germany, Italy and Canada, in the framework of the EU-
funded project BASE-LiNE Earth led by Prof. Dr. Anton 
Eisenhauer from GEOMAR Helmholtz Centre for Ocean 
Research Kiel in cooperation with the Helmholtz Centre 
Potsdam GFZ German Research Centre for Geosciences, 
have for the first time been able to conclusively 

https://online.wr.usgs.gov/calendar/
https://www.agu.org/learn-and-develop/learn/streetcar2subduction/streetcar2subduction
https://www.agu.org/learn-and-develop/learn/streetcar2subduction/streetcar2subduction
http://ncgeolsoc.org/
mailto:tom.mackinnon@comcast.net
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reconstruct the entire cascade of events at that time using 
cutting-edge analytical techniques and innovative 
geochemical modelling. The study has been published in 
the international journal Nature Geoscience.

For their study, the BASE-LiNE Earth team used a 
previously often neglected environmental archive: the 
shells of fossil brachiopods. "These are clam-like 
organisms that have existed on Earth for more than 500 
million years. We were able to use well-preserved 
brachiopod fossils from the Southern Alps for our 
analyses. These shells were deposited at the bottom of the 
shallow shelf seas of the Tethys Ocean 252 million years 
ago and recorded the environmental conditions shortly 
before and at the beginning of extinction," explains Dr. 
Hana Jurikova. She is first author of the study, which she 
conducted as part of the BASE-LiNE Earth project and her 
doctoral thesis at GEOMAR.

By measuring different isotopes of the element boron in 
the fossil shells, the team was able to trace the 
development of the pH values in the ocean 252 million 
years ago. Since seawater pH is tightly coupled to the CO2 
concentration in the atmosphere, the reconstruction of the 
latter was also possible. For the analyses, the team used 
high-precision isotope analyses at GEOMAR as well as 
high-resolution microanalyses on the state-of-the-art 
large-geometry secondary ion mass spectrometer (SIMS) 
at GFZ.

"With this technique, we can not only reconstruct the 
evolution of the atmospheric CO2 concentrations, but also 
clearly trace it back to volcanic activity. The dissolution 
of methane hydrates, which had been suggested as a 
potential further cause, is highly unlikely based on our 
data," explains Dr. Marcus Gutjahr from GEOMAR, co-
author of the study.

As a next step, the team fed their data from the boron and 
additional carbon isotope-based investigations into a 
computer-based geochemical model that simulated the 
Earth's processes at that time. Results showed that 
warming and ocean acidification associated with the 
immense volcanic CO2 injection to the atmosphere was 
already fatal and led to the extinction of marine calcifying 
organisms right at the onset of the extinction. However, 
the CO2 release also brought further consequences; with 
increased global temperatures caused by the greenhouse 
effect, chemical weathering on land also increased.

Over thousands of years, increasing amounts of nutrients 
reached the oceans via rivers and coasts, which then 
became over-fertilized. The result was a large-scale 
oxygen depletion and the alteration of entire elemental 
cycles. "This domino-like collapse of the inter-connected 
life-sustaining cycles and processes ultimately led to the 
observed catastrophic extent of mass extinction at the 
Permian-Triassic boundary," summarizes Dr. Jurikova.

The study was conducted within the framework of the EU-
funded ITN project BASE-LiNE Earth, in which the use 
of brachiopods as an environmental archive was 
systematically studied for the first time, and relevant 
analytical methods were improved and newly developed. 
"Without these new techniques it would be difficult to 
reconstruct environmental processes more than 250 
million years ago in the same level of detail as we have 
done now," emphasizes Prof. Dr. Anton Eisenhauer from 
GEOMAR, the former BASE-LiNE Earth project 
coordinator and co-author of the new study, "in addition, 
the new methods can be applied for other scientific 
applications."

Journal Reference:  Hana Jurikova, Marcus Gutjahr, 
Klaus Wallmann, Sascha Flögel, Volker Liebetrau, 
Renato Posenato, Lucia Angiolini, Claudio Garbelli, Uwe 
Brand, Michael Wiedenbeck, Anton Eisenhauer. 
Permian–Triassic mass extinction pulses driven by major 
marine carbon cycle perturbations. Nature Geoscience, 
2020; DOI: 10.1038/s41561-020-00646-4. 
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World's greatest mass extinction 
triggered switch to warm-bloodedness

ScienceDaily, October 30, 2020
Source: University of Bristol

Mammals and birds today are warm-blooded, and this is 
often taken as the reason for their great success.

University of Bristol palaeontologist Professor Mike 
Benton, identifies in the journal Gondwana Research that 
the ancestors of both mammals and birds became warm-
blooded at the same time, some 250 million years ago, in 
the time when life was recovering from the greatest mass 
extinction of all time.

The Permian-Triassic mass extinction killed as much as 
95 per cent of life, and the very few survivors faced a 
turbulent world, repeatedly hit by global warming and 
ocean acidification crises. Two main groups of tetrapods 
survived, the synapsids and archosaurs, including 
ancestors of mammals and birds respectively.

Palaeontologists had identified indications of warm-
bloodedness, or technically endothermy, in these Triassic 
survivors, including evidence for a diaphragm and 
possible whiskers in the synapsids.

More recently, similar evidence for early origin of feathers 
in dinosaur and bird ancestors has come to light. In both 
synapsids and archosaurs of the Triassic, the bone 
structure shows characteristics of warm-bloodedness. The 
evidence that mammal ancestors had hair from the 
beginning of the Triassic has been suspected for a long 
time, but the suggestion that archosaurs had feathers from 
250 million years ago is new.

But a strong hint for this sudden origin of warm-
bloodedness in both synapsids and archosaurs at exactly 
the time of the Permian-Triassic mass extinction was 
found in 2009. Tai Kubo, then a student studying the 
Masters in Palaeobiology degree at Bristol and Professor 
Benton identified that all medium-sized and large 
tetrapods switched from sprawling to erect posture right at 
the Permian-Triassic boundary.

Their study was based on fossilised footprints. They 
looked at a sample of hundreds of fossil trackways, and 
Kubo and Benton were surprised to see the posture shift 
happened instantly, not strung out over tens of millions of 
years, as had been suggested. It also happened in all 
groups, not just the mammal ancestors or bird ancestors.

Professor Benton said: "Modern amphibians and reptiles 
are sprawlers, holding their limbs partly sideways. Birds 
and mammals have erect postures, with the limbs 
immediately below their bodies. This allows them to run 
faster, and especially further. There are great advantages 
in erect posture and warm-bloodedness, but the cost is that 

endotherms have to eat much more than cold-blooded 
animals just to fuel their inner temperature control."

The evidence from posture change and from early origin 
of hair and feathers, all happening at the same time, 
suggested this was the beginning of a kind of 'arms race'. 
In ecology, arms races occur when predators and prey 
have to compete with each other, and where there may be 
an escalation of adaptations. The lion evolves to run faster, 
but the wildebeest also evolves to run faster or twist and 
turn to escape.

Something like this happened in the Triassic, from 250 to 
200 million years ago. Today, warm-blooded animals can 
live all over the Earth, even in cold areas, and they remain 
active at night. They also show intensive parental care, 
feeding their babies and teaching them complex and smart 
behaviour. These adaptations gave birds and mammals the 
edge over amphibians and reptiles and in the present cool 
world allowed them to dominate in more parts of the 
world.

Professor Benton added: "The Triassic was a remarkable 
time in the history of life on Earth. You see birds and 
mammals everywhere on land today, whereas amphibians 
and reptiles are often quite hidden.

"This revolution in ecosystems was triggered by the 
independent origins of endothermy in birds and mammals, 
but until recently we didn't realise that these two events 
might have been coordinated.

"That happened because only a tiny number of species 
survived the Permian-Triassic mass extinction -- who 
survived depended on intense competition in a tough 
world. Because a few of the survivors were already 
endothermic in a primitive way, all the others had to 
become endothermic to survive in the new fast-paced 
worlsd."

Journal Reference: Michael J. Benton. The origin of 
endothermy in synapsids and archosaurs and arms 
races in the Triassic. Gondwana Research, 2020; DOI: 
10.1016/j.gr.2020.08.003.

ALMA shows volcanic impact on Io's 
atmosphere

ScienceDaily, October 21, 2020
Source: National Radio Astronomy Observatory
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Illustration of moon Io, with Jupiter in background (stock 
image). Credit: © Luca Oleastri / stock.adobe.com

New radio images from the Atacama Large 
Millimeter/submillimeter Array (ALMA) show for the 
first time the direct effect of volcanic activity on the 
atmosphere of Jupiter's moon Io.

Io is the most volcanically active moon in our solar 
system. It hosts more than 400 active volcanoes, spewing 
out sulfur gases that give Io its yellow-white-orange-red 
colors when they freeze out on its surface.

Although it is extremely thin -- about a billion times 
thinner than Earth's atmosphere -- Io has an atmosphere 
that can teach us about Io's volcanic activity and provide 
us a window into the exotic moon's interior and what is 
happening below its colorful crust.

Previous research has shown that Io's atmosphere is 
dominated by sulfur dioxide gas, ultimately sourced from 
volcanic activity. "However, it is not known which 
process drives the dynamics in Io's atmosphere," said 
Imke de Pater of the University of California, Berkeley. 
"Is it volcanic activity, or gas that has sublimated 
(transitioned from solid to gaseous state) from the icy 
surface when Io is in sunlight?"

To distinguish between the different processes that give 
rise to Io's atmosphere, a team of astronomers used ALMA 
to make snapshots of the moon when it passed in and out 
of Jupiter's shadow (they call this an "eclipse").

"When Io passes into Jupiter's shadow, and is out of direct 
sunlight, it is too cold for sulfur dioxide gas, and it 
condenses onto Io's surface. During that time we can only 
see volcanically-sourced sulfur dioxide. We can therefore 
see exactly how much of the atmosphere is impacted by 
volcanic activity," explained Statia Luszcz-Cook from 
Columbia University, New York.

Thanks to ALMA's exquisite resolution and sensitivity, 
the astronomers could, for the first time, clearly see the 
plumes of sulfur dioxide (SO2) and sulfur monoxide (SO) 

rise up from the volcanoes. Based on the snapshots, they 
calculated that active volcanoes directly produce 30-50 
percent of Io's atmosphere.

The ALMA images also showed a third gas coming out of 
volcanoes: potassium chloride (KCl). "We see KCl in 
volcanic regions where we do not see SO2 or SO," said 
Luszcz-Cook. "This is strong evidence that the magma 
reservoirs are different under different volcanoes."

Io is volcanically active due to a process called tidal 
heating. Io orbits Jupiter in an orbit that is not quite 
circular and, like our Moon always faces the same side of 
Earth, so does the same side of Io always face Jupiter. The 
gravitational pull of Jupiter's other moons Europa and 
Ganymede causes tremendous amounts of internal friction 
and heat, giving rise to volcanoes such as Loki Patera, 
which spans more than 200 kilometers (124 miles) across. 
"By studying Io's atmosphere and volcanic activity we 
learn more about not only the volcanoes themselves, but 
also the tidal heating process and Io's interior," added 
Luszcz-Cook.

A big unknown remains the temperature in Io's lower 
atmosphere. In future research, the astronomers hope to 
measure this with ALMA. "To measure the temperature of 
Io's atmosphere, we need to obtain a higher resolution in 
our observations, which requires that we observe the moon 
for a longer period of time. We can only do this when Io 
is in sunlight since it does not spend much time in eclipse," 
said de Pater. "During such an observation, Io will rotate 
by tens of degrees. We will need to apply software that 
helps us make un-smeared images. We have done this 
previously with radio images of Jupiter made with ALMA 
and the Very Large Array (VLA)."

The National Radio Astronomy Observatory is a facility 
of the National Science Foundation, operated under 
cooperative agreement by Associated Universities, Inc.

Imke de Pater and Statia Luszcz-Cook worked with 
Patricio Rojo of the Universidad de Chile, Erin Redwing 
of the University of California, Berkeley, Katherine de 
Kleer of the California Institute of Technology (Caltech), 
and Arielle Moullet of SOFIA/USRA in California.

This research titled "ALMA Observations of Io Going into 
and Coming out of Eclipse" has been accepted for 
publication in The Planetary Science Journal.

Journal Reference:  Imke de Pater, Statia Luszcz-Cook, 
Patricio Rojo, Erin Redwing, Katherine de Kleer, Arielle 
Moullet. ALMA Observations of Io Going into and 
Coming out of Eclipse. Planetary Science Journal, 2020 
(in press); [abstract].

Ancient lake contributed to past San 
Andreas fault ruptures



9

from Phys.org/news, October 26, 2020
Source: Geological Society of America

San Andreas fault area. Credit: Rebecca Dzombak

The San Andreas fault, which runs along the western coast 
of North America and crosses dense population centers 
like Los Angeles, California, is one of the most-studied 
faults in North America because of its significant hazard 
risk. Based on its roughly 150-year recurrence interval for 
magnitude 7.5 earthquakes and the fact that it's been over 
300 years since that's happened, the southern San Andreas 
fault has long been called "overdue" for such an 
earthquake. For decades, geologists have been wondering 
why it has been so long since a major rupture has occurred. 
Now, some geophysicists think the "earthquake drought" 
could be partially explained by lakes—or a lack thereof.

At the Geological Society of America's 2020 Annual 
Meeting, Ph.D. student Ryley Hill presented new work 
using geophysical modeling to quantify how the presence 
of a large lake overlying the fault could have affected 
rupture timing on the southern San Andreas in the past. 
Hundreds of years ago, a giant lake—Lake Cahuilla—in 
southern California and northern Mexico covered swathes 
of the Mexicali, Imperial, and Coachella Valleys, through 
which the southern San Andreas cuts. The lake served as 
a key point for multiple Native American populations in 
the area, as evidenced by archaeological remains of fish 
traps and campsites. It has been slowly drying out since its 
most recent high water mark (between 1000 and 1500 
CE). If the lake over the San Andreas has dried up and the 
weight of its water was removed, could that help explain 
why the San Andreas fault is in an earthquake drought?

Some researchers have already found a correlation 
between high water levels on Lake Cahuilla and fault 
ruptures by studying a 1,000-year record of earthquakes, 
written in disrupted layers of soils that are exposed in 
deeply dug trenches in the Coachella Valley. Hill's 
research builds on an existing body of modeling but 
expands to incorporate this unique 1,000-year record and 
focuses on improving one key factor: the complexity of 
water pressures in rocks under the lake.

Hill is exploring the effects of a lake on a fault's rupture 
timing, known as lake loading. Lake loading on a fault is 
the cumulative effect of two forces: the weight of the 
lake's water and the way in which that water creeps, or 
diffuses, into the ground under the lake. The weight of the 
lake's water pressing down on the ground increases the 
stress put on the rocks underneath it, weakening them—
including any faults that are present. The deeper the lake, 
the more stress those rocks are under, and the more likely 
the fault is to slip.

What's more complicated is how the pressure of water in 
empty spaces in soils and bedrock (porewater) changes 
over both time and space. "It's not that [water] lubricates 
the fault," Hill explains. It's more about one force 
balancing another, making it easier or harder for the fault 
to give way. "Imagine your hands stuck together, pressing 
in. If you try to slip them side by side, they don't want to 
slip very easily. But if you imagine water between them, 
there's a pressure that pushes [your hands] out—that's 
basically reducing the stress [on your hands], and they slip 
really easily." Together, these two forces create an overall 
amount of stress on the fault. Once that stress builds up to 
a critical threshold, the fault ruptures, and Los Angeles 
experiences "the Big One."

Where previous modeling work focused on a fully drained 
state, with all of the lake water having diffused straight 
down (and at a single time), Hill's model is more complex, 
incorporating different levels of porewater pressure in the 
sediments and rocks underneath the lake and allowing 
pore pressures to be directly affected by the stresses from 
the water mass. That, in turn, affects the overall fault 
behavior.

While the work is ongoing, Hill says they've found two 
key responses. When lake water is at its highest, it 
increases the stresses enough to push the timeline for the 
fault reaching that critical stress point just over 25% 
sooner. "The lake could modulate this [fault slip] rate just 
a little bit," Hill says. "That's what we think maybe tipped 
the scales to cause the [fault] failure."

The overall effect of Lake Cahuilla drying up makes it 
harder for a fault to rupture in his model, pointing to its 
potential relevance for the recent quiet on the fault. But, 
Hill stresses, this influence pales in comparison to 
continent-scale tectonic forces. "As pore pressures 



10

decrease, technically, the bedrock gets stronger," he says. 
"But how strong it's getting is all relevant to tectonically 
driven slip rates. They're much, much stronger.

Conference Reference:  Paper 148-9: Can the lack of 
lake loading explain the earthquake drought on the 
southern San Andreas Fault?        Abstract Link: 
gsa.confex.com/gsa/2020AM/meet … 
app.cgi/Paper/355082. 

To survive asteroid impact, algae 
learned to hunt

ScienceDaily: October 30, 2020
Source: University of California - Riverside

Tiny, seemingly harmless ocean plants survived the 
darkness of the asteroid strike that killed the dinosaurs 
by learning a ghoulish behavior -- eating other living 
creatures.
Vast amounts of debris, soot, and aerosols shot into the 
atmosphere when an asteroid slammed into Earth 66 
million years ago, plunging the planet into darkness, 
cooling the climate, and acidifying the oceans. Along 
with the dinosaurs on the land and giant reptiles in the 
ocean, the dominant species of marine algae were 
instantly wiped out -- except for one rare type.
A team of scientists, including researchers at UC 
Riverside, wanted to understand how these algae 
managed to thrive while the mass extinction rippled 
throughout the rest of the global food chain.
"This event came closest to wiping out all multicellular 
life on this planet, at least in the ocean," said UCR 
geologist and study co-author Andrew Ridgwell. "If 
you remove algae, which form the base of the food 
chain, everything else should die. We wanted to know 
how Earth's oceans avoided that fate, and how our 
modern marine ecosystem re-evolved after such a 
catastrophe."
To answer their questions, the team examined well-
preserved fossils of the surviving algae and created 
detailed computer models to simulate the likely 
evolution of the algae's feeding habits over time. Their 
findings are now published in the journal Science 
Advances.
According to Ridgwell, scientists were a bit lucky to 
find the nano-sized fossils in the first place. They were 
located in fast accumulating and high-clay-content 
sediments, which helped preserved them in the same 
way the La Brea tar pits provide a special environment 
to help preserve mammoths.

Most of the fossils had shields made of calcium 
carbonate, as well as holes in their shields. The holes 
indicate the presence of flagella -- thin, tail-like 
structures that allow tiny organisms to swim.
"The only reason you need to move is to get your prey," 
Ridgwell explained.
Modern relatives of the ancient algae also have 
chloroplasts, which enable them to use sunlight to make 
food from carbon dioxide and water. This ability to 
survive both by feeding on other organisms and through 
photosynthesis is called mixotrophy. Examples of the 
few land plants with this ability include Venus flytraps 
and sundews.
Researchers found that once the post-asteroid darkness 
cleared, these mixotrophic algae expanded from coastal 
shelf areas into the open ocean where they became a 
dominant life form for the next million years, helping to 
quickly rebuild the food chain. It also helped that larger 
creatures who would normally feed on these algae were 
initially absent in the post-extinction oceans.
"The results illustrate both the extreme adaptability of 
ocean plankton and their capacity to rapidly evolve, yet 
also, for plants with a generation time of just a single 
day, that you are always only a year of darkness away 
from extinction," Ridgwell said.
Only much later did the algae evolve, losing the ability 
to eat other creatures and re-establishing themselves to 
become one of the dominant species of algae in today's 
ocean.
"Mixotrophy was both the means of initial survival and 
then an advantage after the post-asteroid darkness lifted 
because of the abundant small pretty cells, likely 
survivor cyanobacteria," Ridgwell said. "It is the 
ultimate Halloween story -- when the lights go out, 
everyone starts eating each other."
Journal Reference:  Samantha J. Gibbs, Paul R. Bown, 
Ben A. Ward, Sarah A. Alvarez, Hojung Kim, Odysseas 
A. Archontikis, Boris Sauterey, Alex J. Poulton, Jamie 
Wilson and Andy Ridgwell. Algal plankton turn to 
hunting to survive and recover from end-Cretaceous 
impact darkness. Science Advances, 2020 DOI: 
10.1126/sciadv.abc9123.

Deep magma facilitates the movement 
of tectonic plates

ScienceDaily, October 21, 2020
Source: CNRS



11

A small amount of molten rock located under tectonic 
plates encourages them to move. This is what scientists 
from the Laboratoire de géologie de Lyon: Terre, planètes 
et environnement (CNRS/ENS de Lyon/Université 
Claude Bernard Lyon 1) have recently discovered. Their 
new model takes into account not only the velocity of 
seismic waves but also the way in which they are 
attenuated by the medium they pass through. The velocity 
of tectonic plates near the surface is thus directly 
correlated with the quantity of magma present. This 
research is published on October 21, 2020 in Nature.

The lithosphere, the outer part of the Earth, is made up of 
the crust and part of the upper mantle. It is subdivided into 
rigid plates, known as tectonic or lithospheric plates. 
These move on a more fluid layer of the mantle, the 
asthenosphere. The lower viscosity of the asthenosphere 
allows the tectonic plates to move around on the 
underlying mantle, but until today the origin of this low 
viscosity remained unknown.

Seismic tomography produces three-dimensional images 
of the Earth's interior by analysing millions of seismic 
waves recorded at seismological stations spread across the 
surface of the globe. Since the 1970s, seismologists have 
analysed these waves with a view to identifying a single 
parameter: their propagation speed. This parameter varies 
with temperature (the colder the medium, the faster the 
waves arrive), composition, and the possible presence of 
molten rocks in the medium the waves pass through. 
Seismologists from the Laboratoire de géologie de Lyon: 
Terre, planètes et environnement (CNRS/ENS de 
Lyon/Université Claude Bernard Lyon 1) instead studied 
another parameter, wave attenuation, alongside the 
variation in wave propagation speeds. This analysis, 
which provides new information on the temperature of the 
medium traversed by the waves, makes it possible to 
ascertain the quantity of molten rock in the medium the 
waves pass through.

Their new model made it possible, for the first time, to 
map the amount of molten rock under tectonic plates. This 
work reveals that a small amount of molten rock (less than 
0.7% by volume) is present in the asthenosphere under the 
oceans, not only where this was expected, i.e. under ocean 
ridges and some volcanoes such as Tahiti, Hawaii or 
Reunion, but also under all oceanic plates. The low 
percentage of molten rock observed is enough to reduce 
the viscosity by one or two orders of magnitude 
underneath the tectonic plates, thus "decoupling" them 
from the underlying mantle. Moreover, the seismologists 
from Lyon observed that the amount of molten rock is 
higher under the fastest-moving plates, such as the Pacific 
plate. This suggests that the melting of the rocks 
encourages the plates to move and the deformation at their 
bases. This research improves our understanding of plate 
tectonics and how it works.

Journal Reference: Eric Debayle, Thomas Bodin, 
Stéphanie Durand, et Yanick Ricard. Seismic evidence 
for partial melt below tectonic plates. Nature, October 
21, 2020.  DOI: 10.1038/s41586-020-2809-4.

New drone technology improves 
ability to forecast volcanic eruptions

ScienceDaily, October 30, 2020
Source: University College London

Specially-adapted drones developed by a UCL-led 
international team have been gathering data from never-
before-explored volcanoes that will enable local 
communities to better forecast future eruptions.

The cutting-edge research at Manam volcano in Papua 
New Guinea is improving scientists' understanding of how 
volcanoes contribute to the global carbon cycle, key to 
sustaining life on Earth.

The team's findings, published in Science Advances, show 
for the first time how it is possible to combine 
measurements from the air, earth and space to learn more 
about the most inaccessible, highly active volcanoes on 
the planet.

The ABOVE project involved specialists from the UK, 
USA, Canada, Italy, Sweden, Germany, Costa Rica, New 
Zealand and Papua New Guinea, spanning volcanology 
and aerospace engineering. They co-created solutions to 
the challenges of measuring gas emissions from active 
volcanoes, through using modified long-range drones.

By combining in situ aerial measurements with results 
from satellites and ground-based remote sensors, 
researchers can gather a much richer data set than 
previously possible. This enables them to monitor active 
volcanoes remotely, improving understanding of how 
much carbon dioxide (CO2) is being released by volcanoes 
globally and, importantly, where this carbon is coming 
from.

With a diameter of 10km, Manam volcano is located on 
an island 13km off the northeast coast of the mainland, at 
1,800m above sea level. Previous studies have shown it is 
among the world's biggest emitters of sulphur dioxide, but 
nothing was known of its CO2 output.

Volcanic CO2 emissions are challenging to measure due 
to high concentrations in the background atmosphere. 
Measurements need to be collected very close to active 
vents and, at hazardous volcanoes like Manam, drones are 
the only way to obtain samples safely. Yet beyond-line-
of-sight drone flights have rarely been attempted in 
volcanic environments.

Adding miniaturised gas sensors, spectrometers and 
sampling devices that are automatically triggered to open 
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and close, the team was able to fly the drone 2km high and 
6km away to reach Manam's summit, where they captured 
gas samples to be analysed within hours.

Calculating the ratio between sulphur and carbon dioxide 
levels in a volcano's emissions is critical to determining 
how likely an eruption is to take place, as it helps 
volcanologists establish the location of its magma.

Manam's last major eruptions between 2004 and 2006 
devastated large parts of the island and displaced the 
population of some 4,000 people to the mainland; their 
crops destroyed and water supplies contaminated.

Project lead Dr Emma Liu (UCL Earth Sciences) said: 
"Manam hasn't been studied in detail but we could see 
from satellite data that it was producing strong emissions. 
The resources of the in-country volcano monitoring 
institute are small and the team has an incredible 
workload, but they really helped us make the links with 
the community living on Manam island."

Following the fieldwork, the researchers raised funds to 
buy computers, solar panels and other technology to 
enable the local community -- who have since put together 
a disaster preparedness group -- to communicate via 
satellite from the island, and to provide drone operations 
training to Rabaul Volcanological Observatory staff to 
assist in their monitoring efforts.

ABOVE was part of the Deep Carbon Observatory 
(DCO), a global community of scientists on a ten-year 
quest to understand more about carbon in Earth.

Volcanic emissions are a critical stage of the Earth's 
carbon cycle -- the movement of carbon between land, 
atmosphere, and ocean -- but CO2 measurements have so 
far been limited to a relatively small number of the world's 
estimated 500 degassing volcanoes.

Understanding the factors that control volcanic carbon 
emissions in the present day will reveal how the climate 
has changed in the past and therefore how it may respond 
in the future to current human impacts.

Co-author Professor Alessandro Aiuppa (University of 
Palermo) described the findings as 'a real advance in our 
field', adding: "Ten years ago you could have only stared 
and guessed what Manam's CO2 emissions were.

"If you take into account all the carbon released by global 
volcanism, it's less than a per cent of the total emission 
budget, which is dominated by human activity. In a few 
centuries, humans are acting like thousands of volcanoes. 
If we continue to pump carbon into the atmosphere, it will 
make monitoring and forecasting eruptions using aerial 
gas observations even harder."

Co-author Professor Tobias Fischer (University of New 
Mexico), added: "In order to understand the drivers of 
climate change you need to understand the carbon cycle in 
the earth.

"We wanted to quantify the carbon emission from this 
very large carbon dioxide emitter. We had very few data 
in terms of carbon isotope composition, which would 
identify the source of the carbon and whether it is the 
mantle, crust or sediment. We wanted to know where that 
carbon comes from."

Journal Reference: E. J. Liu, A. Aiuppa, A. Alan, S. 
Arellano, M. Bitetto, N. Bobrowski, S. Carn, R. Clarke, E. 
Corrales, J. M. de Moor, J. A. Diaz, M. Edmonds, T. P. 
Fischer, J. Freer, G. M. Fricke, B. Galle, G. Gerdes, G. 
Giudice, A. Gutmann, C. Hayer, I. Itikarai, J. Jones, E. 
Mason, B. T. McCormick Kilbride, K. Mulina, S. 
Nowicki, K. Rahilly, T. Richardson, J. Rüdiger, C. I. 
Schipper, I. M. Watson, K. Wood. Aerial strategies 
advance volcanic gas measurements at inaccessible, 
strongly degassing volcanoes. Science Advances, 2020; 
6 (44): eabb9103 DOI: 10.1126/sciadv.abb9103.
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and was recognized with the Frank Press Award 
from the Seismological Society of America for 
public service in 2017.  In 2015, she published a 
children’s book about a tsunami debris boat that 
connected cities in Japan and California.  Since 
retiring from teaching, Lori continues to provide 
scientific advice to the Redwood Coast Tsunami 
Work Group, engage in earthquake and tsunami 
outreach projects with CalOES, write a weekly 
column for the Eureka Times-Standard and has 
developed a K-12 curriculum based on the tsunami 
boat (visit Kamome.humboldt.edu).
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