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TOPIC:

Social Hour: 6:30 – 7 pm; Program: 7 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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NCGS 2019 – 2020 Calendar

Miocene Rocks of Contra Costa

Ross, Edwards et
al.

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

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

May 27
Dinner Meeting
6:00 pm
Raymond Jeanloz, UC Berkeley
Peering into the deep earth: preliminary findings of the
Deep Carbon Observatory

Detrital Zircon Study of the Gooley & Graham
Tertiary

June 24

Recent Seismicity

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

Tephra Provenance of the Upper Sarna-Wojcicki et
Tertiary
al.

7:00 pm

Late Tertiary Geological History Sarna-Wojcicki et
al.
Paleogene biotic events of the McDougall
San Francisco Area

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.
Table of Contents
Chapter 1 – Introduction

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

Wakabayashi

Regional Framework

Graymer

Schwartz

NCGS Award for Excellence in
the Teaching of Natural Resources in
the Earth Sciences
Toshimi Fujikawa is the 2020 NCGS Winner:

Structural
Analysis
of Unruh and Hector
Cretaceous/Tertiary Boundary

Her philosophy of teaching of natural resources is to
provide students an opportunity to learn about earth’s
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materials and processes in a hands-on, collaborative
environment in order to have a broader view of the earth
and the impact the processes have on their lives.
Teaching is an ever-changing practice, and teachers must
adapt to not only changing curriculum but to changing
teaching practices.
At her school, Arroyo High School in San Lorenzo,
Geology is one of two options (the other option is
Chemistry in the Earth System) for the second class in the
California State Framework 3 Course Model, which will
ensure that all students meet all Next Generation Science
Standards (NGSS). Geology is a UC-approved high
school course that fulfils the A-G Subject Requirement of
D Laboratory Science. Geology helps students understand
the relationship between the Earth and the processes that
make our planet an active and sometimes dangerous place.
Students investigate earth science concepts through
geologic phenomena and acquire laboratory and field
skills involving mineral and rock identification
(geochemistry), geophysics, geomorphology, geologic
history,
mapping,
plate
tectonics,
astronomy,
oceanography and meteorology. Concepts in chemistry,
physics and environmental sciences are incorporated
within the core units covered. There is at least one major
activity or lab per week throughout the course.

Recently Published: Geology of San
Francisco, California

The NCGS 2020 TOTY Award will be presented at our
2020 Dinner Meeting.

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
Pacific Section AAPG/SEPM/SEG
geologic units, geologic hazards, water resources,
Convention
infrastructure development, environmental issues, and
2020 Vision: Producing Our Future
geologic issues associated with major engineering
structures built in San Francisco. Written to be useful to
April 4-8, 2020
both the practicing geologist and interested public, this
Join them in Oxnard, California, just an hour north of
peer reviewed book includes 99 figures, mostly in color.
Los Angeles, at the Embassy Suites Beach Resort, an
oceanfront hotel and excellent convention venue. The Kenneth A. Johnson and Greg W. Bartow co-edited the
deadline has passed for submission of abstracts, but the book. Contributing authors are experts in their
high-quality technical program will cover the broad respective fields and include several NCGS members:
interests of their members and the geoscience John Baldwin, Greg W. Bartow, Peter Dartnell, George
community.
Convention
information
is
at Ford, Jeffrey A. Gilman, Robert Givler, Sally Goodin,
http://psaapgconvention.org/2020.
Technical Russell W. Graymer, H. Gary Greene, Kenneth A.
presentations will be scheduled for Monday and Johnson, Samuel Y. Johnson, Darrell Klingman, Keith
L. Knudsen, William Lettis, William E. Motzer,
Tuesday, April 6-7.
Dorinda Shipman, Lori A. Simpson, Philip J. Stuecheli,
and Raymond Sullivan.
The book is one publication in the Association of
Environmental & Engineering Geologists (AEG),
Geology of the Cities of the World Series. The book can
be ordered from Star Publishing at (978) 829-2572. A
20% discount from the $79.95 retail price (plus
shipping) is available through January 31, 2020.
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UC Berkeley Earth & Planetary Science
Weekly Seminar Series

New Streetcar 2 Subduction Geological
Field Trips Using 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
April 9, Ruby Fu of UC Berkeley will speak on New
insights into the geologic gas hydrate fabric and its
relation to widespread seafloor methane venting. For
a
list
of
seminars,
go
to
http://eps.berkeley.edu/events/seminars.

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.

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
explore the geology of the San Francisco Bay area with MacKinnon
if
you’d
like
to
attend,
at
their phone or cellular enabled device and the Google tom.mackinnon@comcast.net.
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.
Many of the trips are accessible through public The USGS evening public lecture series events are free
transportation, but a few outlying trips are best reached and are intended for a general public audience that may
by driving. The trip can also be explored by those at not be familiar with the science being discussed.
Normally held at Rambo Auditorium, 345 Middlefield
home through their internet browser.
Road, Menlo Park, there will be no evening public
https://www.agu.org/learn-andlectures in March or April. For more information on
develop/learn/streetcar2subduction/streetcar2subduction the lectures, and for a map of the location, go to:
https://online.wr.usgs.gov/calendar/.

NCGS Outreach Opportunities

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

There are no announcements for NCGS outreach this
month, but keep an eye on this space, and for emails that
may come from Crystal Replogle, our recording
secretary. The outreach group had a successful day
interfacing with students at last fall’s science fair at
California State East Bay.

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

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

Pacific Section AAPG/SEPM/SEG
Convention
2020 Vision: Producing Our Future
April 4-8, 2020

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

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
4

http://psaapgconvention.org/2020.
Technical and CO2 organize into formate, acetate and pyruvate
presentations will be scheduled for Monday and overnight at temperatures of 100 degrees Celsius as long
as a few simple mineral catalysts are present -- catalysts
Tuesday, April 6-7.
that themselves are formed in hydrothermal vents. Martina
Preiner emphasizes the fact that no microbial metabolism
2023 GSA Cordilleran Section Meeting
is needed. "The chemical reactions are surprisingly
Coming to Sacramento
simple. The main products created are exactly those used
John Wakabayashi has informed us that the 2023 GSA by the earliest cells as a basis for their further
Cordilleran Section Meeting will be in Sacramento. metabolism."
John plans to lead a Mt Diablo Field trip for that Dr. Harun Tüysüz and his team from the Max Planck
meeting – his trips are great, so mark your calendars!
Institute in Mülheim have designed nanostructured solid
catalysts for the experiments: "We observe a distinct
Hydrogen energy at the root of life structure-activity relationship of the solid catalysts for
CO2 reduction in the origins of life context."

Evolutionary biology

ScienceDaily, March 2, 2020
Source: Heinrich-Heine University Duesseldorf

Serendipity would have it that two other working groups
were also studying similar processes. A team of
Strasbourg-based chemists working under Prof. Dr.
Joseph Moran and Dr. Kamila Muchowska were using
metallic iron instead of H2. The Japanese team working
with microbiologist Dr. Kensuke Igarashi was examining
reactions of H2 and CO2 over iron-sulfide catalysts. All of
the groups observed the same products. Prof. Moran says:
"Metabolism appears to have developed in a surprisingly
natural way."

Since the discovery of submarine hydrothermal vents
around 40 years ago, these natural chemical reactors have
been a focus for evolutionary researchers searching for the
origin of life. The vents emit hot water containing
minerals, including simple but reactive chemical
substances such as hydrogen gas (H2) and carbon dioxide
(CO2). Conditions like these could have resulted in the
very first biochemical reactions, and thus in the emergence The origins of life leads to a 'chicken or egg' problem. In
of the first free living cells.
addition to the simple CO2-H2 reactions, cells have to form
The starting point of such primitive metabolism of the first a large number of more complex modules in order to grow
microbes is carbon dioxide and hydrogen gas. Microbes and function. Modern cells generally feature proteins as
that live from these substances first convert the two gases catalysts, the construction of which is encoded in the
into formic acid (formate), acetate and pyruvate (salts of genes. But what came first, the proteins or the nucleic
acetic acid and pyruvic acid). They then use these to make acids? The study now published suggests that they were
all of their organic material through a dense roadmap of preceded in evolution by reactions catalyzed by metals
complicated reactions. What chemist Dr. Martina Preiner and minerals, and that both proteins and nucleic acids
from the Institute of Molecular Evolution of Heinrich emerged from those reactions. The metals found in
Heine University Düsseldorf (HHU) and an international modern proteins are relicts of these biochemical
team now show is that precisely these basic building beginnings.
blocks of life emerge all by themselves in a lab The study also sheds important light on the classical
environment when H2 and CO2 are left to react in the problem in origin of life research: What energy was
presence of simple minerals in hydrothermal conditions. available to the earliest life forms? Preiner and colleagues
For the last 20 years, Prof. Dr. William Martin, Head of showed that the reactions of H2 with CO2 under the same
the Institute of Molecular Evolution, has been cataloguing conditions as those prevalent in hydrothermal vents also
the many parallels between metal-catalyzed reactions in release energy. When producing simple compounds such
metabolism and chemical reactions at hydrothermal vents. as acetate, enough energy is created to allow primitive
Prof. Martin says: "These reactions based on H2 and CO2 microbes to fuel their further metabolism.
that reflect the origins of the first biochemical processes This means that the fuel for original cells was hydrogen,
can now be simulated in a lab in Düsseldorf, allowing us which was formed in huge quantities in submarine
to mimic the earliest development phases of life."
environments when the Earth was young and continues to
Together with researchers from the Max Planck Institute be formed today. Not only is hydrogen the cleanest of all
for Coal Research in Mülheim/Ruhr, the University of energy forms -- producing just water when combusted -Strasbourg and the National Institute of Advanced it may also be the spark that created life itself. The decisive
Industrial Science and Technology in Japan, Dr. Preiner factors were having the right conditions and the right
has simulated these very simple reactions in a lab catalysts in place.
environment. They have been able to demonstrate that H2
5

The study was funded by the European Research Council,
the Volkswagen Foundation, the German Research
Foundation, the Max Planck Society, the Japan Society for
the Promotion of Science, and the Japanese Ministry of
Education, Culture, Sports, Science and Technology.

that there are anywhere between one and 12 species of
Allosaurus in the Morrison Formation of North
America. This study recognizes only two species -- A.
fragilis and A. jimmadseni.
"Previously, paleontologists thought there was only one
species of Allosaurus in Jurassic North America, but
this study shows there were two species -- the newly
described Allosaurus jimmadseni evolved at least 5
million years earlier than its younger cousin, Allosaurus
fragilis," said co-lead author Mark Loewen, research
associate at the Natural History Museum of Utah, and
associate professor in the Department of Geology and
Geophysics at the University of Utah led the study. "The
skull of Allosaurus jimmadseni is more lightly built than
its later relative Allosaurus fragilis, suggesting a
different feeding behavior between the two."

Journal Reference: Preiner M, Igarashi K, Muchowska
KB, Yu M, Varma SJ, Kleinermanns K, Nobu MK,
Kamagata Y, Tüysüz H, Moran J & Martin WF. A
hydrogen-dependent geochemical analogue of
primordial carbon and energy metabolism. Nat. Ecol.
Evol., 2020 DOI: 10.1038/s41559-020-1125-6.

New species of Allosaurus discovered
in Utah
ScienceDaily, January 24, 2020
Source: University of Utah

George Engelmann of the University of Nebraska,
Omaha initially discovered the initial skeleton of the
new species within Dinosaur National Monument in
1990. In 1996, several years after the headless skeleton
was collected, the radioactive skull belonging to the
skeleton using a radiation detector by Ramal Jones of
the University of Utah. Both skeleton and skull were
excavated by teams from Dinosaur National
Monument.

A remarkable new species of meat-eating dinosaur has
been unveiled at the Natural History Museum of Utah.
Paleontologists unearthed the first specimen in early
1990s in Dinosaur National Monument in northeastern
Utah. The huge carnivore inhabited the flood plains of
western North America during the Late Jurassic Period,
between 157-152 million years ago, making it the
geologically oldest species of Allosaurus, predating the
more well-known state fossil of Utah, Allosaurus
fragilis. The newly named dinosaur Allosaurus
jimmadseni, was announced today in the open-access
scientific journal PeerJ.

"Big Al," another specimen belonging to the new
species, was discovered in Wyoming on United States
Bureau of Land Management (BLM) land in 1991 and
is housed in the collections of the Museum of The
Rockies in Bozeman, Montana. Previously thought to
belong to Allosaurus fragilis, "Big Al" was featured in
the BBC's 2001 "Walking with Dinosaurs: Ballad of
Big Al" video. Over the last 30 years, crews from
various museums have collected and prepared materials
of this new species. Other specimens include "Big Al
Two" at the Saurier Museum Aathal in Switzerland and
Allosaurus material from the Dry Mesa Quarry of
Colorado at Brigham Young University.

The species belongs to the allosauroids, a group of small
to large-bodied, two-legged carnivorous dinosaurs that
lived during the Jurassic and Cretaceous periods.
Allosaurus jimmadseni, possesses several unique
features, among them a short narrow skull with low
facial crests extending from the horns in front of the
eyes forward to the nose and a relatively narrow back of
the skull with a flat surface to the bottom of the skull
under the eyes. The skull was weaker with less of an
overlapping field of vision than its younger cousin
Allosaurus fragilis. Allosaurus jimmadseni evolved at
least 5 million years earlier than fragilis, and was the
most common and the top predator in its ecosystem. It
had relatively long legs and tail, and long arms with
three sharp claws. The name Allosaurus translates as
"different reptile," and the second part, jimmadseni,
honors Utah State Paleontologist James H. Madsen Jr.

Early Morrison Formation dinosaurs were replaced
by some of the most iconic dinosaurs of the Late
Jurassic
Allosaurus jimmadseni lived on the semi-arid Morrison
Formation floodplains of the interior of western North
America. The older rocks of the Morrison Formation
preserve a fauna of dinosaurs distinct from the iconic
younger Morrison Formation faunas that include
Allosaurus fragilis, Diplodocus and Stegosaurus.
Paleontologists have recently determined that
specimens of this new species of dinosaur lived in
several places throughout the western interior of North
America (Utah, Colorado and Wyoming).

Following an initial description by Othniel C. Marsh in
1877, Allosaurus quickly became the best known -indeed the quintessential -- Jurassic theropod. The
taxonomic composition of the genus has long been a
debate over the past 130 years. Paleontologists argue
6

the researchers to construct digital 3D models of the entire
fin of the fishapod Tiktaalik roseae and its relatives in the
Dinosaurs were the dominant members of terrestrial
fossil record for the first time. They could then use these
ecosystems during the Mesozoic. However, the pattern models to infer how the fins worked and changed as they
of evolution and turnover of ecosystems during the evolved into limbs.
middle Mesozoic remains poorly understood. The
authors report the discovery of the earliest member of Much of the research on fins during this key transitional
the group of large-bodied allosauroids in the Morrison stage focuses on the large, distinct bones and pieces of
Formation ecosystem that was replaced by Allosaurus cartilage that correspond to those of our upper arm,
fragilis and illustrate changes acquired in the genus over forearm, wrist, and digits. Known as the "endoskeleton,"
time. The study includes an in-depth description of researchers trace how these bones changed to become
recognizable arms, legs and fingers in tetrapods, or fourevery bone of the skull and comparisons with the cranial
legged creatures.
materials of other carnivorous dinosaurs. Finally, the
study recognizes just two species of Allosaurus in North The delicate rays and spines of a fish's fins form a second,
America with Allosaurus fragilis replacing its earlier no less important "dermal" skeleton, which was also
undergoing evolutionary changes in this period. These
relative Allosaurus jimmadseni.
pieces are often overlooked because they can fall apart
Journal Reference: Daniel J. Chure, Mark A. Loewen. when the animals are fossilized or because they are
Cranial anatomy of Allosaurus jimmadseni, a new removed intentionally by fossil preparators to reveal the
species from the lower part of the Morrison larger bones of the endoskeleton. Dermal rays form most
Formation (Upper Jurassic) of Western North of the surface area of many fish fins but were completely
America.
PeerJ,
2020;
8:
e7803
DOI: lost in the earliest creatures with limbs.
10.7717/peerj.7803
"We're trying to understand the general trends and
evolution of the dermal skeleton before all those other
How fish fins evolved just before the changes happened and fully-fledged limbs evolved," said
Thomas Stewart, PhD, a postdoctoral researcher who led
transition to land
the new study. "If you want to understand how animals
were evolving to use their fins in this part of history, this
ScienceDaily, December 31, 2019
is an important data set."
Source: University of Chicago Medical Center

Study summary

Seeing ancient fins in 3D
Stewart and his colleagues worked with three late
Devonian fishes with primitive features of tetrapods:
Sauripterus taylori, Eusthenopteron foordi and Tiktaalik
roseae, which was discovered in 2006 by a team led by
UChicago paleontologist Neil Shubin, PhD, the senior
author of the new study. Sauripterus and Eusthenopteron
were believed to have been fully aquatic and used their
pectoral fins for swimming, although they may have been
able to prop themselves up on the bottom of lakes and
streams. Tiktaalik may have been able to support most of
its weight with its fins and perhaps even used them to
Fossil cast of a fin from a juvenile Sauripterus taylori, a venture out of the water for short trips across shallows and
late Devonian fish with primitive features of tetrapods. mudflats.
(Image: Matt Wood)
"By seeing the entire fin of Tiktaalik we gain a clearer
Research on fossilized fish from the late Devonian period, picture of how it propped itself up and moved about. The
roughly 375 million years ago, details the evolution of fins fin had a kind of palm that could lie flush against the
as they began to transition into limbs fit for walking on muddy bottoms of rivers and streams," Shubin said.
land.
Stewart and Shubin worked with undergraduate student
The new study by paleontologists from the University of Ihna Yoo and Justin Lemberg, PhD, another researcher in
Chicago, published this week in the Proceedings of the Shubin's lab, to scan specimens of these fossils while they
National Academy of Sciences, uses CT scanning to were still encased in rock. Using imaging software, they
examine the shape and structure of fin rays while still then reconstructed 3D models that allowed them to move,
encased in surrounding rock. The imaging tools allowed
7

rotate and visualize the dermal skeleton as if it were
completely extracted from the surrounding material.

Earth formed much faster than
previously thought, new study shows

The models showed that the fin rays of these animals were
simplified, and the overall size of the fin web was smaller
than that of their fishier predecessors. Surprisingly, they
also saw that the top and bottom of the fins were becoming
asymmetric. Fin rays are actually formed by pairs of
bones. In Eusthenopteron, for example, the dorsal, or top,
fin ray was slightly larger and longer than the ventral, or
bottom one. Tiktaalik's dorsal rays were several times
larger than its ventral rays, suggesting that it had muscles
that extended on the underside of its fins, like the fleshy
base of the palm, to help support its weight.

ScienceDaily, February 20, 2020
Source: University of Copenhagen

"This provides further information that allows us to
understand how an animal like Tiktaalik was using its fins
in this transition," Stewart said. "Animals went from
swimming freely and using their fins to control the flow
of water around them, to becoming adapted to pushing off
against the surface at the bottom of the water."

Illustration of protoplanetary disk (stock image).
Credit: © Peter Jurik / Adobe Stock

Stewart and his colleagues also compared the dermal
skeletons of living fish like sturgeon and lungfish to
understand the patterns they were seeing in the fossils.
They saw some of the same asymmetrical differences
between the top and bottom of the fins, suggesting that
those changes played a larger role in the evolution of
fishes.

The precursor of our planet, the proto-Earth, formed
within a time span of approximately five million years,
shows a new study from the Centre for Star and Planet
Formation (StarPlan) at the Globe Institute at the
University of Copenhagen.

"That gives us more confidence and another data set to say On an astronomical scale, this is extremely fast, the
these patterns are real, widespread and important for
researchers explain. If you compare the solar system's
fishes, not just in the fossil record as it relates to the finestimated 4.6 billion years of existence with a 24-hour
to-limb transition, but the function of fins broadly."
period, the new results indicate that the proto-Earth
The study, "Dorsoventral asymmetry in the dermal rays of formed in what corresponds to about a minute and a
tetrapodomorph paired fins," was supported by the half.
Brinson Foundation, the Academy of Natural Sciences,
the University of Chicago Biological Sciences Division Thus, the results from StarPlan break with the
and the National Science Foundation. Additional authors traditional theory that the proto-Earth formed by
include Natalia Taft from the University of Wisconsin -- random collisions between larger and larger planetary
Parkside and Edward Daeschler from Drexel University. bodies throughout several tens of millions of years -equivalent to about 5-15 minutes out of the above[Related Multimedia: Image of fossil cast of a fin from a
mentioned fictional 24 hours of formation.
late Devonian fish with primitive features of tetrapods;
Instead, the new results support a more recent,
and CT scans of fossils]
alternative theory about the formation of planets
Journal Reference: Thomas A. Stewart, Justin B.
Lemberg, Natalia K. Taft, Ihna Yoo, Edward B. through the accretion of cosmic dust. The study's lead
Daeschler, Neil H. Shubin. Fin ray patterns at the fin- author, Associate Professor Martin Schiller, explains it
to-limb transition. Proceedings of the National Academy as follows:
of
Sciences,
2019;
10.1073/pnas.1915983117.

201915983

DOI: "The other idea is that we start from dust, essentially.
Millimeter-sized objects, all coming together, raining
down on the growing body and making the planet in one
go," he says, adding:

"Not only is this implication of the rapid formation of
the Earth interesting for our solar system. It is also
8

interesting to assess how likely it is for planets to form This means that also other planets may likely form
somewhere else in the galaxy."
much faster than if they grow solely from random
collisions between objects in space.
The bulk composition of the solar system
The key to the new finding came in the form of the most This assumption is corroborated by the thousands of
precise measurements of iron isotopes that have so far exoplanets -- planets in other solar systems -- that
astronomers have discovered since the mid-nineties,
been published scientifically.
explains Centre Leader and co-author of the study,
By studying the isotopic mixture of the metallic element Professor Martin Bizzarro:
in different meteorites, the researchers found only one
type of meteoritic material with a composition similar "Now we know that planet formation happens
everywhere. That we have generic mechanisms that
to Earth: The so-called CI chondrites.
work and make planetary systems. When we understand
The researchers behind the study describe the dust in these mechanisms in our own solar system, we might
this fragile type of meteorite as our best equivalent to make similar inferences about other planetary systems
the bulk composition of the solar system itself. It was in the galaxy. Including at which point and how often
dust like this combined with gas that was funneled via water is accreted," he says, adding:
a circumstellar accretion disk onto the growing Sun.
"If the theory of early planetary accretion really is
This process lasted about five million years and our correct, water is likely just a by-product of the
planets were made from material in this disk. Now, the formation of a planet like the Earth -- making the
researchers estimate that the proto-Earth's ferrous core ingredients of life, as we know it, more likely to be
also formed already during this period, removing early found elsewhere in the universe."
accreted iron from the mantle.
Journal Reference: Martin Schiller, Martin Bizzarro,
Two different iron compositions
Julien Siebert. Iron isotope evidence for very rapid
Other meteorites, for example from Mars, tell us that at accretion and differentiation of the proto-Earth.
the beginning the iron isotopic composition of material Science Advances, 2020; 6 (7): eaay7604 DOI:
contributing to the growing Earth was different – most 10.1126/sciadv.aay7604.
likely due to thermal processing of dust close to the
More rain and less snow means
young sun, the researchers from StarPlan explain.

increased flood risk

After our solar system's first few hundred thousands of
years it became cold enough for unprocessed CI dust
from farther out in the system to enter the accretion
region of the proto-Earth.

ScienceDaily, January 27, 2020
Source: Stanford's School of Earth, Energy &
Environmental Sciences

"This added CI dust overprinted the iron composition in
the Earth's mantle, which is only possible if most of the
previous iron was already removed into the core. That
is why the core formation must have happened early,"
Martin Schiller explains.

By analyzing more than two decades of data in the western
US, scientists have shown that flood sizes increase
exponentially as a higher fraction of precipitation falls as
rain, offering insight into how flood risks may change in a
warming world with less snow.

"If the Earth's formation was a random process where
you just smashed bodies together, you would never be
able to compare the iron composition of the Earth to
only one type of meteorite. You would get a mixture of
everything," he adds.

As the world warms and precipitation that would have
generated snowpack instead creates rain, the western U.S.
could see larger floods, according to new Stanford
research.

An analysis of over 400 watersheds from 1980 to 2016
shows that winter floods driven by rainfall can be more
Based on the evidence for the theory that planets form than 2.5 times as large as those driven by snowmelt. The
through the accretion of cosmic dust, the researchers researchers also found that flood sizes increase
believe that the same process may occur elsewhere in exponentially as a higher fraction of precipitation falls as
rain, meaning the size of floods increased at a faster rate
the universe.
than the increase in rain.

More planets, more water, perhaps more life
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The study, which appears in the January issue of Water
Resources Research, is particularly salient for people
planning infrastructure while taking global warming into
account. As Northern Californians saw during the Oroville
Dam crisis in 2017 when a spillway failure forced more
than 180,000 residents to evacuate, warm storms can pose
big problems.

early attempts to apply these econometric techniques to
hydrology.
"By using this econometric method, we can look at how
flooding has varied across the full range of historical
variability in each watershed," Davenport said. "This
allows us to identify patterns that may not yet be evident
in long-term flooding trends."

"The Oroville Dam crisis is a good example of how
existing infrastructure is already vulnerable to flooding,"
said lead author Frances Davenport, a PhD student in
Earth system science at Stanford's School of Earth, Energy
& Environmental Sciences (Stanford Earth). "These
results show that warming alone -- even without changes
in precipitation amounts -- could lead to changes in the
size of floods."

The results are useful to water managers thinking about
long-term flood risks, especially in areas expected to
experience warming and continued variability in the total
amount of precipitation, according to the researchers.
They were motivated to focus their analyses on the
western U.S. because the same dams and reservoirs used
to store water for the dry season also provide flood control
during the wet season, with snow playing an important
While it might seem obvious that a greater fraction of role in each.
precipitation falling as rain would cause bigger floods, the
"We've seen in recent years the real-time tension between
new research reveals that rainfall and flood size have a
keeping water in the reservoir so it can be used later in the
non-linear relationship. For example, a storm with 100
year, and letting it out so that there's space available to
percent rain has 25 percent more liquid precipitation than
prevent flooding from the next storm," said Diffenbaugh,
a storm with 80 percent rain, but the researchers found that
who is also the Kimmelman Family Senior Fellow at the
the average flood is 33 percent larger, meaning that the
Woods Institute for the Environment. "States like
floods grow at a faster rate than the increase in liquid
California are well aware that as the snow hydrology of
precipitation.
the western U.S. continues to change, the infrastructure
that was designed and built around the old climate of the
Future infrastructure needs
last century will continue to be pushed to its limits. Our
The results could inform management of reservoirs that
results shed new light on how rapidly planners can expect
not only secure the region's water supply but also provide
extreme runoff to intensify as precipitation becomes more
a buffer for flooding, according to senior author Noah
dominated by rain throughout the region."
Diffenbaugh, the Kara J. Foundation Professor at Stanford
Journal Reference: Frances V. Davenport, Julio E.
Earth.
Herrera‐Estrada, Marshall Burke, Noah S. Diffenbaugh.
"Planners are being asked to project forward what kind of
Flood Size Increases Nonlinearly Across the Western
conditions today's infrastructure will have to withstand in
United
States
in
Response
to
Lower
the coming years and decades," Diffenbaugh said. "Both
Snow‐Precipitation Ratios. Water Resources Research,
the shape and magnitude of our non-linear results have the
2020; 56 (1) DOI: 10.1029/2019WR025571.
potential to benefit planners in Western states that are
trying to integrate the changing nature of snow hydrology
Sinking sea mountains make and
into their decisions."

muffle earthquakes
The researchers evaluated 410 watersheds using daily
streamflow measurements from the U.S. Geological
ScienceDaily, March 2, 2020
Survey to identify the largest precipitation events and the
Source: University of Texas at Austin
time periods with the highest streamflow. They then
analyzed these events by comparing the amount of rain, Subduction zones -- places where one tectonic plate dives
snow and snowmelt leading up to and following each beneath another -- are where the world's largest and most
damaging earthquakes occur. A new study has found that
event.
when underwater mountains -- also known as seamounts
In collaboration with economist and co-author Marshall -- are pulled into subduction zones, not only do they set
Burke, an assistant professor of Earth system science, the the stage for these powerful quakes, but also create
researchers adapted methods from econometrics -- a conditions that end up dampening them.
branch of applied statistics -- to account for other
influences like soil characteristics, slope and land-use The findings mean that scientists should more carefully
change, in order to tease out the impact of precipitation monitor particular areas around a subducting seamount,
alone. According to the authors, the analysis is one of the researchers said. The practice could help scientists better
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understand and predict where future earthquakes are most The scientists are satisfied their model is robust because
likely to occur.
the earthquake behavior it predicts consistently matches
the behavior of real earthquakes. While the weakened rock
"The Earth ahead of the subducting seamount becomes
left in the wake of seamounts may dampen large
brittle, favoring powerful earthquakes while the material
earthquakes, the researchers believe that it could be an
behind it remains soft and weak, allowing stress to be
important factor in a type of earthquake known as a slow
released more gently," said co-author Demian Saffer,
slip event. These slow-motion quakes are unique because
director of the University of Texas Institute for
they can take days, weeks and even months to unfold.
Geophysics (UTIG), a research unit of The University of
Laura Wallace, a research scientist at UTIG and GNS
Texas at Austin Jackson School of Geosciences.
Science, who was the first to document New Zealand slow
The study was published on March 2 in Nature
slip events, said that the research was a demonstration of
Geoscience and was led by Tian Sun, who is currently a
how geological structures in the Earth's crust, such as
research scientist at the Geological Survey of Canada.
seamounts, could influence a whole spectrum of seismic
Other co-authors include Susan Ellis, a scientist at the
activity.
New Zealand research institute GNS Science. Saffer
supervised the project and was Sun's postdoctoral advisor "The predictions from the model agree very nicely with
at Penn State when they began the study.
what we are seeing in New Zealand in terms of where
small earthquakes and tremors are happening relative to
The researchers used a computer model to simulate what
the seamount," said Wallace, who was not part of the
happens when seamounts enter ocean trenches created by
current study.
subduction zones. According to the model, when a
seamount sinks into a trench, the ground ahead of it Sun believes that their investigations have helped address
becomes brittle, as its slow advance squeezes out water a knowledge gap about seamounts, but that research will
and compacts the Earth. But in its wake, the seamount benefit from more measurements. "We still need high
leaves a trail of softer wet sediment. The hard, brittle rock resolution geophysical imaging and offshore earthquake
can be a source for powerful earthquakes, as forces monitoring to better understand patterns of seismic
generated by the subducting plate build up in it -- but the activity," said Sun.
weakened, wet material behind the seamount creates an
The research was funded by the Seismogenesis at
opposite, dampening effect on these quakes and tremors.
Hikurangi Integrated Research Experiment (SHIRE), an
Although seamounts are found all over the ocean floor, the international project co-led by UT Austin to investigate
extraordinary depths at which subduction occurs means the origin of earthquakes in subduction zones.
that studying or imaging a subducting seamount is
The study was also supported by the National Science
extremely difficult. This is why until now, scientists were
Foundation, the New Zealand Ministry of Business,
not sure whether seamounts could affect the style and
Innovation and Employment, and GNS Science.
magnitude of subduction zone earthquakes.
Journal Reference: Tianhaozhe Sun, Demian Saffer,
The current research tackled the problem by creating a
Susan Ellis. Mechanical and hydrological effects of
realistic computer simulation of a subducting seamount
seamount subduction on megathrust stress and slip.
and measuring the effects on the surrounding rock and
Nature Geoscience, 2020; DOI: 10.1038/s41561-020sediment, including the complex interactions between
0542-0.
stresses in the Earth and fluid pressure in the surrounding
material. Getting realistic data for the model involved
Acid-loving microbe can improve
conducting experiments on rock samples collected from
subduction zones by scientific ocean drilling offshore
understanding of past climate
Japan.
ScienceDaily, February 10, 2020
The scientists said the model's results took them
Source: Dartmouth College
completely by surprise. They had expected water pressure
and stress to break up material at the head of the seamount Food and energy availability cause physical changes in
and thus weaken the rocks, not strengthen them.
acid-loving microorganisms that are used to study Earth's
"The seamount creates a feedback loop in the way fluids climate history, according to research from Dartmouth
get squeezed out and the mechanical response of the rock College. The finding that factors other than temperature
to changes fluid pressure," said Ellis, who co-developed can influence the membranes of single-celled archaea adds
to the complexity of paleoclimate studies which have
the numerical code at the heart of the study.
traditionally used the microbe's fossilized remains to
reconstruct past climate conditions.
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Archaea are one of three major domains of life alongside
bacteria and eukarya, the domain that includes animals
and plants. The research result, published in
Environmental Microbiology, can help resolve
disagreements in paleoclimate research and can support a
more detailed understanding of the planet's climate
systems.
"Biomarkers, like the fat molecules that make up the cell
membranes in our own bodies, can be powerful recorders
of the environment that can last for billions of years," said
William Leavitt, an assistant professor of earth sciences at
Dartmouth. "The motivation of this research was to better
explain how archaea respond to all major types of stress in
their environment, and how they record that stress in fat
molecules that last over geologic time."
Cell membranes are constructed from lipids that protect
cells from changes in their surroundings such as
temperature, acidity and the availability of food.
Fluctuations in those external conditions can cause the
organisms to change their membrane structure to aid in
survival.

Researchers placed the organism in a bioreactor with a
constant temperature of a scalding 80 degrees Celsius and
a pH level close to that of battery acid. By controlling the
amount of sugar available to the microbe, the team
demonstrated that food levels are directly linked to the
number of rings in the membrane.
"This bioreactor-based approach was unique because it
allowed us to fully isolate the effect of limiting sugar to
these microbes," said Alice Zhou, who served as first
author of the study while she was a graduate student at
Dartmouth. "This is different from the vast majority of
microbiology experiments that are conducted in closedsystem batch cultures, where multiple variables such as
solution chemistry and population size change over time
and confound results."
The research aims to help geologists and climatologists in
their efforts to fine-tune records of past sea surface
temperatures as they piece together portraits of Earth's
past climate.

"It's critical that we are as careful as possible when we
interpret the geological record. It is pretty rare that there is
Common ocean-dwelling archaea respond to shifts in just one factor at play. We need to understand all the
temperature by changing the "packing efficiency" of their parameters before we make big-picture projections," said
lipid membranes. The closeness of this side-to-side Leavitt.
packing between the individual lipids can be tuned by
According to the research team, the existing proxy that
adjusting the number of molecular rings in the lipids.
relies on data from archaeal membranes to determine past
Counting the number of rings in these preserved lipids
temperatures -- known as TEX86 -- is accurate in most sea
allows researchers to use ancient deposits of the
surface environments. However, there are noticeable
microorganisms to determine past ocean temperatures.
anomalies in places such as the polar regions where
While most research on archaeal membranes has focused temperatures predicted by TEX86 can disagree with actual
on species that live in lakes and oceans, the Dartmouth measurements.
researchers studied thermoacidophiles -- acid and heatBecause there are conditions under which the current
loving relatives that originally evolved in hot springs and
TEX86 proxy may lead to inconclusive results, it is hoped
thrive in some of Earth's most extreme environments.
that the research can help refine climate records where
Instead of studying how the microbe reacted to
disagreements exist.
temperature changes, the research team focused on the
According to the research, energy limitation is a common
effects of varying food and energy availability.
phenomenon that causes these microbes to alter the types
"The idea that access to food stimulates membrane
and structures of lipids produced. This research suggests
changes has recently been proposed in low-temperature
that the response in lipids to energy limitation may be
archaea that live in the ocean. This is the first
universal across archaea, and must therefore always be
demonstration that this effect occurs in high-temperature,
considered when evaluating what lipids recovered from
acid-loving microbes as well," said Leavitt, who served as
ancient sediments might be telling the research
the senior researcher on the study.
community.
The Dartmouth lab used a thermoacidophile called
Journal Reference: Alice Zhou, Yuki Weber, Beverly K.
Sulfolobus acidocaldarius for the experiments because of
Chiu, Felix J. Elling, Alec B. Cobban, Ann Pearson,
its close evolutionary relationship to ocean-dwelling
William D. Leavitt. Energy flux controls tetraether lipid
archaea and because it was common in extreme
cyclization in Sulfolobus acidocaldarius. Environmental
environments throughout much of the planet's past history,
Microbiology, 2019; 22 (1): 343 DOI: 10.1111/1462giving researchers a window into previous conditions on
2920.14851.
the planet. The microbe's rapid growth rate also makes it
useful in laboratory experimentation.
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(continued from Page 1)
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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