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MEETING ANNOUNCEMENT
DATE:

Wednesday, February 27, 2019

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

6:30 – 7:00 p.m.: Social; 7:00 p.m.: Presentation

SPEAKER:

Paul Renne, Director, Berkeley
Geochronology Center, and Professor,
UC, Berkeley Department of Earth and
Planetary Science

TOPIC:

“Flood Basalts and Mass Extinctions:
The Cretaceous/Paleogene Perspective”

Increasingly precise and accurate geochronology is building an
increasingly strong circumstantial case for causal linkage between
flood basalt events and Earth’s major mass extinctions. The specific
mechanisms for the linkage are probably climate changes induced by
magmatic gas emissions. The Cretaceous/Paleogene (K/P) extinctions,
among the most severe in Phanerozoic history, occurred during the
eruption of the Deccan Traps in what is now the Indian subcontinent.
The peak K/P extinction also coincided precisely with the Chicxulub
bolide impact, the only major mass extinction clearly linked to such an
event. Earth scientists have puzzled over the apparent temporal
coincidence of these three catastrophic phenomena. A recent
hypothesis proposes that the impact triggered an acceleration of the
Traps volcanism, thus both contributed to the extinction. New data
supporting this hypothesis will be presented.
Biography
Paul Renne is the Director of the Berkeley Geochronology Center and
a Professor in Residence at U.C. Berkeley’s Department of Earth and
Planetary Science. Renne received his A.B. (1982) and Ph.D. (1987) at
UC Berkeley, followed by a postdoctoral fellowship at Princeton, and
returned to Berkeley in 1990 to assume directorship of the Institute of
Human Origins Geochronology Center. He co-founded the Berkeley
Geochronology Center in 1994 and joined the UC Berkeley faculty in
1995. Renne’s research emphasizes the causes and effects of massive
volcanism, mass extinctions, and human evolution. He is a specialist in
40Ar/39Ar dating and paleomagnetism. He has coauthored more than
280 refereed papers. Renne is a Fellow of the Geological Society of
America, the American Geophysical Union, (continued on last page)
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NCGS 2018 – 2019 Calendar

field
trip,
please
let
Will
Schweller
(willschweller@yahoo.com) know about it so that we
can evaluate it for a future NCGS trip.

March 27, 2019
7:00 pm
Dr. Sara Kelly McBride, USGS
Science to Emergency Management Response:
Kaikoura New Zealand Earthquakes 2016

The Seventy-Fifth Anniversary of the
Northern California Geological Society
Yes, it has 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 targeting the end of the calendar
year for the release The Geology of Mount Diablo in
a special publication of the U.S. Geological Survey.
Also this year, we plan to run several field trips on
and near the mountain, and will keep you posted on
those opportunities. Other ways to participate and/or
re-connect with your fellow members are to attend
any or all of our upcoming meetings for which we
have some very notable speakers slated, and to assist
at any of our outreach opportunities, where you can
meet and encourage the next generation of geologists
and their parents!

April 24, 2019
7:00 pm
Dr. Owen Anfinson (tentative), Sonoma State U.
Using detrital zircon to reconstruct the origin of the
Salinian Block
May 29, 2019
Dinner meeting
6:00 pm
Dr. Tanya Atwater, Prof. Emeritus, UC, Santa Barbara
Topic to be announced
June 26, 2019
7:00 pm
Dr. Jonathan Lilien, Chevron
Environmental Aspects of Oil & Gas Production in
California

New Paper on Geology of San Francisco
Available on Association of Environmental &
Engineering Geologists Website

Richard Chambers Memorial
Scholarships

A new paper has been issued as part of the Association
of Environmental & Engineering Geologists (AEG),
Geology of the Cities of the World Series. The paper is
titled “Geology of San Francisco, California, United
States of America,” and can be downloaded for free at
https://www.aegweb.org/.

The Northern California Geological Society has
awarded two $1,000 scholarships to students pursuing
advanced degrees during the 2018-2019 Academic
Year. These scholarships are funded from the Richard
Chambers Memorial Scholarship fund and other
donations. The RCMS was established from a bequest
that Mr. Chambers made to the NCGS several years
ago. Scholarships are awarded each academic year.
Awardees are chosen from applicants who submit an
application that describes their proposed thesis research
projects on some aspect of the Earth Sciences or
Environmental Earth Sciences in northern California.

This paper summarizes the geologic history of the San
Francisco Bay Area and the engineering characteristics
of geologic units, geologic hazards, water resources,
infrastructure development, environmental issues, and
geologic issues associated with major engineering
structures built in San Francisco.
The paper was recently released to coincide with the
September 2018 Annual Meeting of AEG and the
International AEG in San Francisco. Kenneth A.
Johnson and Greg W. Bartow co-edited the 189-page
paper.

Students receiving the Richard Chambers Memorial
Scholarship this year are:
Angela Fiorito is a student at California State
University, Chico. Her research is on the
“Biostratigraphy of the Triassic Hosselkus
Limestone, Shasta County, California”. She plans
on producing a field structural map through
biostratigraphy using fossils and conodonts to identify
folds, overturned folds and faults. Her advisor is Dr.
Russell Shapiro.

NCGS Field Trips
Starting the spring, we plan to hold several 2019 trips
on or near Mount Diablo, to focus on and coordinate
with our 75th anniversary GSA volume on its geology.
Watch for announcements.
We are always looking for new field trip
opportunities. If you go on or hear about an interesting

Mariah Romero is a student at Montana State
University. Her research is “…to determine the
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generally held at 8:30 am on a Saturday in January,
May, and September, and are open to all NCGS
members. Please contact Greg Bartow if you would
like to attend, at gregbartow@yahoo,com.

geologic evolution of the basal Great Valley forearc
basin in California. The main questions I aim to
answer with this research project are: (1) When did
sedimentation of the forearc begin and (2) What is the
temporal and structural relationship between the
forearc and its underlying basement? (3) Using detrital
zircon geochronology, can we use provenance of
sediment to determine the original location of the GVF
relative to the western margin of North America during
the onset of revised sedimentation?” Her advisor is Dr.
Devon A. Orme.

NCGS Outreach Activities
The first outreach event of the year will be March 1-3,
at the Mineral and Gem Society of Castro Valley
Annual Show. If you would like to volunteer for this
event, please contact Mark Petrofsky at
mpetrof@hotmail.com.

NCGS members serving on the RCMS committee this
year were Phillip Garbutt (chair), Paul Henshaw, Tom
MacKinnon and Don Lewis.

Here is the event info page:
http://www.mgscv.org/show.html

NCGS’s Teacher of the Year Award

USGS Evening Public Lecture Series

NCGS is pleased to announce the winner of our 201819 Geoscience Teacher of the Year Award.

The USGS evening public lecture series events are
free and are intended for a general public audience
that may not be familiar with the science being
discussed. Monthly lectures are usually scheduled
for the last Thursday of the month throughout the
year. The February lecture has been cancelled due to
uncertainty in federal appropriations. For more
information on the lectures, and for a map of the
location, go to: https://online.wr.usgs.gov/calendar/.

Mikko Michael Bojarskyis (M.S.) teaches high school
Geoscience at Credo High School in Rohnert Park, CA.
As has become more common today, Mikko combines
"Earth Sciences" with planetary science and
astronomy. His courses include units on plate tectonics,
geophysics, mineralogy, structural and stratigraphic
geology, through lectures, labs and field trips.
We look forward to strengthening our relationship to
Mikko and his students.

NCGS Member Registration
A quick reminder:
Have you updated your
membership by sending in your registration form and
fee? See page 13 for a blank registration form, and
mail it in as indicated, or drop it off with Barbara at
the check-in desk at the next meeting.

Check out our updated NCGS Website at
http://ncgeolsoc.org/. We have posted many older field
trip guidebooks for free download, 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.

Nepal earthquake: Waiting for the
complete rupture
ScienceDaily, January 16, 2019

UC Berkeley Earth & Planetary
Science Weekly Seminar Series
Interesting seminars are presented at 141 McCone Hall
(usually) on Thursdays at 4 pm for most of the academic
year, from late August through early May.
For an updated list of seminars, go to
http://eps.berkeley.edu/events/seminars.

Where plates collide: The main frontal thrust (red line)
extends over the entire length of the Himalayas.

NCGS members are invited our next Board of
Directors meeting, on April 27 at the APTIM office
at 4005 Port Chicago Highway. Board meetings are

Credit: NASA Earth Observatory
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In April 2015, Nepal -- and especially the region
around the capital city, Kathmandu -- was struck by a
powerful tremor. An earthquake with a magnitude of
7.8 destroyed entire villages, traffic routes and cultural
monuments, with a death toll of some 9,000.

earthquake in 1950 had a magnitude of 8.6, with the
rupture zone breaking over a length of several hundred
kilometres and across the entire depth range. In 1505, a
giant earthquake struck with sufficient power to
produce an approximately 800-kilometre rupture on the
major Himalayan fault. "The new model reveals that
powerful earthquakes in the Himalayas have not just
one form but at least two, and that their cycles partially
overlap," says Edi Kissling, Professor of Seismology
and Geodynamics. Super earthquakes might occur with
a periodicity of 400 to 600 years, whereas "mediumsized" quakes such as Gorkha have a recurrence time
of up to a few hundred years. As the cycles overlap, the
researchers expect powerful and dangerous
earthquakes to occur at irregular intervals.

However, the country may still face the threat of much
stronger earthquakes with a magnitude of 8 or more.
This is the conclusion reached by a group of earth
scientists from ETH Zurich based on a new model of
the collision zone between the Indian and Eurasian
Plates in the vicinity of the Himalayas.
Using this model, the team of ETH researchers working
with doctoral student Luca Dal Zilio, from the group
led by Professor Taras Gerya at the Institute of
Geophysics, has now performed the first highresolution simulations of earthquake cycles in a crosssection of the rupture zone.

However, they cannot predict when another extremely
large quake will next take place. "No one can predict
earthquakes, not even with the new model. However,
we can improve our understanding of the seismic
hazard in a specific area and take appropriate
precautions," says Kissling.

"In the 2015 quake, there was only a partial rupture of
the major Himalayan fault separating the two
continental plates. The frontal, near-surface section of
the rupture zone, where the Indian Plate subducts
beneath the Eurasian Plate, did not slip and remains
under stress," explains Dal Zilio, lead author of the
study, which was recently published in the journal
Nature Communications.

The two-dimensional and high-resolution model also
includes some research findings that were published
after the Gorkha earthquake. To generate the
simulations, the researchers used the Euler mainframe
computer at ETH Zurich. "A three-dimensional model
would be more accurate and would also allow us to
make statements about the western and eastern fringes
of the Himalayas. However, modelling the entire 2,000
kilometres of the rupture zone would require enormous
computational power," says Dal Zilio.

Normally, a major earthquake releases almost all the
stress that has built up in the vicinity of the focus as a
result of displacement of the plates. "Our model shows
that, although the Gorkha earthquake reduced the stress
level in part of the rupture zone, tension actually
increased in the frontal section close to the foot of the
Himalayas. The apparent paradox is that 'mediumsized' earthquakes such as Gorkha can create the
conditions for an even larger earthquake," says Dal
Zilio.

Journal Reference: Luca Dal Zilio, Ylona van
Dinther, Taras Gerya, Jean-Philippe Avouac. Bimodal
seismicity in the Himalaya controlled by fault friction
and geometry. Nature Communications, 2019; 10 (1)
DOI: 10.1038/s41467-018-07874-8.

Tremors of the magnitude of the Gorkha earthquake
release stress only in the deeper subsections of the fault
system over lengths of 100 kilometres. In turn, new and
even greater stress builds up in the near-surface
sections of the rupture zone.

Earth's largest extinction event
likely took plants first
ScienceDaily, January 31, 2019

According to the simulations performed by Dal Zilio
and his colleagues, two or three further Gorkha quakes
would be needed to build up sufficient stress for an
earthquake with a magnitude of 8.1 or more. In a quake
of this kind, the rupture zone breaks over the entire
depth range, extending up to the Earth's surface and
laterally -- along the Himalayan arc -- for hundreds of
kilometres. This ultimately leads to a complete stress
release in this segment of the fault system, which
extends to some 2,000 kilometres in total.

Little life could endure the Earth-spanning cataclysm
known as the Great Dying, but plants may have
suffered its wrath long before many animal
counterparts, says new research led by the University
of Nebraska-Lincoln.
About 252 million years ago, with the planet's
continental crust mashed into the supercontinent called
Pangaea, volcanoes in modern-day Siberia began
erupting. Spewing carbon and methane into the
atmosphere for roughly 2 million years, the eruption
helped extinguish about 96 percent of oceanic life and

Historical data shows that mega events of this kind
have also occurred in the past. For example, the Assam
4

70 percent of land-based vertebrates -- the largest
extinction event in Earth's history.

Frank said the emerging similarities -- especially the
spikes in greenhouse gases and continuous
disappearance of species -- make it a lesson worth
studying.

Yet the new study suggests that a byproduct of the
eruption -- nickel -- may have driven some Australian
plant life to extinction nearly 400,000 years before
most marine species perished. "That's big news," said
lead author Christopher Fielding, professor of Earth
and atmospheric sciences. "People have hinted at that,
but nobody's previously pinned it down. Now we have
a timeline."

"Looking back at these events in Earth's history is
useful because it lets us see what's possible," she said.
"How has the Earth's system been perturbed in the past?
What happened where? How fast were the changes? It
gives us a foundation to work from -- a context for
what's happening now."

The researchers reached the conclusion by studying
fossilized pollen, the chemical composition and age of
rock, and the layering of sediment on the southeastern
cliffsides of Australia. There they discovered
surprisingly high concentrations of nickel in the
Sydney Basin's mud-rock -- surprising because there
are no local sources of the element.

The researchers detailed their findings in the journal
Nature Communications. Fielding and Frank authored
the study with Allen Tevyaw, graduate student in
geosciences at Nebraska; Stephen McLoughlin, Vivi
Vajda and Chris Mays from the Swedish Museum of
Natural History; Arne Winguth and Cornelia Winguth
from the University of Texas at Arlington; Robert
Nicoll of Geoscience Australia; Malcolm Bocking of
Bocking Associates; and James Crowley of Boise State
University.

Tracy Frank, professor and chair of Earth and
atmospheric sciences, said the finding points to the
eruption of lava through nickel deposits in Siberia. That
volcanism could have converted the nickel into an
aerosol that drifted thousands of miles southward
before descending on, and poisoning, much of the plant
life there. Similar spikes in nickel have been recorded
in other parts of the world, she said.

The National Science Foundation and the Swedish
Research Council funded the team's work.
Journal Reference: Christopher R. Fielding, Tracy D.
Frank, Stephen McLoughlin, Vivi Vajda, Chris Mays,
Allen P. Tevyaw, Arne Winguth, Cornelia Winguth,
Robert S. Nicoll, Malcolm Bocking, James L. Crowley.
Age and pattern of the southern high-latitude
continental end-Permian extinction constrained by
multiproxy analysis. Nature Communications, 2019;
10 (1) DOI: 10.1038/s41467-018-07934-z.

"So it was a combination of circumstances," Fielding
said. "And that's a recurring theme through all five of
the major mass extinctions in Earth's history."
If true, the phenomenon may have triggered a series of
others: herbivores dying from the lack of plants,
carnivores dying from a lack of herbivores, and toxic
sediment eventually flushing into seas already reeling
from rising carbon dioxide, acidification and
temperatures.

How predatory plankton created
modern ecosystems after 'Snowball
Earth'

'It Lets Us See What's Possible'

ScienceDaily, February 1, 2019

One of three married couples on the research team,
Fielding and Frank also found evidence for another
surprise. Much of the previous research into the Great
Dying -- often conducted at sites now near the equator
-- has unearthed abrupt coloration changes in sediment
deposited during that span.

Around 635 to 720 million years ago, during Earth's
most severe glacial period, Earth was twice almost
completely covered by ice, according to current
hypotheses. The question of how life survived these
'Snowball Earth' glaciations, lasting up to about 50
million years, has puzzled scientists for many decades.
An international team, led by Dutch and German
researchers of the Max Planck Society, now found the
first detailed glimpse of life after the 'Snowball' in the
form of newly discovered ancient molecules, buried in
old rocks.

Shifts from grey to red sediment generally indicate that
the volcanism's ejection of ash and greenhouse gases
altered the world's climate in major ways, the
researchers said. Yet that grey-red gradient is much
more gradual at the Sydney Basin, Fielding said,
suggesting that its distance from the eruption initially
helped buffer it against the intense rises in temperature
and aridity found elsewhere.

"All higher animal life forms, including us humans,
produce cholesterol. Algae and bacteria produce their
own characteristic fat molecules," says first author
Lennart van Maldegem from Max Planck Institute
(MPI) for Biogeochemistry, who recently moved to the

Though the time scale and magnitude of the Great
Dying exceeded the planet's current ecological crises,
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Australian National University in Canberra, Australia.
"Such fat molecules can survive in rocks for millions
of years, as the oldest (chemical) remnants of
organisms, and tell us now what type of life thrived in
the former oceans long ago."

glaciation, is a big deal for the science community.
"Parallel to the occurrence of the enigmatic BNG
molecule we observe the transition from a world whose
oceans contained virtually only bacteria, to a more
modern Earth system containing many more algae. We
think that massive predation helped to 'clear' out the
bacteria-dominated oceans and make space for algae,"
says van Maldegem. The resulting more complex
feeding networks provided the dietary requirements for
larger, more intricate lifeforms to evolve -- including
the lineages that all animals, and eventually we
humans, derive from. The massive onset of predation
probably played a crucial role in the transformation of
our planet and its ecosystems to its present state.

But the fossil fats the researchers recently discovered
in Brazilian rocks, deposited just after the last Snowball
glaciation, were not what they suspected. "Absolutely
not," says team-leader Christian Hallmann from MPI
for Biogeochemistry. "We were completely puzzled,
because these molecules looked quite different from
what we've ever seen before!"
Using sophisticated separation techniques, the team
managed to purify minuscule amounts of the
mysterious molecule and identify its structure by
nuclear magnetic resonance in the NMR department of
Christian Griesinger at Max Planck Institute for
Biophysical Chemistry. "This is highly remarkable
itself," according to Klaus Wolkenstein from MPI for
Biophysical Chemistry and the Geoscience Centre of
the University of Göttingen. "Never has a structure
been elucidated with such a small amount of such an
old molecule." The structure was chemically identified
as 25,28-bisnorgammacerane -- abbreviated as BNG,
as van Maldegem suggests.

Journal Reference: Lennart M. van Maldegem, Pierre
Sansjofre, Johan W. H. Weijers, Klaus Wolkenstein,
Paul K. Strother, Lars Wörmer, Jens Hefter, Benjamin
J. Nettersheim, Yosuke Hoshino, Stefan Schouten, Jaap
S. Sinninghe Damsté, Nilamoni Nath, Christian
Griesinger, Nikolay B. Kuznetsov, Marcel Elie,
Marcus Elvert, Erik Tegelaar, Gerd Gleixner, Christian
Hallmann. Bisnorgammacerane traces predatory
pressure and the persistent rise of algal ecosystems
after Snowball Earth. Nature Communications, 2019;
10 (1) DOI: 10.1038/s41467-019-08306-x.

Fossil fats most likely from heterotropic plankton

Earth's continental nurseries
discovered beneath mountains

Yet the origin of the compound remained enigmatic.
"We of course looked if we could find it elsewhere,"
says van Maldegem, who then studied hundreds of
ancient rock samples, with rather surprising success.
"In particular the Grand Canyon rocks really were an
eye-opener," says Hallmann. Although nowadays
mostly sweltering hot, these rocks had also been buried
under kilometres of glacial ice around 700 million
years ago. Detailed additional analyses of molecules in
Grand Canyon rocks -- including presumed BNGprecursors, the distribution of steroids and stable
carbon isotopic patterns -- led the authors to conclude
that the new BNG molecule most likely derives from
heterotrophic plankton, marine microbes that rely on
consuming other organisms for gaining energy.
"Unlike for example green algae that engage in
photosynthesis and thus belong to autotrophic
organisms, these heterotrophic microorganisms were
true predators that gained energy by hunting and
devouring other algae and bacteria," according to van
Maldegem.

Continent origins revealed in search for
missing niobium
ScienceDaily, January 29, 2019

Predatory species create room for algae and other
plankton
The central Andes Mountains and surrounding
landscape, as seen in this true-color image from
NASA’s Terra spacecraft, formed over the past 170
million years as the Nazca Plate lying under the Pacific

While predation is common amongst plankton in
modern oceans, the discovery that it was so prominent
635 million years ago, exactly after the Snowball Earth
6

Ocean has forced its way under the South American
Plate.
Credit: NASA

department chair, said it's no coincidence that Earth is
the only rocky planet known to have both continents
and life.

In his free time last summer, Rice University
geoscientist Ming Tang made a habit of comparing the
niobium content in various rocks in a global minerals
database. What he found was worth skipping a few
nights out with friends.

"Every day we live on continents, and we take most of
our resources from continents," Lee said. "We have
oxygen in the air to breath and just the right
temperature to support complex life. These things are
so common that we take them for granted, but Earth
didn't start off with these conditions. They developed
later in Earth's history. And the emergence of
continents is one of the things that shaped our planet
and made it more livable."

In a paper published this month by Nature
Communications, Tang, Rice petrologist Cin-Ty Lee
and colleagues offered an answer to one of Earth
science's fundamental questions: Where do continents
form?

Scientists still lack details about how continents got
their start and how they grew to cover 30 percent of
Earth's surface, but one big clue relates to niobium and
tantalum, the geochemical twins.

"If our conclusions are correct, every piece of land that
we are now sitting on got its start someplace like the
Andes or Tibet, with very mountainous surfaces," said
Tang, lead author of the study and a postdoctoral
research associate in Rice's Department of Earth,
Environmental and Planetary Sciences (EEPS).
"Today, most places are flat because that is the stable
stage of the continental crust. But what we found was
that when the crust formed, it had to start out with
mountain-building processes."

"On average, the rocks in continental crust have about
20 percent less niobium than they should compared to
the rock we see everywhere else," Tang said. "We
believe this missing niobium is tied to the mystery of
continents. By solving or finding the missing niobium,
we can get important information about how continents
form."

The connection between niobium, one of Earth's rarest
elements, and continent formation is a story that plays
out over billions of years at scales as small as molecules
and as large as mountain ranges. The leading players
are niobium and tantalum, rare metals so alike that
geologists often think of them as twins.

Geologists have known about the imbalance for
decades. And it certainly suggests that the geochemical
processes that produce continental crust also remove
niobium. But where was the missing niobium?
That nagging question prompted Tang to spend his free
time perusing records in the Max Planck Institute's
GEOROC database, a comprehensive global collection
of published analyses of volcanic rocks.

"They have very similar chemical properties and
behave almost identically in most geological
processes," Tang said. "If you measure tantalum and
niobium, you find that their ratio is nearly constant in
Earth's mantle. That means that when you find more
niobium in a rock, you will find more tantalum, and
when you find less niobium, you will find less
tantalum."

Based on those searches and months of follow-up tests,
Tang, Lee and colleagues offer the first physical
evidence that "arclogites" (pronounced ARC-loh-jyts)
are responsible for the missing niobium. Arclogites are
cumulates, the leftover dross that accumulates near the
base of continental arcs. On rare occasions, chunks of
these cumulates erupt onto the surface from volcanos.

The mantle is Earth's thickest layer, spanning about
1,800 miles between the planet's core and its thin outer
crust. Earth scientists believe that little, if anything,
moves between the mantle and core, but the mantle and
everything above it -- seafloor, oceans, continents and
atmosphere -- are connected, and many of the atoms on
Earth's surface today, including the atoms in humans
and other living things, have cycled through the mantle
one or more times in Earth's 4.6 billion years.

The Rice group first sent arclogite samples that Lee had
collected in Arizona to their collaborator, Kang Chen,
a research fellow based at the China University of
Geosciences in Wuhan. Chen spent a month getting
precise readings of the relative amounts of niobium and
tantalum in the samples. The rocks were created when
the High Sierras were an active continental arc, like the
Andes today.

The rocks in continents are an exception. Geologists
have found some that are up to 4 billion years old,
which means they were formed near the surface and
stayed on the surface, without being recycled into the
mantle. That's due in part to the nature of continental
crust, which is far less dense than the basaltic rocks
beneath Earth's oceans. Lee, professor and EEPS

Chen's tests confirmed high niobium-tantalum ratios,
but to better understand the mechanism by which this
signature was developed, Tang and Lee used high
precision laser ablation and "inductively coupled
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plasma mass spectrometry" in Lee's laboratory at Rice
to reveal the mineral rutile was responsible.

The 210-million-year-old Smok was
crushing bones like a hyena

"Rutile is the mineral that hosts the niobium," he said.
"It's a naturally occurring form of titanium oxide, and
it is what actually 'sees' the difference between niobium
and tantalum and captures one more than the other."

ScienceDaily, January 30, 2019

But that happens only under specific conditions. For
example, Tang said that at temperatures above 1,000
degrees Celsius, rutile traps normal ratios of tantalum
and niobium. It only begins to prefer niobium when
temperatures drop below 1,000 degrees Celsius. Tang
said the only known place with that set of conditions is
deep beneath continental arcs, like the Andes today or
the High Sierras about 80 million years ago.
"The reason you need high pressure is that titanium
oxide is relatively rare," he said. "You need very high
pressure to force it to crystalize and fall out of the
magma."
In an earlier arclogite study published in Science
Advances last May, Tang and Lee discovered a subtle
chemical signature that can explain why continental
crust is iron-depleted. Lee said that finding and the
discovery about rutile and niobium illustrate the central
importance of continental arcs in Earth history.

Coprolites, or fossil droppings, of the dinosaur-like
archosaur Smok wawelski contain lots of chewed-up
bone fragments. This led researchers at Uppsala
University to conclude that this top predator was
exploiting bones for salt and marrow, a behavior often
linked to mammals but seldom to archosaurs.

"Continental arcs are like a magic system that links
everything together, from climate and oxygen
concentrations in the atmosphere to ore deposits," Lee
said. "They're a sink for carbon dioxide after they die.
They can drive greenhouse or icehouse, and they are
the building blocks of continents."

Credit: Martin Qvarnström
Most predatory dinosaurs used their blade-like teeth to
feed on the flesh of their prey, but they are commonly
not thought to be much of bone crushers. The major
exception is seen in the large tyrannosaurids, such as
Tyrannosaurus rex, that roamed North America toward
the end of the age of dinosaurs. The tyrannosaurids are
thought to have been osteophagous (voluntarily
exploiting bone) based on findings of bone-rich
coprolites, bite-marked bones, and their robust teeth
being commonly worn.

Journal Reference: Ming Tang, Cin-Ty A. Lee, Kang
Chen, Monica Erdman, Gelu Costin, Hehe Jiang.
Nb/Ta systematics in arc magma differentiation and the
role of arclogites in continent formation. Nature
Communications, 2019; 10 (1) DOI: 10.1038/s41467018-08198-3.

In a study published in Scientific Reports, researchers
from Uppsala University were able to link ten large
coprolites to Smok wawelski, a top predator of a Late
Triassic (210 million year old) assemblage unearthed
in Poland. This bipedal, 5-6 meters long animal lived
some 140 million years before the tyrannosaurids of
North America and had a T. rex-like appearance,
although it is not fully clear whether it was a true
dinosaur or a dinosaur-like precursor.
Three of the coprolites were scanned using synchrotron
microtomography. This method has just recently been
applied to coprolites and works somewhat like a CT
scanner in a hospital, with the difference that the energy
in the x-ray beams is much stronger. This makes it
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possible to visualize internal structures in fossils in
three dimensions.

As for the first, clouds form when wind rises and cools.
However, cloud composition is largely determined by
aerosols. The more aerosol particles a shallow cloud
contains, the more small water droplets it will hold.
Rain happens when these droplets bind together. Since
it takes longer for small droplets to bind together than
it does for large droplets, aerosol-filled or "polluted"
clouds contain more water, live in the sky longer (while
they wait for droplets to bind and rain to fall, after
which the clouds will dissipate) and cover a greater
area. All the while, the aerosol-laden clouds reflect
more solar energy back into space, thereby cooling the
Earth's overall temperature.

The coprolites were shown to contain up to 50 percent
of bones from prey animals such as large amphibians
and juvenile dicynodonts. Several crushed serrated
teeth, probably belonging to the coprolite producer
itself, were also found in the coprolites. This means that
the teeth were repeatedly crushed against the hard food
items (and involuntarily ingested) and replaced by new
ones.
Further evidence for a bone-crushing behaviour can
also be found in the fossils from the same bone beds in
Poland. These include worn teeth and bone-rich fossil
regurgitates from Smok wawelski, as well as numerous
crushed or bite-marked bones.

To what extent do aerosols cool down our
environment? To date, all estimates were unreliable
because it was impossible to separate the effects of
rising winds which create the clouds, from the effects
of aerosols which determine their composition. Until
now.

Several of the anatomical characters related to
osteophagy, such as a massive head and robust body,
seem to be shared by S. wawelski and the
tyrannosaurids, despite them being distantly related
and living 140 million years apart. These large
predators therefore seem to provide evidence of similar
feeding adaptations being independently acquired at
the beginning and end of the age of dinosaurs.

Rosenfeld and his colleague Yannian Zhu from the
Meteorological Institute of Shaanxi Province in China
developed a new method that uses satellite images to
separately calculate the effect of vertical winds and
aerosol cloud droplet numbers. They applied this
methodology to low-lying cloud cover above the
world's oceans between the Equator and 40S. With this
new method, Rosenfeld and his colleagues were able to
more accurately calculate aerosols' cooling effects on
the Earth's energy budget. And, they discovered that
aerosols' cooling effect is nearly twice higher than
previously thought.

Journal Reference: Martin Qvarnström, Per E.
Ahlberg, Grzegorz Niedźwiedzki. Tyrannosaurid-like
osteophagy by a Triassic archosaur. Scientific Reports,
2019; 9 (1) DOI: 10.1038/s41598-018-37540-4.

We need to rethink everything we
know about global warming

However, if this is true then how come the earth is
getting warmer, not cooler? For all of the global
attention on climate warming, aerosol pollution rates
from vehicles, agriculture and power plants is still very
high. For Rosenfeld, this discrepancy might point to an
ever deeper and more troubling reality. "If the aerosols
indeed cause a greater cooling effect than previously
estimated, then the warming effect of the greenhouse
gases has also been larger than we thought, enabling
greenhouse gas emissions to overcome the cooling
effect of aerosols and points to a greater amount of
global warming than we previously thought," he
shared.

New calculations show scientists have grossly
underestimated the effects of air pollution
ScienceDaily, January 22, 2019
For a while now, the scientific community has known
that global warming is caused by humanmade
emissions in the form of greenhouse gases and global
cooling by air pollution in the form of aerosols.
However, new research published in Science by
Hebrew University of Jerusalem Professor Daniel
Rosenfeld shows that the degree to which aerosols cool
the earth has been grossly underestimated,
necessitating a recalculation of climate change models
to more accurately predict the pace of global warming.

The fact that our planet is getting warmer even though
aerosols are cooling it down at higher rates than
previously thought brings us to a Catch-22 situation:
Global efforts to improve air quality by developing
cleaner fuels and burning less coal could end up
harming our planet by reducing the number of aerosols
in the atmosphere, and by doing so, diminishing
aerosols' cooling ability to offset global warming.

Aerosols are tiny particles that float in the air. They can
form naturally (e.g., desert dust) or artificially (e.g.,
smoke from coal, car exhaust). Aerosols cool our
environment by enhancing cloud cover that reflect the
sunlight (heat) back to space.
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According to Rosenfeld, another hypothesis to explain
why Earth is getting warmer even though aerosols have
been cooling it down at an even a greater rate is a
possible warming effect of aerosols when they lodge in
deep clouds, meaning those 10 kilometers or more
above the Earth. Israel's Space Agency and France's
National Centre for Space Studies (CNES) have
teamed up to develop new satellites that will be able to
investigate this deep cloud phenomenon, with
Professor Rosenfeld as its principal investigator.

Image credit: Debra Hausladen and Scott Fendorf
When Erin Brockovich sued a major utility company in
the 1990s for contaminating drinking water with
hexavalent chromium, a toxic and carcinogenic metal,
national attention turned to California. Now
researchers have determined that natural sources of the
element may be geographically more important when it
comes to the state's groundwater management.
In a study that appeared online June 27 in
Environmental Science & Technology, Stanford
scientists used a statewide groundwater database and a
new means of tracing sources to identify wells
containing hexavalent chromium from industry versus
those that became contaminated from naturally
occurring sources -- some of which may also have
resulted from human activity.

Either way, the conclusion is the same. Our current
global climate predictions do not correctly take into
account the significant effects of aerosols on clouds on
Earth's overall energy balance. Further, Rosenfeld's
recalculations mean fellow scientists will have to
rethink their global warming predictions -- which
currently predict a 1.5 to 4.5-degree Celsius
temperature increase by the end of the 21st century -to provide us a more accurate diagnosis -- and
prognosis -- of the Earth's climate.

The research found that naturally occurring chromium
affects a larger area, more wells and a larger population
throughout California than industrial sources, offering
a new perspective on how California's groundwater
resources should be managed.

Journal Reference: Daniel Rosenfeld, Yannian Zhu,
Minghuai Wang, Youtong Zheng, Tom Goren, Shaocai
Yu. Aerosol-driven droplet concentrations dominate
coverage and water of oceanic low level clouds.
Science,
2019;
eaav0566
DOI:
10.1126/science.aav0566.

"While the highest concentrations of chromium in any
single well are clearly from industrial leaks, the greatest
number of wells and the largest geographic distribution
are all from this naturally occurring chromium," said
co-author Scott Fendorf, the Huffington Family
Professor in Earth system science at the School of
Earth, Energy & Environmental Sciences (Stanford
Earth). "As we continue to push the need to use and
manage groundwater, understanding how these
naturally occurring contaminants can jeopardize water
becomes really, really important."

Natural chromium sources threaten
California groundwater
ScienceDaily, July 23, 2018

Benign vs. toxic chromium
The benign, natural form of the chemical, known as
trivalent chromium, is needed to help people break
down glucose. It does not move easily in the
environment and sticks to minerals in soils and
sediments -- it's what gives serpentinite rocks in the
Coast Range Mountains in California their iconic green
hue.
The toxic form, hexavalent chromium, is very soluble
and moves easily within the environment. Industrial
uses of hexavalent chromium include electroplating,
steel manufacturing, leather tanning and wood
treatment. Drinking water that contains hexavalent
chromium, also known as chromium-6 or Cr(VI), is
considered a human health threat, increasing the risk
for stomach and intestinal cancer.
This image shows the concentration of average
hexavalent chromium distribution per square kilometer
in California groundwater from supply and monitoring
wells.

Scientists have been trying to understand what triggers
the natural form of chromium bound to rocks to
transform into a toxin that can run into groundwater.
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Based on where they find the toxic form in the Central
Valley and other regions, the study co-authors suspect
human activities, such as groundwater pumping, could
contribute to that transformation.

'Is the contaminant going to stay benign in the solid
form, or is it going to get transferred into the water
phase?' We need to ensure the contaminants stay within
the solids and do not jeopardize our water supplies."

"We have to start considering the pathways by which
we might inadvertently create the bad form of
chromium from the good and end up contaminating our
aquifers," said Fendorf, who is also a senior fellow at
the Stanford Woods Institute for the Environment. "The
best thing we can do is identify the processes that
accelerate natural oxidation, and then try to develop
management practices that will minimize them -- if
they do occur, it becomes very expensive to deal with."

Journal Reference: Debra M. Hausladen, Annika
Alexander-Ozinskas, Cynthia McClain, Scott Fendorf.
Hexavalent Chromium Sources and Distribution in
California Groundwater. Environmental Science &
Technology, 2018; DOI: 10.1021/acs.est.7b06627.

Tracing the toxin

This shift both prevented the protective magnetic
field from collapsing and recharged it

Earth’s core may have hardened
just in time to save its magnetic field

The researchers analyzed nearly 90,000 chromium
values from California's Groundwater Ambient
Monitoring and Assessment Program (GAMA)
database. About half of these measurements monitor
California's public drinking water supply. Of those, 15
percent contained higher levels of hexavalent
chromium than the 2014 drinking water standard of 10
parts per billion.

by Carolyn Gramling, Science News, January 28,
2019

The scientists determined which of the 234 other
chemicals in the database were commonly found with
hexavalent chromium and used that information to
figure out where natural occurring chromium is
threatening groundwater quality and which processes
may be responsible. The results reveal widespread
transformation of trivalent chromium in California's
coast and Central Valley, and high concentrations of
hexavalent chromium in the state's industrial hotspots,
around Los Angeles and the San Francisco Bay Area.

SOLAR SHIELD: Earth’s magnetic field (illustrated)
is powered by circulation of iron-rich fluid in the core.
New research suggests Earth’s solid inner core formed
after 565 million years ago, saving a weakening
magnetic field from collapse.
Credit: Marc Ward/Shutterstock

"We have really been focused on industrial
contamination, but this paper provides a visual
representation of all of the different processes that are
responsible for chromium-6 contamination, and it
highlights how regional these controls can be," said
lead author Debra Hausladen, a postdoctoral researcher
at the University of Lausanne who conducted research
for the study as a PhD student in Earth system science
at Stanford. "It's really important to have this holistic
view as we develop groundwater management
strategies."

Earth’s inner core solidified sometime after 565 million
years ago — just in time to not only save the planet’s
protective magnetic field from imminent collapse, but
also to kick-start it into its current, powerful phase, a
new study suggests.

The researchers hope to create more detailed
distribution maps of where naturally occurring
contaminants can threaten groundwater and the
pathways that would cause them to move into
California's water system.

The finding, reported online January 28 in Nature
Geoscience, supports an idea previously proposed by
simulations that Earth’s inner core is relatively young.
It also provides insight into how, and how quickly,
Earth has been losing heat since its formation 4.54
billion years ago —key to understanding not only the
generation of the planet’s magnetic shield but also
convection within the mantle and plate tectonics.

"People are realizing we have to worry about more than
just traditional industrial contaminants -- we have to
realize that nearly every aquifer has natural
contaminants," Fendorf said. "The question is simply,

“We don’t have many real benchmarks for the thermal
history of our planet,” says Peter Olson, a geophysicist
at Johns Hopkins University who was not involved in
the new study. “We know the interior was hotter than
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today, because all planets lose heat. But we don’t know
what the average temperature was a billion years ago,
compared with today.” Pinning down when iron in the
inner core began to crystallize could offer a window
into how hot the interior of the planet was at the time,
Olson says.

Combined with previous studies that have found that
the magnetic field was also rapidly reversing polarity
during that time period, the new result indicates that
Earth’s field may have been on the point of collapse
about 565 million years ago. That suggests that the
inner core hadn’t yet solidified. Fortunately for life on
Earth, it eventually did.

The planet’s iron-nickel core is made up of two layers:
a solid inner core and a molten outer core. When that
solid inner core formed is a long-standing mystery
(Science News: 9/19/15, p. 18). “Proposed ages have
been anywhere from 500 million years ago to older than
2.5 billion years,” says coauthor John Tarduno, a
geophysicist at the University of Rochester in New
York.

“Presumably things worked out well for our planet,”
Tarduno says. “But that doesn’t necessarily mean it had
to.”
The new finding is “potentially very important,” Olson
says. Because the rocks bearing the magnetic grains
didn’t cool instantaneously but over a long time, the
data represent an average field intensity for about a
100,000-year period. That means the scientists haven’t
just captured a snapshot in time of a fluctuating field,
but have found a true, persistent signal, he says.
Computer simulations have suggested that the weak
field phase may have lasted much longer, from about
900 million to 600 million years ago. More paleointensity data from within that time span, as well as
from other locations, would help to confirm that the
observed weak phase really signaled the final throes of
that pre–inner core field.

The interplay of the two layers drives the geodynamo,
the circulation of iron-rich fluid that powers the
magnetic field. That field, surrounding the planet,
protects Earth from being battered by the solar wind, a
constant flow of charged particles ejected by the sun.
As the inner core cools and crystallizes, the
composition of the remaining fluid changes; more
buoyant liquid rises like a plume while the cooling
crystals sink. That self-sustaining, density-driven
circulation generates a strong magnetic field with two
opposing poles, north and south, or polarity.

Peter Driscoll, a geophysicist at the Carnegie
Institution for Science in Washington, D.C., was one of
the theoreticians who estimated how long the weak
phase might have lasted. Driscoll, whose commentary
accompanies the study in Nature Geoscience, notes that
a young solid inner core also highlights lingering
conundrums about how quickly Earth cooled. For
example, “if the core is cooling quickly, that means it
was very hot in the recent past, and that the lower
mantle was very hot in the recent past” — so hot that
both were molten just 1 billion to 2 billion years ago.
“We absolutely do not see that in the rock record.”

Traces of magnetism in ancient rocks suggest that Earth
had a magnetic field as far back as 4.2 billion years ago.
That earlier field was likely generated by heat within
the planet driving circulation within the molten core.
But over time, computer simulations suggest, the heatdriven circulation wouldn’t have been strong enough
alone to continue to power a strong magnetic field.
Instead, the field began to shut down, signaled in the
rock record by weakening intensities and rapid polarity
reversals over millions of years. And then, at some
point, Earth’s inner core began to crystallize, jumpstarting the geodynamo and generating a new, strong
magnetic field. Now scientists think they’ve found
evidence of when that magnetic field breakdown was
happening. Researchers led by geophysicist Richard
Bono, now at the University of Liverpool in England,
examined magnetic inclusions within a suite of rocks in
Quebec, Canada, dating to about 565 million years ago.
Analyses of the inclusions — needlelike iron-rich
grains that align themselves with the orientation of the
magnetic field that existed when the rocks formed —
show that the planet’s magnetic field was extremely
weak at that time, the researchers report.

Driscoll adds that he hopes the new study garners
attention to the glaring gap in paleomagnetic data from
this time period. “There’s a lot more time here that we
could be filling in.”
Journal References: R.K. Bono et al. Young inner
core inferred from Ediacaran ultra-low geomagnetic
field intensity. Nature Geoscience. Published online
January 28, 2019. doi:10.1038/s41561-018-0288-0.
P. Driscoll. Geodynamo recharged. Nature
Geoscience. Published online January 28, 2019.
doi:10.1038/s41561-019-0301-2..

“These paleo-intensity values were 10 times less than
the present magnetic field, lower than anything
observed previously,” Tarduno says. “It suggested
there’s something fundamental going on in the core.”
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