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MEETING ANNOUNCEMENT
DATE:

Wednesday, February 26, 2020

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

TOPIC:

Social Hour: 6:30 – 7 pm; Program: 7 pm

Donald A. Medwedeff, Ph.D.
Independent Research Geologist,
Danville, California
Donmedwedeff @ gmail.com
“Tectonic Setting and Structural Analysis
of Mt. Diablo and Vicinity”

It has long been recognized that many of the geologic features exposed
in the eastern Coast Ranges of the San Francisco Bay Area are due to a
component of Pacific-plate-boundary contraction. This study uses
regional cross sections, constrained by surface geology, petroleum
wells, and map analysis, to infer the geometry and kinematics of the
contractional and strike-slip fault systems responsible for the observed
topographic and structural geometry.
Insights from this research are:
 Uplift of the Mount Diablo anticline is generated by slip transfer
from the here-defined Subsurface Greenville fault to the Franklin
Canyon fault via Unruh et al.’s (2007) Mount Diablo blind thrust.
 Exposure of the Franciscan Complex and Coast Range Ophiolite
at Mount Diablo anticline is due to the north-dipping, southwestverging, Diablo Thrust (Dibble, 2005) that largely lies above the
anticline and links the Concord fault and the Greenville fault
system.
 The anomalous topographic height of Mt Diablo results from the
superposition of structures and the exposure of resistant basement
rocks at the surface.
 Slip from the regional wedge thrust that generates the boundary of
the Eastern Coast Ranges daylights along the Concord and
Franklin Canyon faults and their lateral equivalents.
 The Calaveras fault terminates northward by slip transfer to thrusts
to the west, thus generating the anomalous structural relief in the
East Bay Hills which culminates with exposure of the Coast Range
Ophiolite, known locally as the San Leandro Gabbro.
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NCGS 2019 – 2020 Calendar

Regional Framework

Structural
Analysis
of Unruh and Hector
Cretaceous/Tertiary Boundary

March 25
7:00 pm
Roland Burgmann, UC Berkeley
Sea Level Rise and Subsidence in the Bay Area

Miocene Rocks of Contra Costa

Recent Seismicity

Detrital Zircon Study of the Gooley & Graham
Tertiary
Tephra Provenance of the Upper Sarna-Wojcicki et
Tertiary
al.
Late Tertiary Geological History Sarna-Wojcicki et
al.
Paleogene biotic events of the McDougall
San Francisco Area

7:00 pm
Speaker to be announced

THE 75th ANNIVERSARY VOLUME OF
THE NORTHERN CALIFORNIA
GEOLOGICAL SOCIETY:
THE REGIONAL GEOLOGICAL
SETTING OF MOUNT DIABLO

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.

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.

NCGS member contributions to the
publication
of this volume are very welcome

Author(s)

History of Geological
Exploration

Bartow

History of Coal and Sand
Mining
Mineral Deposits on Mt Diablo
Aggregate Mining: Clayton
Quarries on Mt. Zion
Exploration Oil and Gas

Sullivan, Dedmon
et al.

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.

Motzer
Goodwin

Hector, Elam, and
Blake
Geomorphic Evolution due to Fuller
road construction
Chapter 2 – Structure
Franciscan Complex Mt Diablo

Schwartz

Chapter 3 – Stratigraphy
Stratigraphy, Northeastern Flank Sullivan et al.

May 27
Dinner Meeting
6:00 pm
Raymond Jeanloz, UC Berkeley
Experimental mantle geochemistry and preliminary
findings of the Deep Carbon Observatory

Table of Contents
Chapter 1 – Introduction

Ross, Edwards et
al.

Miocene Volcanic Rocks on East Fay, Sullivan et al.
side of Mt Diablo

April 29
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

June 24

Graymer

Past Contributions:
Honorary Member Mel Erskine
[Editor’s Note: At the last board meeting, Don Lewis was
tasked with providing a short paragraph to put on our
webpage about NCGS Honorary Members. While

Wakabayashi
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researching someone else, he stumbled across this poem by
our Honorary Member Mel Erskine, from Geology, August,
1985, pages 590-91. It’s self-explanatory. Mel is still around,
but has been unable to come to recent meetings.]

“Flexural slip on growing folds,” parallel to bedding
(Hill, nineteen eighty-four), concentric folds by yet
another heading,
are clarified by Dahlstrom’s (sixty-nine)
detached and balanced structural outline.
Conservation of volume is the simple rule
on which to balance this structural toll,
which demands detachment, scientific sense,
to a fault; and I assign a fault in confidence.
I’d balance the same in a bed, an outcrop on the Sierra
spreading.

Mason Hill, rightly honored and more
for structural ideas well presented afore,
has once more set us to thinking
with cunning arguments for linking
the six point six Coalinga earth shakes
and the major after-earthquakes
with Coalinga’s growing anticlinal hill
and Coalinga’s sagging synclinal fill.
Reference: Hill (nineteen hundred and eighty-four)

Reply from Mason L. Hill, Whittier, CA (same issue of
Geology):

Hill observed that Coalinga’s mighty earthquakes
Did not result in mappable surface breaks,
He saw that dips on Coalinga’s folds,
well drilled rocky vessels’ oily holds,
corresponded in a general spatial way
to calculated nodal plane dips, say,
based upon the seismograph’s first squiggle
and therefore on Coalinga’s ground’s first wiggle
from the main quake and every major aftershake.

I thank M.C. Erskine, Jr. for his comment on my
hypothesis (Hill, 1984) that most of the Coalinga
earthquakes were generated by flexural slip on the flanks
of the Coalinga anticline and syncline. Erskine seems to
be sure that folds must be associated with, if not caused
by, faults. And he apparently has faith in the relatively
recent concept and practice of balancing cross sections as
proof that a concealed low-angle thrust fault is present
under these folds. He may be right, and since about 1900,
such decollements have been recognized in the Apls.
However, the few available seismic sections in the
Coalinga area probably do not yet prove the presence of a
decollement, and the scattered distribution of hypocenters,
in both map and section views, argues against sich an
interpretation (see Rymer et al., 1985). I appreciate
Erskine’s poetry but am not happy about his theoretical
fault.

If fault movement the main quake’s cause could be,
Then according to Eaton and others (in eighty-three)
First-motion solutions require a thrust,
With a southwest-dipping plane a must,
or a fault of the reverse kind,
with a steep northeast dip, you mind.
In the absence of rupture of surface
To guide interpretation’s purpose,
Hill concludes that a fault is not a necessity.

NCGS Award for Excellence in
the Teaching of Natural Resources in
the Earth Sciences

Hill’s assumption and an omission definitely grated,
I think both from a common source are similarly
fabricated.
The omission is perhaps the fatal flaw;
perhaps it should be regarded geologic law,
when a fold it is we must construe.
a cross section is the constraining view.
A cross section’s detached constraint
would help to flag my lonely plaint
that folds and faults, like chickens and eggs, are related.

Toshimi Fujikawa is 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.

The assumption by Hill is more difficult to assault,
Teaching is an ever-changing practice, and teachers must
implying failure parallel to bedding is not a fault?
adapt to not only changing curriculum but to changing
Balanced against this, where did it go?
teaching practices.
He didn’t mean that, say it isn’t so!
At her school, Arroyo High School in San Lorenzo,
A fault not seen is too readily impugned,
Geology is one of two options (the other option is
says Seeber (eighty-three), importuned
Chemistry in the Earth System) for the second class in the
as we are by surface observation.
California State Framework 3 Course Model, which will
However, COCORP seismic augmentation
should help bring such sample-biased perception to a ensure that all students meet all Next Generation Science
Standards (NGSS). Geology is a UC-approved high
halt.
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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 at our
2020 Dinner Meeting.

NCGS Field Trip
“A Fresh Look at the Geology of Mount Diablo’s
Summit and Southwest Flank”
A Saturday in Spring 2020, starting at 9:30 am
Leaders: Dr. Will Schweller and Dr. Don Medwedeff
By popular demand, there may be another trip offered in
the spring. The half-day field trip will provide an updated
understanding of the geology of Mount Diablo, focusing
on the Franciscan Complex that forms the upper half of
the mountain and the Cretaceous and Tertiary sedimentary
formations that form the southwest flank, plus the
structural and tectonic processes that created the
mountain. The trip will begin near the top of the mountain,
at the large parking area just below the summit, and
proceed downhill to end at Rock City, just uphill from the
ranger station at the park’s south entrance. Please be on
the lookout for an announcement emailed by Crystal
Replogle, and mail in your reservation at that time.

New Book Published on the Geology of
San Francisco
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.

Pacific Section AAPG/SEPM/SEG
Convention

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.

2020 Vision: Producing Our Future
April 4-8, 2020
Join them in Oxnard, California, just an hour north of
Los Angeles, at the Embassy Suites Beach Resort, an
oceanfront hotel and excellent convention venue. The
deadline has passed for submission of abstracts, but the
high-quality technical program will cover the broad
interests of their members and the geoscience
community.
Convention
information
is
at
http://psaapgconvention.org/2020.
Technical
presentations will be scheduled for Monday and
Tuesday, April 6-7.

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
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20% discount from the $79.95 retail price (plus information on our scholarship program, a list of useful
shipping) is available through January 31, 2020.
web links, and list of NCGS officers.

New Streetcar 2 Subduction Geological
Field Trips Using Google Earth

UC Berkeley Earth & Planetary Science
Weekly Seminar Series

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.

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. On
February 20, Marine Denolle of Harvard will speak on
Using ambient seismic vibrations to probe the Earth
near surface dynamics. For a list of seminars, go to
http://eps.berkeley.edu/events/seminars.

NCGS Board Meetings

NCGS members are invited our next Board of Directors
meeting, on April 25 at the APTIM office at 4005 Port
Chicago Highway. Board meetings are generally held at
9 am on a Saturday in January, April/May, and September,
Streetcar 2 Subduction is designed for anyone to and are open to all NCGS members. Please contact Tom
MacKinnon
if
you’d
like
to
attend,
at
explore the geology of the San Francisco Bay area with
tom.mackinnon@comcast.net.
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 USGS Evening Public Lecture Series
how many trips and stops they would like to make. The USGS evening public lecture series events are free
Many of the trips are accessible through public and are intended for a general public audience that may
transportation, but a few outlying trips are best reached not be familiar with the science being discussed. The
by driving. The trip can also be explored by those at next lecture will be given Thursday, February 27, by
home through their internet browser.
Chris Soulard, USGS Western Geographic Science
Center, on “From California to Cambodia - Surface
https://www.agu.org/learn-anddevelop/learn/streetcar2subduction/streetcar2subduction Water Mapping using Cloud-Based Remote Sensing”
at Rambo Auditorium, 345 Middlefield Road, Menlo
Park. For more information on the lectures, and for a
NCGS Outreach Opportunities
map
of
the
location,
go
to:
https://online.wr.usgs.gov/calendar/.
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 Happy 2020! And that means it’s time to
renew your membership!
secretary. The outreach group had a successful day
interfacing with students at last fall’s science fair at
Welcome to a new decade – but now is the time to check
California State East Bay.
your membership status. Please see page 13 for a blank
WE HAVE A FACEBOOK GROUP! FIND US registration form, and mail it in as indicated, or drop it
off with Barbara Matz at the check-in desk at the next
ON FACEBOOK @NCGEOLSOC AND
meeting.

TWITTER @NORCALGEOSOC

Pacific Section AAPG/SEPM/SEG
Convention

Check out our updated NCGS Website at
http://ncgeolsoc.org/. We have posted many older field
2020 Vision: Producing Our Future
trip guidebooks for free downloading, and we describe
April 4-8, 2020
the process for purchasing newer guidebooks. The
website includes a list of upcoming meetings, Join them in Oxnard, California, just an hour north of
Los Angeles, at the Embassy Suites Beach Resort, an
5

Intriguingly, that timing roughly coincides with the end of
one of our planet’s ice ages. An impact in the ice would
have liberated an enormous amount of water vapor, the
researchers suggest, perhaps enough to alter Earth’s
climate and catapult the planet out of widespread
glaciation.

oceanfront hotel and excellent convention venue. The
deadline has passed for submission of abstracts, but the
high-quality technical program will cover the broad
interests of their members and the geoscience
community.
Convention
information
is
at
http://psaapgconvention.org/2020.
Technical
presentations will be scheduled for Monday and
Tuesday, April 6-7.

The Yarrabubba impact structure, about a day’s drive
northeast of Perth, isn’t much to look at today. The
original crater, believed to have been roughly 40 miles in
diameter, is long gone.

2023 GSA Cordilleran Section Meeting
Coming to Sacramento

“There’s no topography that rises up,” said Aaron
Cavosie,
a planetary scientist at Curtin University in Perth
John Wakabayashi has informed us that the 2023 GSA
and
a
member
of the research team.
Cordilleran Section Meeting will be in Sacramento.
John plans to lead a Mt Diablo Field trip for that That’s because the combined effects of wind, rain,
meeting – his trips are great, so mark your calendars!
glaciation and plate tectonics have scoured several miles
off the surface of the planet, effectively erasing the crater.
Earth’s Oldest Asteroid Impact Found The extent of erosion suggests that the impact structure is
very, very old.

in Australia

Existing clues yield “a pretty giant” age range of about a
billion and a half years, said Timmons Erickson, a
geochronologist at NASA Johnson Space Center in
Houston and the study’s lead author. But Dr. Erickson
knew that it was possible to do far better, by reading the
tiny geological clocks that hide within rocks.

The cataclysm, which occurred roughly 2.2 billion
years ago, might have catapulted the planet out of
an ice age.
By Katherine Kornei (NYTimes, 1/28/2020)

In 2014, Dr. Erickson collected roughly 200 pounds of
granitic rocks from Yarrabubba. Back in the laboratory, he
and his colleagues placed the rocks in water and added
120,000 volts of electricity. That jolt broke the rocks into
sand-size grains. The scientists were looking for grains of
zircon and monazite, tough minerals that survive for
billions of years and, crucially, incorporate uranium and
thorium atoms into their crystalline structure.
Uranium and thorium decay, in a steady dribble over
billions of years, into lead. But the searing temperatures of
an impact — thousands of degrees Fahrenheit — cause
zircon and monazite to recrystallize, a process that drives
A grain of zircon analyzed by Dr. Erickson and his out lead.
colleagues, showing recrystallization textures from the “It’s kind of like cleaning house,” Dr. Cavosie said.
impact.
“Recrystallization is a bond-breaking process that kicks
Credit: Erickson et al., Nature Communications 2020 out the pre-existing lead and thus resets the clock.”
As a result, the relative amounts of uranium, thorium and
lead in recrystallized zircon or monazite can be used to
calculate how long ago an impact occurred.

Earth is constantly being pummeled by space rocks.
Several tons rain down on the planet each day in the form
of dust. And larger strikes have created more visible
features, including giant craters. But which of our planet’s
extraterrestrial scars is the oldest?

Based on measurements of 39 zircon and monazite
crystals, Dr. Erickson and his team calculated that the
Researchers reported on Tuesday in Nature Yarrabubba impact occurred 2.229 billion years ago, with
Communications that they have pinpointed it, in Western an uncertainty of 5 million years. The next-oldest impact
Australia. It was caused by an impact more than 2.2 billion structure, Vredefort Dome in South Africa, is over 200
million years younger.
years ago.
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The age of the Yarrabubba impact structure happens to
line up with the end of an ice age, which makes for a
compelling coincidence, Dr. Erickson said: “Would an
impact event like Yarrabubba be enough to terminate a
glacial time in Earth’s history?”

Pratigya Polissar, associate professor of ocean sciences
at UC Santa Cruz.
Japanese researchers looking at onshore sediment
deposits have found evidence of at least three similar
tsunamis having occurred in this region at roughly
1,000-year intervals. The new study suggests there have
been even more large earthquakes on this fault zone
than those that left behind onshore evidence of big
tsunamis, said coauthor Heather Savage, associate
professor of Earth and planetary sciences at UC Santa
Cruz.

To help answer that question, the scientists modeled the
effects of a roughly four-mile-wide impact object striking
ice sheets of different thicknesses. They found that more
than 100 billion tons of water vapor would have been
jetted into the upper atmosphere.

Water vapor is a potent greenhouse gas; suddenly having
much more of it aloft could have triggered a warming that
Savage and Polissar have developed a technique for
ended an ice age, the team suggested. That idea still needs
assessing the history of earthquake slip on a fault by
to be tested with climate models, the researchers noted.
analyzing organic molecules trapped in sedimentary
Christian Koeberl, a geochemist at the University of rocks. Originally synthesized by marine algae and other
Vienna and not involved in the research, agreed. Inferring organisms, these "biomarkers" are altered or destroyed
what might have happened to Earth’s ancient climate is by heat, including the frictional heating that occurs
“where things get a lot more speculative,” he said. “We when a fault slips during an earthquake. Through
just don’t know the answer to that yet.”
extensive laboratory testing over the past decade,
Savage and Polissar have developed methods for
Seismic biomarkers in Japan Trench quantifying the thermal evolution of these biomarkers
and using them to reconstruct the temperature history of
fault zone reveal history of large
a fault.

earthquakes

The Japan Trench Fast Drilling Project (JFAST) drilled
into the fault zone in 2012, extracting cores and
installing a temperature observatory. UCSC
seismologist Emily Brodsky helped organize JFAST,
which yielded the first direct measurement of the
frictional heat produced by the fault slip during an
ScienceDaily, January 27, 2020
earthquake (see earlier story). This heat dissipates after
Source: UC Santa Cruz
the earthquake, however, so the signal is small and
In the aftermath of the devastating Tohoku-Oki transient.
earthquake that struck off the coast of Japan in March
2011, seismologists were stunned by the unprecedented "The biomarkers give us a way to detect permanent
50 meters of shallow displacement along the fault, changes in the rock that preserve a record of heating on
which ruptured all the way to the surface of the seafloor. the fault," Savage said.
This extreme slip at shallow depths exacerbated the For the new study, the researchers examined the JFAST
massive tsunami that, together with the magnitude 9.1 cores, which extended through the fault zone into the
earthquake, caused extensive damage and loss of life in subducting plate below. "It's a complex fault zone, and
Japan.
there were a lot of faults throughout the core. We were
In a new study, published January 27 in Nature able to say which faults had evidence of large
Communications, researchers used a novel technique to earthquakes in the past," Savage said.
Researchers used a novel technique to study the
faults in the Japan Trench, the subduction zone
where the magnitude 9.1 Tohoku-Oki earthquake
struck in 2011

study the faults in the Japan Trench, the subduction
zone where the Tohoku-Oki earthquake struck. Their
findings reveal a long history of large earthquakes in
this fault zone, where they found multiple faults with
evidence of more than 10 meters of slip during large
earthquakes.

One of their goals was to understand whether some rock
types in the fault zone were more prone to large slip in
an earthquake than other rocks. The cores passed
through layers of mudstones and clays with different
frictional strengths. But the biomarker analysis showed
evidence of large seismic slip on faults in all the
"We found evidence of many large earthquakes that different rock types. The researchers concluded that
have ruptured to the seafloor and could have generated differences in frictional properties do not necessarily
tsunamis like the one that struck in 2011," said coauthor
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determine the likelihood of large shallow slip or seismic gases. Evidence of the oxidation remains on the tiny
fragments that landed on Earth. The samples serve as a
hazard.
unique proxy for conditions in the upper atmosphere, the
Savage and Polissar began working on the biomarker scientists said.
technique as postdoctoral researchers at UC Santa Cruz,
publishing their first paper on it with Brodsky in 2011. "This is a promising new tool for figuring out the
They continued developing it as researchers at the composition of the upper atmosphere billions of years in
Lamont-Doherty Earth Observatory of Columbia the past," said Rebecca Payne, a doctoral candidate in
University, before returning to UC Santa Cruz as geosciences and astrobiology at Penn State. Payne is lead
faculty members in 2019. Hannah Rabinowitz, the first author of the study, published recently in the journal
author of the new paper, worked with them as a graduate Proceedings of the National Academy of Sciences.
student at Columbia and is now at the U.S. Department The work builds on previous studies of the
micrometeorites that suggested free oxygen molecules in
of Energy.
the upper atmosphere oxidized the meteorites. Those
"We've tested this technique in different rocks with findings would require oxygen levels on ancient Earth to
different ages and heating histories, and we can now say be near modern day levels, a surprising conclusion that
yes, there was an earthquake on this fault, and we can contradicts conditions expected on the young planet,
tell if there was a large one or many small ones," Savage Payne said.
said. "We can now take this technique to other faults to
The researchers conducted a new analysis using
learn more about their histories."
photochemical and climate models and determined carbon
In addition to Rabinowitz, Savage, and Polissar, the dioxide, not oxygen, likely served as the main oxidant. For
coauthors of the paper include Christie Rowe and James this to be possible, they found carbon dioxide had to
Kirkpatrick at McGill University. This work was comprise at least 25 percent of the atmosphere.
funded by the National Science Foundation. The JFAST
Those levels of carbon dioxide would suggest a warm
project was sponsored by the International Ocean
planet, but other climate evidence finds Earth was cool at
Drilling Program (IODP).
the time and partly covered by glaciers. Lower nitrogen
levels resulting in lower pressure would allow for both
high carbon dioxide levels and cool conditions.

Journal Reference: Hannah S. Rabinowitz, Heather
M. Savage, Pratigya J. Polissar, Christie D. Rowe,
James D. Kirkpatrick. Earthquake slip surfaces
identified by biomarker thermal maturity within the
2011 Tohoku-Oki earthquake fault zone. Nature
Communications, 2020; 11 (1) DOI: 10.1038/s41467020-14447-1.

"There are data, referenced in our paper, that support
lower nitrogen concentrations during this time," said Jim
Kasting, Evan Pugh University Professor in the
Department of Geosciences at Penn State and Payne's
adviser. "Our study of micrometeorite oxidation falls in
line with that interpretation. The possibility that our major
atmospheric gas, nitrogen, was less abundant in the distant
past is really intriguing."

Meteorites reveal high carbon dioxide
levels on early Earth

The findings may help reconcile disagreements in
previous studies on carbon dioxide in the deep past and
climate model estimates, according to the researchers.

Tiny meteorites no larger than grains of sand hold
new clues about the atmosphere on ancient Earth,
according to scientists.

Previous estimates of carbon dioxide levels from billions
of years ago rely on paleosols, or ancient soils, which may
ScienceDaily, January 29, 2020
better reflect conditions in the lower atmosphere. Regional
Source: Pennsylvania State University
differences like weather or ground cover also can impact
Tiny meteorites no larger than grains of sand hold new paleosols samples, and the findings from these studies
clues about the atmosphere on ancient Earth, according to often contradict each other and climate models, the
scientists said.
scientists.
"It was getting difficult to figure out where the agreement
should have been between different paleosol studies and
climate models," Payne said. "This is interesting, because
it's a new point of comparison. It may help us find the right
answer about atmospheric carbon dioxide in the deep past"

Iron micrometeorites found in ancient soils suggest carbon
dioxide made up 25 to 50 percent of Earth's atmosphere
2.7 billion years ago, and that pressure at sea level may
have been lower than today, Penn State researchers said.
The meteorites melted as they streaked through the
atmosphere and oxidized as they encountered atmospheric
8

Don Brownlee, professor at the University of Washington, the time and amount of uplift. Based on the geological
also contributed to this research.
evidence from other sites in New Zealand, "we are
Journal Reference: Rebecca C. Payne, Don Brownlee, confident that each terrace represents an individual
James F. Kasting. Oxidized micrometeorites suggest earthquake," Litchfield said.
either high pCO2 or low pN2 during the Neoarchean. Previous radiocarbon dating studies suggested that the
Proceedings of the National Academy of Sciences, 2020; youngest marine terraces at Puatai Beach and Pakarae
s117 (3): 1360 DOI: 10.1073/pnas.1910698117.
River mouth were created at the same times. But
Litchfield and colleagues decided to revisit these dates
Upper-plate earthquakes caused uplift with a more comprehensive examination of the terraces.
At each site, the researchers did extensive trenching "to
along New Zealand's Northern
see what the stratigraphy was, and to carefully sample,
Hikurangi Margin
and then use more than radiocarbon dating techniques
to get high resolution ages," said Litchfield.
ScienceDaily, January 27, 2020
Source: Seismological Society of America
The researchers were able to use a layer of volcanic ash,
along with radiocarbon dating of beach shells, to
Earthquakes along a complex series of faults in the determine ages for each terrace at each site. At Puatai
upper plate of New Zealand's northern Hikurangi Beach, the terraces correspond to three earthquakes that
Subduction Margin were responsible for coastal uplift occurred between 1710 and 1770 years ago, 910 and
in the region, according to a new evaluation of local 1100 years ago, and 250 and 420 years ago. At Pakarae
marine terraces.
River mouth, the terraces correspond to earthquakes
The findings, reported in the Bulletin of the that took place between 530 and 660 years ago and
Seismological Society of America, could shape new between 1290 and 1490 years ago.
evaluations of seismic hazard in New Zealand. They The different terrace ages at each site combined with
suggest that earthquakes rupturing multiple faults may modeling of uplift from earthquakes on newly mapped
contribute more than subduction earthquakes to offshore faults allowed the researchers to rule out a
damaging uplift in the area.
subduction earthquake or single-fault upper-plate
Using radiocarbon and other methods to date the marine earthquake as the cause of uplift.
terraces at two North Island sites, Puatai Beach and Researchers will need to learn more about the extent and
Pakarae River mouth, Nicola Litchfield of GNS Science orientation of the newly mapped offshore faults, and
and her colleagues conclude that the uplift events that model how they might rupture together, to fully
created the terraces occurred at different times between evaluate how they impact overall seismic hazard,
the two sites. This suggests that the uplift was not the Litchfield said. "Simply having more faults offshore,
result of subduction earthquakes or single-fault upper some of them quite close, means that there is more
plate earthquakes.
earthquake and tsunami hazard," she noted. "We don't
The pattern of uplift seen in the marine terraces led the know yet how that might be balanced by the fact that
researchers to map new offshore faults in the region, there is less subduction earthquake hazard in the model,
which they think may be one source of these upper-plate though."
earthquakes, said Litchfield.
Journal Reference: Nicola J. Litchfield, Kate J. Clark,
The Hikurangi Subduction Margin lies along the eastern Ursula A. Cochran, Alan S. Palmer, Joshu Mountjoy,
edge of North Island, where the Pacific and Australian Christof Mueller, Regine Morgenstern, Kelvin R.
tectonic plates collide and the Pacific plate slips under Berryman, Bruce G. McFadgen, Richard Steele, Nadine
the island. Recent New Zealand earthquakes involving Reitman, Jamie Howarth, Pilar Villamor. Marine
multiple fault ruptures and coastal deformation, such as Terraces Reveal Complex Near-Shore Upper-Plate
the magnitude 7.8 Kaikoura earthquake in 2016, have Faulting in the Northern Hikurangi Margin, New
prompted seismologists to evaluate the mechanisms Zealand. Bulletin of the Seismological Society of
behind these complicated sequences, Litchfield said -- America, 2020; DOI: 10.1785/0120190208.
especially along the remote areas of the northern
Margin where there have been fewer studies overall

Marine terraces are created when shorelines are raised
above sea level by uplift at the coast, and they record
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dead plants, animal and microbes. This matter, which
never fully decomposed, has been locked away in Earth's
refrigerator for thousands of years.

Arctic permafrost thaw plays greater
role in climate change than previously
estimated

As the climate warms, permafrost cannot remain frozen.
Across 80 percent of the circumpolar Arctic's north, a
warming climate is likely to trigger gradual permafrost
thaw that manifests over decades to centuries.

ScienceDaily, February 3, 2020
Source: University of Colorado at Boulder
Abrupt thawing of permafrost will double previous
estimates of potential carbon emissions from permafrost
thaw in the Arctic, and is already rapidly changing the
landscape and ecology of the circumpolar north, a new CU
Boulder-led study finds.

But in the remaining parts of the Arctic, where ground ice
content is high, abrupt thaw can happen in a matter of
months -- leading to extreme consequences on the
landscape and the atmosphere, especially where there is
ice-rich permafrost. This fast process is called
Permafrost, a perpetually frozen layer under the "thermokarst" because a thermal change causes
seasonally thawed surface layer of the ground, affects 18 subsidence. This leads to a karst landscape, known for its
million square kilometers at high latitudes or one quarter erosion and sinkholes.
of all the exposed land in the Northern Hemisphere. Turetsky said this is the first paper to pull together the
Current estimates predict permafrost contains an wide body of literature on past and current abrupt thaw
estimated 1,500 petagrams of carbon, which is equivalent across different types of landscapes.
to 1.5 trillion metric tons of carbon.
The authors then used this information along with a
The new study distinguishes between gradual permafrost numerical model to project future abrupt-thaw carbon
thawing, which affects permafrost and its carbon stores losses. They found that thermokarst always involves
slowly, versus more abrupt types of permafrost thawing. flooding, inundation, or landslides. Intense rainfall events
Some 20% of the Arctic region has conditions conducive and the open, black landscapes that result from wildfires
to abrupt thawing due to its ice-rich permafrost layer. can speed up this dramatic process.
Permafrost that abruptly thaws is a large emitter of carbon,
including the release of carbon dioxide as well as methane, The researchers compared abrupt-permafrost-thaw carbon
which is more potent as a greenhouse gas than carbon release to that of gradual permafrost thaw, trying to
dioxide. That means that even though at any given time quantify a "known unknown." There are general estimates
less than 5% of the Arctic permafrost region is likely to be of gradual thaw contributing to carbon emissions, but they
experiencing abrupt thawing, their emissions will equal had no idea how much of that would be caused by
thermokarst.
those of areas experiencing gradual thawing.
This abrupt thawing is "fast and dramatic, affecting They also wanted to find out how important this
landscapes in unprecedented ways," said Merritt Turetsky, information would be to include in global climate models.
director of the Institute of Arctic and Alpine Research At present, there are no climate models that incorporate
(INSTAAR) at CU Boulder and lead author of the study thermokarst, and only a handful that consider permafrost
published today in Nature Geoscience. "Forests can thaw at all. While large-scale models over the past decade
become lakes in the course of a month, landslides occur have tried to better account for feedback loops in the
with no warning, and invisible methane seep holes can Arctic, the Intergovernmental Panel on Climate Change
(IPCC)'s most recent report only includes estimates of
swallow snowmobiles whole."
gradual permafrost thaw as an unresolved Earth system
Abrupt permafrost thawing can occur in a variety of ways, feedback.
but it always represents a dramatically abrupt ecological
"The impacts from abrupt thaw are not represented in any
shift, Turetsky added.
existing global model and our findings indicate that this
"Systems that you could walk on with regular hiking boots could amplify the permafrost climate-carbon feedback by
and that were dry enough to support tree growth when up to a factor of two, thereby exacerbating the problem of
frozen can thaw, and now all of a sudden these ecosystems permissible emissions to stay below specific climate
turn into a soupy mess," Turetsky said.
change targets," said David Lawrence, of the National
Center for Atmospheric Research (NCAR) and a coauthor
Why thawing permafrost matters
of the study.
Permafrost contains rocks, soil, sand, and in some cases,
pockets of pure ground ice. It stores on average twice as The findings bring new urgency to including permafrost
much carbon as is in the atmosphere because it stores the in all types of climate models, along with implementing
remains of life that once flourished in the Arctic, including strong climate policy and mitigation, Turetsky added.
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"We can definitely stave off the worst consequences of
climate change if we act in the next decade," said
Turetsky. "We have clear evidence that policy is going to
help the north and thus it's going to help dictate our future
climate."
Other coauthors on the paper include researchers from the
University of Guelph, Brigham Young University, the
United States Geological Survey, University of Alaska
Fairbanks, University of Alberta, Northern Arizona
University, Alfred Wegener Institute Helmholtz Centre
for Polar and Marine Research, University of Potsdam,
Stockholm University, Lawrence Berkeley National
Laboratory, and the National Center for Atmospheric
Research.

why Earth evolved as it did and this gives us even more
evidence that the magnetic shielding was recorded very
early on the planet."
Earth’s Magnetic Field Today
Today's magnetic shield is generated in Earth's outer core.
The intense heat in Earth's dense inner core causes the
outer core -- composed of liquid iron -- to swirl and churn,
generating electric currents, and driving a phenomenon
called the geodynamo, which powers Earth's magnetic
field. The currents in the liquid outer core are strongly
affected by the heat that flows out of the solid inner core.

Because of the location and extreme temperatures of
materials in the core, scientists aren't able to directly
measure the magnetic field. Fortunately, minerals that rise
Journal Reference: Merritt R. Turetsky, Benjamin W.
to Earth's surface contain tiny magnetic particles that lock
Abbott, Miriam C. Jones, Katey Walter Anthony, David
in the direction and intensity of the magnetic field at the
Olefeldt, Edward A. G. Schuur, Guido Grosse, Peter
time the minerals cool from their molten state.
Kuhry, Gustaf Hugelius, Charles Koven, David M.
Lawrence, Carolyn Gibson, A. Britta K. Sannel, A. David Using new paleomagnetic, electron microscope,
McGuire. Carbon release through abrupt permafrost thaw. geochemical, and paleointensity data, the researchers
Nature Geoscience, 2020; 13 (2): 138 DOI: dated and analyzed zircon crystals -- the oldest known
terrestrial materials -- collected from sites in Australia.
10.1038/s41561-019-0526-0.
The zircons, which are about two-tenths of a millimeter,
contain even smaller magnetic particles that lock in the
Evidence of stronger-than-expected magnetization of the earth at the time the zircons were
formed.
early magnetic field around Earth
Earth’s Magnetic Field Four Billion Years Ago

ScienceDaily, January 21, 2020
Source: University of Rochester
Deep within Earth, swirling liquid iron generates our
planet's protective magnetic field. This magnetic field is
invisible but is vital for life on Earth's surface: it shields
the planet from harmful solar wind and cosmic rays from
the sun.
Given the importance of the magnetic field, scientists have
been trying to figure out how the field has changed
throughout Earth's history. That knowledge can provide
clues to understanding the future evolution of Earth, as
well as the evolution of other planets in the solar system.
New research from the University of Rochester provides
evidence that the magnetic field that first formed around
Earth was even stronger than scientists previously
believed. The research, published in the journal PNAS,
will help scientists draw conclusions about the
sustainability of Earth's magnetic shield and whether or
not there are other planets in the solar system with the
conditions necessary to harbor life.

Previous research by Tarduno found that Earth's magnetic
field is at least 4.2 billion years old and has existed for
nearly as long as the planet. Earth's inner core, on the other
hand, is a relatively recent addition: it formed only about
565 million years ago, according to research published by
Tarduno and his colleagues earlier this year.
While the researchers initially believed Earth's early
magnetic field had a weak intensity, the new zircon data
suggests a stronger field. But, because the inner core had
not yet formed, the strong field that originally developed
4 billion years ago must have been powered by a different
mechanism.
"We think that mechanism is chemical precipitation of
magnesium oxide within Earth," Tarduno says.

The magnesium oxide was likely dissolved by extreme
heat related to the giant impact that formed Earth's moon.
As the inside of Earth cooled, magnesium oxide could
precipitate out, driving convection and the geodynamo.
The researchers believe inner Earth eventually exhausted
the magnesium oxide source to the point that the magnetic
"This research is telling us something about the formation field almost completely collapsed 565 million years ago.
of a habitable planet," says John Tarduno, the William R.
Kenan, Jr., Professor of Earth and Environmental Sciences But the formation of the inner core provided a new source
and Dean of Research for Arts, Sciences, and Engineering to power the geodynamo and the planetary magnetic
at Rochester. "One of the questions we want to answer is shield Earth has today.
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A Magnetic Field on Mars
"This early magnetic field was extremely important
because it shielded the atmosphere and water removal
from the early Earth when solar winds were most intense,"
Tarduno says. "The mechanism of field generation is
almost certainly important for other bodies like other
planets and exoplanets."

"The extinctions that we see in the fossils are often
explained as the results of climatic changes but the
changes in Africa within the last few million years were
relative minor and our analyses show that climatic
changes were not the main cause of the observed
extinctions," explains Søren Faurby, researcher at
Gothenburg University and the main author of the study.

"Our analyzes show that the best explanation for the
A leading theory, for instance, is that Mars, like Earth, had
extinction of carnivores in East Africa is instead that they
a magnetic field early on in its history. However, on Mars,
are caused by direct competition for food with our extinct
the field collapsed and, unlike Earth, Mars did not
ancestors," adds Daniele Silvestro, computational
generate a new one.
biologist and co-author of the study.
"Once Mars lost its magnetic shielding, it then lost its
Carnivores disappeared
water," Tarduno says. "But we still don't know why the
magnetic shielding collapsed. Early magnetic shielding is Our ancestors have been common throughout eastern
really important, but we're also interested in the Africa for several million years and during this time there
sustainability of a magnetic field. This study gives us more were multiple extinctions according to Lars Werdelin, codata in trying to figure out the set of processes that author and expert on African fossils.
maintain the magnetic shield on Earth."
"By investigating the African fossils, we can see a drastic
Journal Reference: John A. Tarduno, Rory D. Cottrell, reduction in the number of large carnivores, a decrease
Richard K. Bono, Hirokuni Oda, William J. Davis, that started about 4 million years ago. About the same
Mostafa Fayek, Olaf van ’t Erve, Francis Nimmo, Wentao time, our ancestors may have started using a new
Huang, Eric R. Thern, Sebastian Fearn, Gautam Mitra, technology to get food called kleptoparasitism," he
Aleksey V. Smirnov, Eric G. Blackman. Paleomagnetism explains.
indicates that primary magnetite in zircon records a strong
Kleptoparasitism means stealing recently killed animals
Hadean geodynamo. Proceedings of the National
from other predators. For example, when a lion steals a
Academy of Sciences, 2020; 201916553 DOI:
dead antelope from a cheetah.
10.1073/pnas.1916553117.
The researchers are now proposing, based on fossil
Human ancestors started biodiversity evidence, that human ancestors stole recently killed
animals from other predators. This would lead to
decline millions of years ago
starvation of the individual animals and over time to
extinction of their entire species.
ScienceDaily, January 17, 2020
"This may be the reason why most large carnivores in
Source: University of Georgia
Africa have developed strategies to defend their prey. For
The human-caused biodiversity decline started much example, by picking up the prey in a tree that we see
earlier than researchers used to believe. According to a leopards doing. Other carnivores have instead evolved
new study, the process was not started by our own species social behavior as we see in lions, who among other things
but by some of our ancestors.
work together to defend their prey," explains Søren
The human-caused biodiversity decline started much Faurby
earlier than researchers used to believe. According to a Humans today affect the world and the species that live in
new study published in the scientific journal Ecology it more than ever before. "But this does not mean that we
Letters, the process was not started by our own species but previously lived in harmony with nature. Monopolization
by some of our ancestors.
of resources is a skill we and our ancestors have had for
The work was done by an international team of scientists millions of years, but only now are we able to understand
and change our behavior and strive for a sustainable
from Sweden, Switzerland and the United Kingdom.
future. 'If you are very strong, you must also be very
The researchers point out in the study that the ongoing kind'," concludes Søren Faurby and quotes Astrid
biological diversity crisis is not a new phenomenon, but Lindgrens book about Pippi Longstocking.
represents an acceleration of a process that human
Journal Reference: Søren Faurby, Daniele Silvestro,
ancestors began millions of years ago.
Lars Werdelin, Alexandre Antonelli. Brain expansion in
early hominins predicts carnivore extinctions in East
Africa. Ecology Letters, 2020; DOI: 10.1111/ele.13451.
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(continued from Page 1)
• Geologic and active seismic fault are aligned in some
locations and disparate in others.
• Development of a retro-deformable, three-dimensional
geological model is required to evaluate the magnitude
and timing of strike-slip versus dip-slip motion on East
Bay faults.
Biography:
Don received his Ph.D., M.Sc., and B.S. in geological
science from Princeton University (1988), Queen’s
University in (1983), and The University of Michigan
N
(1981), respectively. As part of his studies, Don
analyzed compressional structures in the Southern
Appalachians, Canadian Rockies, and the California
Map Courtesy of Dan Day
Coast Ranges.
H
After university, Don held technology positions for 30
years at ARCO and Chevron. There he both developed
analysisgeology
and kinematic
restoration
tools and
structural analysis and kinematic restoration tools and applied them to structural
interpret structural
and kinematics
in California,
them
interpret
structural
geometry
Alaska, Oklahoma Texas, Louisiana, Indonesia, Australia, Romania, applied
the North
Sea,tothe
Alps, New
Zealand,
Nigeria,and
Angola,
Brazil, China, Thailand. Don has authored or coauthored 14 journal articles and 30 conference presentations.
An AAPG member since 1985 and a NCGS member since 2017, Don is now a Chevron Fellow emeritus and an independent
research geologist living above vertically-dipping Pliocene sediments on the southwest limb of Mt. Diablo. He seeks to
contribute to the Northern California seismic hazard community by refining geologic models of the East Bay.
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To NCGS members receiving the newsletter by U.S. Mail only: Would you like to instead receive the
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at tomasbarry@aol.com.
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