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ONLINE MEETING ANNOUNCEMENT
DATE:

Wednesday, September 30, 2020

LOCATION: Online using Zoom (see registration info on Page 2)
TIME:
SPEAKER:

TOPIC:

7 pm to 8:30 pm

Roland Bürgmann, Ph.D.
Department of Earth and Planetary
Science at UC Berkeley
“A close-up view of Bay Area natural
hazards from outer space”

Satellite radar observations allow us to measure deformation of the
Earth’s surface at high precision and dense spatial resolution. We
use these space-geodetic measurements to study a number of
processes that represent natural hazards in the San Francisco Bay
Area, including active tectonic faulting, landsliding and land
subsidence. The observations capture details of fault slip along the
Hayward fault and help define the likely rupture area of future large
earthquakes on the fault. We can resolve the seasonal motion of
active landslides in the East Bay Hills and on the Big Sur coastline
and find a delayed acceleration following the onset of the rainy
season. While sea levels are rising due to global climate change, land
subsidence rates around San Francisco Bay exceed 10 mm/year in
areas underlain by compacting artificial landfill and Holocene mud
deposits. Maps of expected inundation hazards based on projections
of sea level rise alone underestimate the area at risk of flooding
compared with revised maps that account for the contribution of
local land subsidence. High-resolution characterization of these
active deformation processes using space-based observations is a
first step toward improved hazard forecasting.
Biography:
Roland Bürgmann received his Vordiplom in Geology at the
Universität Tübingen, Germany, in 1987, his M.S. at the University
of Colorado, Boulder, in 1989, and his Ph.D. at Stanford University,
in 1993. He is currently Professor at the Department of Earth and
Planetary Science at UC Berkeley. His research interests are in
active tectonics, crustal deformation and lithosphere rheology. His
research group uses space-geodetic measurements, seismic data, and
field observations to constrain crustal deformation associated with
(continued on last page)
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to register for the meeting. Separate Zoom invitations
for those practice sessions will be sent a day
beforehand.

NCGS 2020 – 2021 Calendar
October 28, 2020
7:00 pm
Dr. Jared Gooley, U.S. Geological Survey
Tectonic evolution of the central California margin as
reflected by detrital zircon composition in the Mount
Diablo region

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.

November 18, 2020
7:00 pm
Dr. Lori Dengler, Humboldt State University (Emerita)
KAome - Extraordinary Tsunami Boat Linking Japan
and California Communities

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.

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.

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

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.

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

History of Geological
Exploration

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 will 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

Author(s)
Bartow

Sullivan et al.
History of Coal and Sand
Mining
Mercury Deposits on Mt Diablo Motzer
Aggregate Mining on Mt. Zion, Goodwin
Clayton
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Petroleum occurrences in the Mt. Hector et al.
Diablo region
Geomorphic Evolution due to Fuller
Road Construction on Mt Diablo
Chapter 2 – Structure
Franciscan Complex Mt. Diablo

Wakabayashi

Geological Framework of Mt. Graymer
Diablo
Langenheim

and

Interaction of Extensional, Medwedeff
Contractional, and Strike-slip
Elements at Mount Diablo
Upper plate deformation during Unruh
blueschist
exhumation:
stratigraphic and structural
relationships Mt. Diablo
Tectonic Development of Mt. Figuers and Crane
Diablo: A Retrospective
(deceased)
Neogene Volcanism on the east Sullivan et al.
side of Mt. Diablo
Chapter 3 – Stratigraphy
Mid
to
late
Cenozoic Sullivan et al.
Stratigraphy, NE flanks of Mt.
Diablo
Detrital Zircon Study of the Gooley et al.
Tertiary
Tephra
Provenances in the Sarna-Wojcicki et
Upper Tertiary succession
al.

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/

2020 NCGS Election Results
Here are the results of our annual election of officers,
held online owing to the cancellation of the annual
meeting (held in June of each year):

President: Tom MacKinnon
President-Elect: Noelle Schoellkopf, Retired
Miocene Rocks of East Bay Hills Ross, et al.
Recording Secretary & Social Media: Open (Crystal
Late Tertiary Geological History Sarna-Wojcicki et
Replogle has retired; we thank her for her excellent
of Mt. Diablo region
al.
service!)
Biotic Events in the Paleogene McDougall
Field Trip Coordinator: Will Schweller
succession
Treasurer: Don Medwedeff
Program Director: Jim O'Brient
NCGS 75th Anniversary
Membership Chair: Tom Barry
It’s been 75 years since the NCGS began as an Newsletter Editor: Mark Sorensen
outgrowth of a genial gathering, over brews, of
Other positions
geologists from a variety of mostly petroleum
exploration companies, in Rio Vista in 1944. Please Past President: Greg Bartow
join us as we celebrate this landmark anniversary. We Scholarship Chair: Phil Garbutt
are progressing toward completion in 2021 of the K-12 Program Co-Chairs: Pamela Polite Fisco and
release The Regional Geologic Setting of Mount Paul Henshaw
Diablo in a special publication of Geological Society NCGS Outreach Chair: Open
of America. The manuscript is in its final stages and
Website Manager: Andrew Alden
all the articles have been submitted. The volume will
be a colorful in-depth study of the geology of Mt. Counselors
Diablo by the leading experts in their field. Donations Don Lewis, Ray Sullivan, Bill Motzer.
are being sought to cover the costs of numerous color
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The officers and other information about the society are authority, you may want to attend a free online
listed on our website: http://www.ncgeolsoc.org/about/ workshop to learn about the licensing process and
application requirements. These workshops are not
mandatory, and are provided as a service to help you
Mount Diablo Interpretive Association
understand the requirements. The workshops will be
(MDIA) webinar:
offered several times per year depending on demand.
Bicycle Geology of Mount Diablo
•
Frequently Asked Questions: How to apply for
a GIT, PG, PGp, CHG or CEG license or certificate,
by John Karachewski
August 26, 2020 and October 7, 2020 at 10am, (30 to
Wednesday, October 7, 2020 at 7 pm
45 minutes)
Free online registration required at:
•
For References: Completing the Independent
Evaluation
form for PG, PGp, CHG or CEG
https://www.mdia.org/Events/Bicycle-Geology-ofapplications, August 26, 2020 and October 7, 2020 at
Mount-Diablo
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)

Streetcar 2 Subduction Geological Field
Trips Using Google Earth

John Karachewski will be giving in early October for
the Mount Diablo Interpretive Association. Although
this presentation is intended for a general audience, it'll
hopefully have enough technical highlights for our
members. I took most of these photos this Spring during
the COVID shutdown of the park to cars. My
presentation is focused on the North Gate Road to the
Summit and several mountain bike/fire road trails in the
park and surrounding open space parks. It compliments
but differs from Will and Don's excellent NCGS
guidebook, because I could stop wherever I wanted
along the road and didn't have to worry about cars or
parking.

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.

Information on Professional Registration
with the State of California

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:

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.

https://www.agu.org/learn-andIf you are interested in obtaining a GIT certificate, PG
develop/learn/streetcar2subduction/streetcar2subduction
license, PGP license or CEG/CHG specialty title
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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
There are no announcements for NCGS outreach this registration form, and mail it in as indicated to our new
month, but keep an eye on this space, and for emails that treasurer Don Medwedeff.
may come from Greg Bartow, our recording secretary.

NCGS Outreach Opportunities

2023 GSA Cordilleran Section Meeting

WE HAVE A FACEBOOK GROUP! FIND US
Coming to Sacramento
ON FACEBOOK @NCGEOLSOC AND
John Wakabayashi has informed us that the 2023 GSA
TWITTER @NORCALGEOSOC
Cordilleran Section Meeting will be in Sacramento.
John plans to lead a Mt Diablo Field trip for that
Check out our updated NCGS Website at meeting – his trips are great, so mark your calendars!
http://ncgeolsoc.org/. We have posted many older field
trip guidebooks for free downloading, and we describe
Familiar Culprit May Have Caused
the process for purchasing newer guidebooks. The
Mysterious Mass Extinction
website includes a list of upcoming meetings,
information on our scholarship program, a list of useful A planet heated by giant volcanic eruptions drove
web links, and list of NCGS officers.
the earliest known wipeout of life on Earth
By Shannon Hall, New York Times,
June 10, 2020

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 October 1, Richard Allen will speak on
Global Earthquake Early Warning: ShakeAlert,
MyShake and Android. 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.

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.)

USGS Evening Public Lecture Series

An artist’s concept of marine life during the Ordovician
The USGS evening public lecture series events are free Period, which spanned from 485 to 443 million years ago.
Credit: John Sibbick/Science Photo Library
and are intended for a general public audience that may
not be familiar with the science being discussed. It has long been our planet’s greatest and oldest murder
Normally held at Rambo Auditorium, 345 Middlefield mystery. Roughly 445 million years ago, around 85
Road, Menlo Park, the only current information is that percent of all marine species disappeared in a geologic
there will be no evening public lectures through 2020. flash known as the Late Ordovician mass extinction. But
Check back later for information on newly schedules scientists have long debated this whodunit, in contrast to
lectures for 2021, plus a map of the location, at: clearer explanations for Earth’s other mass extinctions.
https://online.wr.usgs.gov/calendar/.
“The Ordovician one has always been a little bit of an
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oddball,” said Stephen Grasby of the Geological Survey In the story they tell, Earth’s crust began to break open just
of Canada.
before both pulses of extinction. Giant cracks released
walls of lava that erupted hundreds of feet into the air and
Now he and David Bond of the University of Hull in
extended for hundreds of miles. So many flows could have
England say they have cracked the case in a study
deposited lava up to a million square miles away, plus
published last month in the journal Geology. Widespread
mercury and enough carbon dioxide into the atmosphere
volcanic eruptions unleashed enough carbon dioxide to
to drive global warming. That, in turn, caused a cascade of
heat up the planet and trigger two pulses of extinction
effects, from punching holes in the ozone layer to reducing
separated by 1 million years, they report. If true, it places
oxygen in the ocean.
the first grand wipeout of life on Earth in good company:
Many of the other major mass extinctions are also thought “This wasn’t an oddball cooling event,” Dr. Grasby said.
“It joins the club as another ‘death by warming.’”
to be victims of global warming.
Scientists have offered a range of culprits — including
toxic metals and radiation released from a distant galaxy
— but the favored explanation has long been global
cooling.

Seth Finnegan, a paleobiologist at the University of
California, Berkeley, who was not involved in the
research, has questions about the study’s mercury data.
It’s possible, he says, that mercury (from later volcanic
eruptions or elsewhere) moved into Ordovician rock
Toward the end of the Ordovician, Earth underwent
shortly after the extinction pulses.
widespread glaciation. That could have caused the shallow
seas to disappear, which provided optimal conditions for Dr. Dewing said that if one rock showed an anomalously
high mercury signature, it might be cause for concern. But
a variety of organisms.
the team saw it in rock after rock after rock. “It’s a very
But some scientists, including Keith Dewing, who is also
pronounced change right at that point,” Dr. Dewing said.
at the Geological Survey of Canada but was not involved
“So it’s not just one bad data point.”
in this research, have struggled with this hypothesis.
Geological evidence shows that both pulses of the The new hypothesis points toward a number of tests that
extinction were quite abrupt, but glaciation often waxes scientists can now undertake, like studying Ordovician
rocks in other locations for the same signatures. That alone
and wanes over millions of years.
is a huge step beyond the global cooling hypothesis, which
“You had to shoehorn your data in a little bit to get it to
Dr. Dewing said “was almost more like a belief system.”
fit,” he said of that explanation.
In addition, scientists can attempt to pinpoint the volcanic
Dr. Bond and Dr. Grasby reached their volcanic region that dates back to that time (as they have done with
hypothesis after collecting Ordovician rocks from a small other periods of mass extinction).
stream in southern Scotland. They then shipped those
“The real smoking gun would be to find a big volcanic
rocks to Vancouver, British Columbia, where the
province,” said Paul Wignall, from the University of
specimens were heated in a lab until they released large
Leeds who was not involved in the study.
amounts of mercury — a telltale sign that volcanoes had
If the hypothesis holds, the first mass extinction will
rocked the epoch.
match many of the others. For some scientists, that only
The rocks also emitted molybdenum and uranium —
provides more impetus to better understand these events
geochemical proxies that suggest the oceans were
— which can no doubt yield further insight into
deoxygenated at the time. Only warming so easily robs the
anthropogenic impacts today as we also pump carbon
oceans of oxygen, they say, asphyxiating the species that
dioxide and other greenhouse gases into the atmosphere.
live there.
Although it might sound mind-boggling, Dr. Finnegan
Think of a bottle of cola. “If it’s been in the fridge, it stays
argues that we’re releasing greenhouse gases at a rate that
nice and fizzy because the gas in that carbon dioxide stays
equals or exceeds these major extinction events.
in the liquid,” Dr. Bond said. “But if you leave it on a
sunny table outside and it gets really warm, then that gas “These are not worlds that you want to inhabit,” Dr.
quickly dissociates out of that liquid and you end up with Finnegan said.
a flat coke.”
These findings allowed the team to paint a new picture —
one that doesn’t discount the glaciation at the time, but
suggests that the cooler climate was punctuated by global
warming events triggered by volcanic eruptions. “It all just
seemed to fit together quite nicely,” Dr. Bond said.
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said. “We hope in the end that we get better history out of
it, but also a better understanding of what’s happening to
the Earth right now.”

Ancient Rome Was Teetering. Then a
Volcano Erupted 6,000 Miles Away.

Scientists have linked historical political instability to Roughly 1,500 volcanoes are potentially active right now,
a number of volcanic events, the latest involving an meaning that they’ve erupted at some point in the last
eruption in the Aleutian Islands
10,000 years. While scientists today have sophisticated
tools to monitor volcanoes, the vast majority of historical
By Katherine Kornei, New York Times,
eruptions have gone unrecorded, at least by modern
June 22, 2020
scientific instruments. Sussing out those eruptions
requires patience and ingenuity, and a willingness to
manage a lot of ice.
At the Desert Research Institute in Reno, Nev., it’s not
unusual to find researchers in puffy parkas and wool hats
handling chunks of ice in a minus 4 Fahrenheit “cold
room.” Ice cores, typically drilled vertically from glaciers,
hide bits of volcanic material that rained down from longago eruptions within their layers.
Joseph McConnell, a climate scientist at the institute, and
his collaborators are in the business of looking for that
debris. Using an instrument they designed and built, they
melt the ice and pipe the water into an array of sensors.
With hundreds of feet of tubing, the setup looks downright
chaotic, but it’s exquisitely sensitive. The sensors pinpoint
many substances, including about 30 different elements,
and they do so by catching just tiny whiffs.

An 18th-century depiction of the Battle of Actium, in 31
B.C., Johann Georg Platzer, an Austrian painter. The
battle is generally seen as marking the end of the Roman
Republic, as Mark Antony and Cleopatra’s forces were
defeated by Octavian, who consolidated power to become “They have sensitivities of parts per quadrillion,” Dr.
the first Roman emperor. Credit V&A Images, via Alamy McConnell said.
Chaos and conflict roiled the Mediterranean in the first
century B.C. Against a backdrop of famine, disease and
the assassinations of Julius Caesar and other political
leaders, the Roman Republic collapsed, and the Roman
Empire rose in its place. Tumultuous social unrest no
doubt contributed to that transition — politics can unhinge
a society. But so can something arguably more powerful.

Volcanic ash, more generally known as tephra, sometimes
hides in ice. It’s a special find because it can be
geochemically tied to a specific volcano. “The tephra
comes from the magma itself,” said Michael Sigl, a
chemist at the University of Bern in Switzerland who
collaborates with Dr. McConnell. “It carries the
composition of the rocks.”

Scientists on Monday announced evidence that a volcanic
eruption in the remote Aleutian Islands, 6,000 miles away
from the Italian peninsula, contributed to the demise of the
Roman Republic. That eruption — and others before it and
since — played a role in changing the course of history.

Sulfur is also indicative of a past eruption. Sulfur dioxide,
a gas commonly belched by erupting volcanoes, reacts
with water in the atmosphere to create sulfate aerosols.
These tiny particles can linger in the stratosphere for
years, riding wind currents, but they, like tephra,
eventually fall back to Earth.

In recent years, geoscientists, historians and
archaeologists have joined forces to investigate the
societal impacts of large volcanic eruptions. They rely on
an amalgam of records — including ice cores, historical
chronicles and climate modeling — to pinpoint how
volcanism affected civilizations ranging from the Roman
Republic to Ptolemaic Egypt to pre-Columbian
Mesoamerica.

The ice also carries a time stamp. Dr. McConnell and his
colleagues look for variations in elements like sodium,
which is found in sea spray that’s seasonally blown inland.
By simply counting annual variations in these elements,
it’s possible to trace the passage of time, Dr. McConnell
said. “It’s like a tree-ring record.”

Dr. McConnell and his collaborators recently analyzed six
There’s nuance to this kind of work, said Joseph Manning, ice cores drilled in the Arctic. In layers of ice
a historian at Yale University who has studied the falls of corresponding to the early months of 43 B.C., they spotted
Egyptian dynasties. “It’s not ‘a volcano erupts and a large upticks in sulfur and, crucially, bits of material that
society goes to hell.’” But the challenge is worth it, he
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were probably tephra. The timing caught the scientists’ political, social, and economic upheaval.” These cold, wet
attention.
conditions would have almost certainly decimated crops,
Dr. McConnell and his colleagues said. Historical records
Researchers have previously hypothesized that an
compiled by Roman writers and philosophers note food
environmental trigger may have helped set in motion the
shortages and famines. In 43 B.C., Mark Antony, the
crop failures, famines and social unrest that plagued the
Roman military leader, and his army had to subsist on wild
Mediterranean region at that time. But until now, “There
fruit, roots, bark and “animals never tasted before,” the
hasn’t been the kind of data that these scholars brought
philosopher Plutarch wrote.
forth to really get those theories into the mainstream,” said
Jessica Clark, a historian of the Roman Republic at Florida For a society already reeling from the assassination of
Julius Caesar the year before, such trying conditions might
State University who was not involved in the research.
have exacerbated social unrest, the researchers concluded.
Gill Plunkett, a paleoecologist at Queen’s University
They might even have kick-started transfers of political
Belfast, set out sleuthing. After extracting 35 pieces of
power that led to the rise of the Roman Empire.
tephra from the ice, she pored over the rock chemistry of
likely volcanic suspects. Nicaragua’s Apoyeque. Italy’s “It’s an incredible coincidence that it happened exactly in
the waning years of the Roman Republic when things were
Mount Etna. Russia’s Shiveluch.
falling apart,” said Dr. McConnell, who published the
But it was Okmok, a volcano in Alaska’s Aleutian Islands,
team’s results in Proceedings of the National Academy of
that turned out to be the best match, at least on paper.
Sciences.
Sealing the deal would require testing two tephra samples
— one from the ice and one from Okmok — on the same Karen Holmberg, an archaeologist at New York
instrument.
University who studies volcanic events and was not
involved in the research, said she found the study
Dr. Plunkett arranged for a tephra handoff at a conference
“compelling and persuasive.”
in Dublin. A colleague from the Alaska Volcano
Observatory, Kristi Wallace, packed four bags of Okmok Unfortunately, the archaeological record doesn’t often
tephra in her carry-on luggage. The match was spot on, Dr. record volcanic eruptions, she said, except in cases of very
Plunkett said. “There are some events that are tricky. With nearby eruptions when there’s an obvious layer of tephra.
The links in the study are probable, but not definite.
Okmok, there’s nothing else that looks like it.”
“They’re not being heavy handed and saying this is
Cold and Wet, a World Away
absolutely it,” Dr. Holmberg said.
This eruption was one of the largest of the last few
Nile Interrupted
millenniums, Dr. McConnell and his collaborators
concluded, and the sulfate aerosols it created remained in Around the same time, another great civilization was also
the stratosphere for several years. These tiny particles are feeling the effects of volcanism, including the Okmok
particularly good at reflecting sunlight, which means they eruption. But rather than reeling from climatic variability,
this society was being rattled by changes in a critical
can temporarily alter Earth’s climate.
resource: water.
“They’ve created, for a short term, global cooling events,”
said Jessica Ball, a volcanologist at the California Volcano Egyptian society, before the installation of the Aswan Low
Dam in the early 20th century, was anchored by the annual
Observatory, who was not involved in the research.
summer flooding of the Nile River. These summer floods,
There’s good evidence that the Northern Hemisphere was
sustained by monsoon rains in the highlands of Ethiopia,
colder than normal around 43 B.C. Trees across Europe
delivered irrigation and silt, both critical to Egypt’s
grew more slowly that year, and a pine forest in North
agrarian society. “The whole rhythm of the year was built
America experienced an unusually early autumn freeze.
around responding to the flood,” Dr. Manning of Yale
Using climate models to simulate the impact of an Okmok
said.
eruption, Dr. McConnell and his collaborators estimated
that parts of the Mediterranean, roughly 6,000 miles away, But volcanic eruptions, even those on the other side of the
would have cooled by as much as 13.3 degrees Fahrenheit. world, could have disrupted that flooding, Dr. Manning
and his colleagues recently showed. Using records from
“It was bloody cold,” Dr. McConnell said.
Cairo’s Nilometer — an octagonal marble column that
Rain patterns changed as well – some regions would have was used for recording Nile flood height from 622 to 1902
been drenched by 400 percent more precipitation than A.D., the team found that flooding tended to be weaker, or
normal, the modeling revealed.
entirely absent, during years when there was a large
That climate shock came at precisely the wrong time, Dr. volcanic eruption somewhere in the world.
Clark said. “This was a period of Mediterranean-wide
8

Dr. Manning and his collaborators next mined roughly 100
papyrus records to qualitatively estimate flooding during
the Ptolemaic dynasty, which lasted from 305 to 30 B.C.
Again, they found that the Nile typically flooded weakly,
if at all, at the time of large eruptions.

there’s bound to be a really big eruption. How its effects
ripple around the world awaits to be seen.
“Okmok volcano is not exactly a commonly known
threat,” Dr. Holmberg said. “But then neither was
Eyjafjallajökull.”

The culprit, the team reasoned in a paper published a few
years ago, was cooling caused by sulfate aerosols. When
Earth cools after a large eruption, its atmospheric
circulation patterns change. That can shift the invisible
meeting point of Northern and Southern Hemisphere trade
winds — the Intertropical Convergence Zone — that
affects where monsoon rains tend to fall. When less
precipitation falls over Ethiopia, home to a major tributary
of the Nile, there’s less water available for flooding that
year.

Melting Glaciers Are Filling Unstable
Lakes. And They’re Growing.
A census of the world’s glacial lakes shows there
are more than there used to be, and their water
volume is growing.
By Katherine Kornei, New York Times,
Sept. 2, 2020

Ptolemaic-era records revealed that this reduced flooding
had socioeconomic and political consequences. Revolts
increased in the years following “Nile failure,” Dr.
Manning and his colleagues found. Priestly decrees —
intended to establish the political legitimacy of Greek
rulers — also became more commonplace.
Reinforcing elite authority during times of turmoil makes
sense, Dr. Manning said. “Bad flooding is interpreted as
having a bad king in office.”
Mystery Eruptions
Volcanic eruptions have left fingerprints on other
societies, too. They’ve been tied to economic decline in
sixth-century pre-Columbian Mesoamerica and famineinduced migration in eastern China in the 10th century.
Eruptions have potentially helped trigger widespread
outbreaks of disease, such as the Justinian plague around
540 A.D. Just over a decade ago, an eruption of Iceland’s
Eyjafjallajökull led to the costly closure of a wide swath
of European air space.

A glacial lake at the end of the Rhone Glacier, near Gletsch,
Switzerland.
Credit: Fabrice
Coffrini/Agence France-Presse — Getty Images

Nearly freezing and often an otherworldly shade of blue,
glacial lakes form as glaciers melt and retreat. These lakes
are a source of drinking and irrigation water for many
communities. But they can turn deadly in an instant when
Questions persist, however, for geoscientists, historians the rocks that hold them in place shift and send torrents of
and archaeologists alike. Having more ice core records water coursing downstream.
might reveal the identities of orphan eruptions, their sulfur
Now, researchers have compiled the first global database
signatures in ice cores still unpinned to a parent volcano,
of glacial lakes and found that they increased in volume
said Robert Dull, a paleoecologist at California Lutheran
by nearly 50 percent over the last few decades. That
University who studies volcanic eruptions.
growth, largely fueled by climate change, means that such
“There are still large unsourced mystery eruptions up floods will likely strike more frequently in the future, the
until the early 19th century.”
team concluded in a paper published Monday in Nature
A better understanding of how societies were structured is Climate Change.
also important. Increased knowledge of trade patterns, for
instance, would shed light on how a crop failure in one
geographic area would have trickle-down effects
throughout a wider region, Dr. Dull said. “You need to
understand how human beings were connected.”

Dan Shugar, a geomorphologist at the University of
Calgary, and his colleagues did not set out to take a global
census of glacial lakes. They had originally planned to
focus on only a few dozen concentrated in the Himalayas
and neighboring mountain ranges in East and South Asia.
Right now, roughly a dozen volcanoes are erupting. In all But when the team finished writing computer programs to
likelihood, they’re nothing to worry about — it’s doubtful automatically identify and outline water in satellite
you’ve even heard of them. But every once in a while,
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images, they realized they could easily expand their study
to include most of the world’s glacial lakes.

Did Something Burp? It Was an
Earthquake

“It wasn’t that much of a bigger leap,” Dr. Shugar said.

The researchers collected more than 250,000 Landsat Years of observations in central Italy show that more
images of the Earth’s surface and fed that satellite imagery carbon dioxide percolates through Earth’s crust during
into Google Earth Engine, a platform for analyzing large
periods of strong seismic activity.
Earth science data sets, to assemble the most complete
By Katherine Kornei, New York Times,
glacial lake inventory to date.
Aug. 29, 2020
“We mapped almost the whole world,” Dr. Shugar said.
During earthquakes, spider webs of faults open up
This study demonstrates cloud computing’s capabilities,
below ground, allowing gases deep within our planet to
said David Rounce, a glaciologist at Carnegie Mellon
University who was not involved in the research. “Being percolate upward. Researchers have now compiled the
able to churn through over 200,000 images is really first long-term record that shows a relationship between
earthquakes and the release of carbon dioxide gas.
remarkable.”
The global coverage also makes it possible to pick out
large-scale patterns and regional differences that other
studies might miss, said Kristen Cook, a geologist at the
GFZ German Research Centre for Geosciences, who also
was not part of the research team.
Dr. Shugar and his collaborators measured how the
number and size of glacial lakes evolved from 1990
through 2018. The team found that the number of lakes
increased to over 14,300 from roughly 9,400, an uptick of
more than 50 percent. The volume of water in the lakes
also tended to swell over time, with an increase of about
50 percent.

While the amount of carbon dioxide released by
tectonic activity is a pittance compared with the billions
of tons that human activity pumps into the atmosphere
each year, the research published Wednesday in Science
Advances sheds light on the planet’s climatecontrolling carbon cycle.

“It’s modulating Earth’s climate on geological time
scales,” said James Muirhead, a geologist at the
University of Auckland in New Zealand, not involved
in the research who praised the data set a team of Italian
scientists had collected. The results could also
potentially pave the way toward forecasting seismic
Lakes at high latitudes exhibited the fastest growth, the activity.
researchers found. That makes sense, Dr. Shugar and his The region around Italy’s central Apennine Mountains,
colleagues proposed, because climate change is warming roughly an hour east of Rome, is riddled with faults.
the Arctic faster than other parts of the world.
Devastating earthquakes have repeatedly struck the
All this growth is troubling, Dr. Shugar and his research area, including the L’Aquila earthquake in 2009. That
team members suggest, because glacial lakes, by their temblor, which killed hundreds of people, made
very nature, can pose significant danger to downstream headlines again in 2012 when a judge ruled that seven
communities.
Italian earthquake experts were guilty of manslaughter
Some glacial lakes sit in bowl-shaped depressions because they had failed to warn nearby residents of the
bordered by glacial moraine, the often unstable rocky potential risk. The area’s seismic activity has been
rubble left behind by a retreating glacier. When moraine linked to escaping carbon dioxide.
collapses, glacial lake water can course downslope in an Giovanni Chiodini, a geochemist at the National
outburst flood. These events, which have occurred from Institute of Geophysics and Volcanology in Bologna,
Nepal to Peru to Iceland, can be devastating. “They are a and his colleagues analyzed the carbon content of
very real threat in many parts of the world,” Dr. Shugar groundwater in the Apennines. From April 2009
said.
through December 2018, the researchers gathered
Some countries have made significant investments to hundreds of water samples from 36 different springs.
mitigate the risk of such floods. In 2016, Nepalese They calculated the carbon dioxide concentration in
officials lowerd the water levelin Imja Lake, a glacial lake each sample after subtracting contributions from
near Mt. Everest, by more than 11 feet.
rainwater and soil.
This global census can help identify other lakes in need of The researchers estimated that about 1.7 million tons of
monitoring or remediation, Dr. Shugar said. “We hope carbon dioxide were discharged by tectonic activity in
that it allow governments to see where the hot spots might the study area over a decade. That’s roughly equivalent
be for glacial lakes growing in the future.”
to the carbon dioxide emitted by one volcanic eruption.
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Carbon fizzing out of a stream on the San Vittorino
plain, about 18 miles from the epicenter of the 2009
L’Aquila earthquake. Credit...Giovanni Chiodini
The real surprise came when Dr. Chiodini and his
collaborators compared their data with the records of
roughly 17,000 earthquakes that had occurred nearby.
The researchers found that seismic activity and carbon
dioxide degassing clearly tracked one another in time
— periods of high earthquake activity lined up with
peaks in gas release. For example, carbon dioxide
concentrations measured in the months following the
L’Aquila earthquake were roughly twice as high as they
were in 2013, a period of low earthquake activity, the
team showed. High concentrations were again
measured in September and November 2016, just a few
months after several large earthquakes rocked the
region.

High-fidelity record of Earth's climate
history puts current changes in
context
ScienceDaily, September 10, 2020
Source: University of California - Santa Cruz
For the first time, climate scientists have compiled a
continuous, high-fidelity record of variations in Earth's
climate extending 66 million years into the past. The
record reveals four distinctive climate states, which the
researchers dubbed Hothouse, Warmhouse, Coolhouse,
and Icehouse.

These major climate states persisted for millions and
sometimes tens of millions of years, and within each one
the climate shows rhythmic variations corresponding to
changes in Earth's orbit around the sun. But each climate
state has a distinctive response to orbital variations, which
This link makes sense, the scientists propose, based on drive relatively small changes in global temperatures
what’s going on miles beneath the surface. The central compared with the dramatic shifts between different
Apennines sit on top of a subduction zone where slabs climate states.
of carbon-rich rock are continuously diving downward. The new findings, published September 10 in Science, are
As those rocks sink, they’re exposed to hotter and hotter the result of decades of work and a large international
conditions until they melt, which releases gases, Dr. collaboration. The challenge was to determine past
Chiodini said. “One hundred kilometers below the climate variations on a time scale fine enough to see the
Apennines, you have a huge source of carbon dioxide,” variability attributable to orbital variations (in the
he said. As pressure builds underground, the crust eccentricity of Earth's orbit around the sun and the
eventually fractures, resulting in earthquakes.
precession and tilt of its rotational axis).

Earthquakes themselves might also trigger more carbon
dioxide degassing, the scientists suggest. That’s
because ground movement might cause bubbles of gas
to form deep underground, akin to shaking a bottle of
champagne, Dr. Chiodini said. This feedback loop
might help explain aftershocks in the Apennines, the
researchers propose.
The big question is what happens first, the earthquake
or the carbon dioxide degassing. “If the carbon dioxide
discharges are leading the large earthquakes in time,
then perhaps these methods could be used alongside
other tools as earthquake indicators,” Dr. Muirhead
said.

"We've known for a long time that the glacial-interglacial
cycles are paced by changes in Earth's orbit, which alter
the amount of solar energy reaching Earth's surface, and
astronomers have been computing these orbital variations
back in time," explained coauthor James Zachos,
distinguished professor of Earth and planetary sciences
and Ida Benson Lynn Professor of Ocean Health at UC
Santa Cruz.

"As we reconstructed past climates, we could see longterm coarse changes quite well. We also knew there
should be finer-scale rhythmic variability due to orbital
variations, but for a long time it was considered
impossible to recover that signal," Zachos said. "Now that
we have succeeded in capturing the natural climate
But a lot more observations — with measurements variability, we can see that the projected anthropogenic
spaced closer together in time — would be needed, he warming will be much greater than that."
said, and even then it would still be a fraught endeavor For the past 3 million years, Earth's climate has been in an
to forecast seismic activity. “The uncertainties are still Icehouse state characterized by alternating glacial and
too high and the consequences too huge,” he said.
interglacial periods. Modern humans evolved during this
time, but greenhouse gas emissions and other human
activities are now driving the planet toward the
Warmhouse and Hothouse climate states not seen since
the Eocene epoch, which ended about 34 million years
ago. During the early Eocene, there were no polar ice caps,
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and average global temperatures were 9 to 14 degrees so this was a big effort of the international community
Celsius higher than today.
working together," Zachos said.
"The IPCC projections for 2300 in the 'business-as-usual'
scenario will potentially bring global temperature to a
level the planet has not seen in 50 million years," Zachos
said.
Critical to compiling the new climate record was getting
high-quality sediment cores from deep ocean basins
through the international Ocean Drilling Program (ODP,
later the Integrated Ocean Drilling Program, IODP,
succeeded in 2013 by the International Ocean Discovery
Program). Signatures of past climates are recorded in the
shells of microscopic plankton (called foraminifera)
preserved in the seafloor sediments. After analyzing the
sediment cores, researchers then had to develop an
"astrochronology" by matching the climate variations
recorded in sediment layers with variations in Earth's orbit
(known as Milankovitch cycles).

Now that they have compiled a continuous,
astronomically dated climate record of the past 66 million
years, the researchers can see that the climate's response
to orbital variations depends on factors such as greenhouse
gas levels and the extent of polar ice sheets.
"In an extreme greenhouse world with no ice, there won't
be any feedbacks involving the ice sheets, and that
changes the dynamics of the climate," Zachos explained.

Most of the major climate transitions in the past 66 million
years have been associated with changes in greenhouse
gas levels. Zachos has done extensive research on the
Paleocene-Eocene Thermal Maximum (PETM), for
example, showing that this episode of rapid global
warming, which drove the climate into a Hothouse state,
was associated with a massive release of carbon into the
atmosphere. Similarly, in the late Eocene, as atmospheric
"The community figured out how to extend this strategy carbon dioxide levels were dropping, ice sheets began to
to older time intervals in the mid-1990s," said Zachos, form in Antarctica and the climate transitioned to a
who led a study published in 2001 in Science that showed Coolhouse state.
the climate response to orbital variations for a 5-million"The climate can become unstable when it's nearing one
year period covering the transition from the Oligocene
of these transitions, and we see more deterministic
epoch to the Miocene, about 25 million years ago.
responses to orbital forcing, so that's something we would
"That changed everything, because if we could do that, we like to better understand," Zachos said.
knew we could go all the way back to maybe 66 million
The new climate record provides a valuable framework for
years ago and put these transient events and major
many areas of research, he added. It is not only useful for
transitions in Earth's climate in the context of orbital-scale
testing climate models, but also for geophysicists studying
variations," he said.
different aspects of Earth dynamics and paleontologists
Zachos has collaborated for years with lead author studying how changing environments drive the evolution
Thomas Westerhold at the University of Bremen Center of species.
for Marine Environmental Sciences (MARUM) in
Journal Reference: Thomas Westerhold, Norbert
Germany, which houses a vast repository of sediment
Marwan, Anna Joy Drury, Diederik Liebrand, Claudia
cores. The Bremen lab along with Zachos's group at
Agnini, Eleni Anagnostou, James Barnet, Steven Bohaty,
UCSC generated much of the new data for the older part
David De Vleeschouwer, Fabio Florindo, Thomas
of the record.
Frederichs, David Hodell, Ann Holbourn, Dick Kroon,
Westerhold oversaw a critical step, splicing together Vittoria Lauretano, Kate Littler, Lucas Lourens, Mitchell
overlapping segments of the climate record obtained from Lyle, H. Pälike, U. Röhl, J. Tian, R.Wilkens, P. Wilson, J.
sediment cores from different parts of the world. "It's a Zachos. An astronomically dated record of Earth’s climate
tedious process to assemble this long megasplice of and its predictability over the last 66 million years.
climate records, and we also wanted to replicate the Science, 2020 DOI: 10.1126/science.aba6853.
records with separate sediment cores to verify the signals,
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active faults, volcanoes, fluid reservoirs, and
landslides. He is a Fellow and 2013 Birch lecturer
of the American Geophysical Union (AGU) and a
Fellow of the American Association for the
Advancement of Science (AAAS). He is currently
chairing the National Earthquake Prediction
Evaluation Council (NEPEC) and is a member of
NASA’s Earth Science Advisory Committee
(ESAC).
See http://seismo.berkeley.edu/~burgmann/ for
more information about Bürgmann’s research and
publications.
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