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DINNER MEETING ANNOUNCEMENT 

(reservations required; SOLD OUT!) 
 

DATE: Wednesday, May 29, 2019 

LOCATION:   Orinda Masonic Center, 9 Altarinda Rd., Orinda 

          (see map on back page) 

TIME: Social Hour: 6:00 – 6:45 pm;  Silent Auction: 6:30 – 

7:30 pm;  Dinner: 6:45 – 8:00 pm;        

Presentation: 8:00 – 9:00 pm   

SPEAKER:            Dr. Tanya Atwater, Professor          

Emerita, UC Santa Barbara 

TOPIC:     “The Wonderful, Frenetic Years of the 

Plate Tectonic Revolution: How It Was 

to be in the Middle of It” 

The plate tectonic revolution broke upon the Scripps Institute of 

Oceanography with a lecture by Fred Vine in December of 1966.  

Tanya Atwater arrived there a few weeks later to start graduate 

school; she found the place in a complete, excited chaos.  During 

the next few years she had a front-row seat to the evolution of this 

new world view.  In this lecture, she will tell this story, using 

images and animations to describe her experiences as the 

conceptual world of earth sciences was completely upended and 

reconstituted.  

  

Dr. Tanya Atwater is a professor emerita in the Earth Science 

Department at the University of California, Santa Barbara. She 

was educated at M.I.T., UC Berkeley and Scripps Institute of 

Oceanography, earning her PhD in 1972.  She joined the UCSB 

faculty in 1980.  Dr. Atwater is well known for her works on the 

plate tectonic evolution of western North America and the San 

Andreas fault system. Since retirement, Atwater has concentrated 

on public education and visual communication. Her animations 

are extensively used in classrooms and public venues around the 

world.  She has many honors, including the Geological Society of 

America Structure and Tectonics Lifetime Achievement Award, 

an Emmy, and election to the National Academy of Sciences.   

 

http://www.ncgeolsoc.org/
mailto:philecreed@yahoo.com
mailto:willschweller@yahoo.com
mailto:barbara.matz@cbifederalservices.com
mailto:plgarbutt@comcast.net
mailto:tomasbarry@aol.com
mailto:mpetrof@hotmail.com
mailto:ctreplogle@gmail.com
mailto:rays.rock@gmail.com
mailto:nschoellkopf@slb.com
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NCGS 2018 – 2019 Calendar  

June 26, 2019                   7:00 pm 

Dr. Jonathan Lilien, Chevron 

Environmental Aspects of Oil & Gas Production in 

California 

September 25               7:00 pm 

Dr. Douglas Dreger, UC Berkeley 

Exotic Seismic Sources: Nuclear explosions, mining 

events, volcanic and geothermal seismicity, and a 

landslide 

October 30               7:00 pm 

Dr. Russell Graymer, USGS 

Geologic and geophysical framework of Mt Diablo 

November 20            7:00 pm 

(1 week early because of Thanksgiving) 

Dr. Dr. David P. Schwartz, USGS 

Earthquakes in the East Bay 
 

 

Silent Auction in May 

The May dinner meeting will feature a Silent 

Auction, with all proceeds supporting our upcoming 

GSA Special Publication on Mount Diablo. 

Contributions of auction items are needed. 

Contributions should be of good quality (something 

you would consider worth bidding on) and related to 

geology, including rock or mineral specimens, 

books, tools, or special items such as a bottle of good 

wine or other spirits, artwork, or even a hosted 

excursion (a hike to a special location plus lunch, for 

example). If you have any questions, contact Crystal 

Replogle (ctreplogle@gmail.com), Barb Matz 

(barbmatz@yahoo.com), or Paul Henshaw 

(drphenshaw@comcast.net). We will have blank bid 

forms available at the meeting or you can request the 

form in advance from Barb. Please note: If nobody 

bids on your item, it must go back home with you.  
 

New Paper on Geology of San Francisco 

Available on Association of Environmental & 

Engineering Geologists Website 

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/. 

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.    
 

 

NCGS Outreach News  

Hillside Festival Geology Walk 

For a third year NCGS supported the annual El Cerrito 

Trail Trekkers geology walk at the 2019 Hillside 

Festival in the Hillside Natural Area in El Cerrito. The 

approximately 3-mile hike on Saturday May 5th (from 

12 noon to 2 PM) was led by Gary Prost, Bill Motzer, 

and Mark Petrofsky as part of NCGS’s outreach 

program. Fifty-five participants were present at the trail 

head on Schmidt Lane just south of the recycling 

center. The geology walk began with observations of 

the unique blueschist terrain in the old El Cerrito 

Quarry, then traversing up hill to observe outcrops of 

Northbrae Rhyolite, and continuing up to the trace of 

the Hayward Fault on Arlington drive parallel to the 

Berkeley Country Club golf course. Gary returned on 

Sunday May 5th to conduct a shorter family-friendly 

geology walk. (Photos and write up by Bill Motzer). 

 
Geology walk leaders from left to right: Gary Prost, 

Bill Motzer, and Mark Petrofsky.  
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Large group listening to Mark and Gary. 

 
Blueschist outcrop along Arlington Drive. 

 

NCGS Field Trips 
 

Starting soon (and we hope for some dryness!), 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.  
 

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 Geological Society of 

America.  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! 
 
 

CGS SPECIAL REPORT 230 

Geological Gems of California State Parks 

California’s state parks encompass a wide range of 

the state’s diverse natural resources, including some 

significant geologic features and history.  However, 

although the geology of California tells a fascinating 

story of the state’s evolution, it’s a story that is not 

well known or understood by most park visitors.  To 

make this story more available to the general public, 

the State Parks’ Natural Resources Division 

collaborated with the Department of Conservation’s 

California Geological Survey to produce a report 

entitled, “Geological Gems of California State 

Parks” also known as “Geo Gems”.  The report 

highlights notable geologic features in 55 California 

state parks - geologic wonders that illustrate the 

legacy and continuing evolution of California.  For 

details:  https://www.parks.ca.gov/?page_id=29631.  
 

 

 

 

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. 
 

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 a list of 

seminars, go to http://eps.berkeley.edu/events/seminars.  
 

 

NCGS members are invited our next Board of 

Directors meeting, on September 14 at the APTIM 

office at 4005 Port Chicago Highway.  Board meetings 

will now be generally held at 9 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.  

https://www.parks.ca.gov/?page_id=29631
http://ncgeolsoc.org/
http://eps.berkeley.edu/events/seminars
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USGS Evening Public Lecture Series 

The USGS evening public lecture series events are 

free and are intended for a general public audience 

that may not be familiar with the science being 

discussed.  The next lecture will be given Thursday, 

May 30 by Suzanne Hecker, USGS Geologist, on 

New Mapping of the Rodgers Creek Fault: It’s 

Longer and More Complex than We Thought.  For 

more information on the lectures, and for a map of 

the location, go to: 

https://online.wr.usgs.gov/calendar/. 
 

 

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 

Matz at the check-in desk at the next meeting. 
 

New fallout from 'the collision that 

changed the world' 

ScienceDaily, April 26, 2019 

Source:  Princeton University  

 

Neither the continents nor the oceans have always looked the 

way they do now. These 'paleomaps' show how the 

continents and oceans appeared before (top) and during 

(bottom) 'the collision that changed the world,' when the 

landmass that is now the Indian subcontinent rammed 

northward into Asia, closing the Tethys Sea and building the 

Himalayas. Global ocean levels were higher then, creating 

salty shallow seas (pale blue) that covered much of North 

Africa and parts of each of the continents. A team of 

Princeton researchers, using samples gathered at the three 

starred locations, created an unprecedented record of ocean 

nitrogen and oxygen levels from 70 million years ago 

through 30 million years ago that shows a major shift in 

ocean chemistry after the India-Asia collision. Another shift 

came 35 million years ago, when Antarctica began 

accumulating ice and global sea levels fell.  

Credit: Images created by Emma Kast, Princeton 

University, using paleogeographic reconstructions 

from Deep Time Maps, with their permission. 

When the landmass that is now the Indian subcontinent 

slammed into Asia about 50 million years ago, the 

collision changed the configuration of the continents, 

the landscape, global climate and more. Now a team of 

Princeton University scientists has identified one more 

effect: the oxygen in the world's oceans increased, 

altering the conditions for life. 

"These results are different from anything people have 

previously seen," said Emma Kast, a graduate student 

in geosciences and the lead author on a paper coming 

out in Science on April 26. "The magnitude of the 

reconstructed change took us by surprise." 

Kast used microscopic seashells to create a record of 

ocean nitrogen over a period from 70 million years ago 

-- shortly before the extinction of the dinosaurs -- until 

30 million years ago. This record is an enormous 

contribution to the field of global climate studies, said 

John Higgins, an associate professor of geosciences at 

Princeton and a co-author on the paper. 

"In our field, there are records that you look at as 

fundamental, that need to be explained by any sort of 

hypothesis that wants to make biogeochemical 

connections," Higgins said. "Those are few and far 

between, in part because it's very hard to create records 

that go far back in time. Fifty-million-year-old rocks 

don't willingly give up their secrets. I would certainly 

consider Emma's record to be one of those fundamental 

records. From now on, people who want to engage with 

how the Earth has changed over the last 70 million 

years will have to engage with Emma's data." 

In addition to being the most abundant gas in the 

atmosphere, nitrogen is key to all life on Earth. "I study 

nitrogen so that I can study the global environment," 

said Daniel Sigman, Princeton's Dusenbury Professor 

of Geological and Geophysical Sciences and the senior 

author on the paper. Sigman initiated this project with 

Higgins and then-Princeton postdoctoral researcher 

Daniel Stolper, who is now an assistant professor of 

Earth and planetary science at the University of 

California-Berkeley. 

Every organism on Earth requires "fixed" nitrogen -- 

sometimes called "biologically available nitrogen." 

https://online.wr.usgs.gov/calendar/
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Nitrogen makes up 78% of our planet's atmosphere, but 

few organisms can "fix" it by converting the gas into a 

biologically useful form. In the oceans, cyanobacteria 

in surface waters fix nitrogen for all other ocean life. 

As the cyanobacteria and other creatures die and sink 

downward, they decompose. 

Nitrogen has two stable isotopes, 15N and 14N. In 

oxygen-poor waters, decomposition uses up "fixed" 

nitrogen. This occurs with a slight preference for the 

lighter nitrogen isotope, 14N, so the ocean's 15N -to-14N 

ratio reflects its oxygen levels. 

That ratio is incorporated into tiny sea creatures called 

foraminifera during their lives, and then preserved in 

their shells when they die. By analyzing their fossils -- 

collected by the Ocean Drilling Program from the 

North Atlantic, North Pacific, and South Atlantic -- 

Kast and her colleagues were able to reconstruct the 15N 

-to-14N ratio of the ancient ocean, and therefore identify 

past changes in oxygen levels. 

Oxygen controls the distribution of marine organisms, 

with oxygen-poor waters being bad for most ocean life. 

Many past climate warming events caused decreases in 

ocean oxygen that limited the habitats of sea creatures, 

from microscopic plankton to the fish and whales that 

feed on them. Scientists trying to predict the impact of 

current and future global warming have warned that 

low levels of ocean oxygen could decimate marine 

ecosystems, including important fish populations. 

When the researchers assembled their unprecedented 

geologic record of ocean nitrogen, they found that in 

the 10 million years after dinosaurs went extinct, the 
15N-to-14N ratio was high, suggesting that ocean 

oxygen levels were low. They first thought that the 

warm climate of the time was responsible, as oxygen is 

less soluble in warmer water. But the timing told 

another story: the change to higher ocean oxygen 

occurred around 55 million years ago, during a time of 

continuously warm climate. 

"Contrary to our first expectations, global climate was 

not the primary cause of this change in ocean oxygen 

and nitrogen cycling," Kast said. The more likely 

culprit? Plate tectonics. The collision of India with Asia 

-- dubbed "the collision that changed the world" by 

legendary geoscientist Wally Broecker, a founder of 

modern climate research -- closed off an ancient sea 

called the Tethys, disturbing the continental shelves 

and their connections with the open ocean. 

"Over millions of years, tectonic changes have the 

potential to have massive effects on ocean circulation," 

said Sigman. But that doesn't mean climate change can 

be discounted, he added. "On timescales of years to 

millenia, climate has the upper hand." 

Journal Reference:  Emma R. Kast, Daniel A. Stolper, 

Alexandra Auderset, John A. Higgins, Haojia Ren, 

Xingchen T. Wang, Alfredo Martínez-García, Gerald 

H. Haug, Daniel M. Sigman. Nitrogen isotope evidence 

for expanded ocean suboxia in the early Cenozoic. 

Science, 2019; 364 (6438): 386 DOI: 

10.1126/science.aau5784. 
 

Fracking: Earthquakes are 

triggered well beyond fluid injection 

zones 

Computer model and field experiment data 

suggest a new link between subsurface 

injections and earthquake swarms 

ScienceDaily, May 2, 2019  

Source:Tufts University 

 

USGS map highlights earthquake risk zones. Blue 

boxes indicate areas of high activity of human-caused 

earthquake due to deep bore fluid injection. 

  Credit: USGS 

Using data from field experiments and modeling of 

ground faults, researchers at Tufts University have 

discovered that the practice of subsurface fluid 

injection used in 'fracking' and wastewater disposal for 

oil and gas exploration could cause significant, rapidly 

spreading earthquake activity beyond the fluid 

diffusion zone. Deep fluid injections -- greater than one 

kilometer deep -- are known to be associated with 

enhanced seismic activity -- often thought to be limited 

to the areas of fluid diffusion. Yet the study, published 

today in the journal Science, tests and strongly supports 

the hypothesis that fluid injections are causing 

potentially damaging earthquakes further afield by the 
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slow slip of pre-existing fault fracture networks, in 

domino-like fashion. 

The results account for the observation that the 

frequency of human-made earthquakes in some regions 

of the country surpass natural earthquake hotspots. 

The study also represents a proof of concept in 

developing and testing more accurate models of fault 

behavior using actual experiments in the field. Much of 

our current understanding about the physics of 

geological faults is derived from laboratory 

experiments conducted at sample length scales of a 

meter or less. However, earthquakes and fault rupture 

occur over vastly larger scales. Observations of fault 

rupture at these larger scales are currently made 

remotely and provide poor estimates of the physical 

parameters of fault behavior that would be used to 

develop a model of human-made effects. More 

recently, the earthquake science community has put 

resources behind field-scale injection experiments to 

bridge the scale gap and understand fault behavior in 

its natural habitat. 

The researchers used data from these experimental 

field injections, previously conducted in France and led 

by a team of researchers based at the University of Aix-

Marseille and the University of Nice Sophia-Antipolis. 

The experiments measured fault pressurization and 

displacement, slippage and other parameters that are 

fed into the fault-slip model used in the current study. 

The Tufts researchers' analysis provides the most 

robust inference to date that fluid-activated slippage in 

faults can quickly outpace the spread of fluid 

underground. 

"One important constraint in developing reliable 

numerical models of seismic hazard is the lack of 

observations of fault behavior in its natural habitat," 

said Pathikrit Bhattacharya, a former post-doc in the 

department of civil and environmental engineering at 

Tufts University's School of Engineering and lead 

author of the study. "These results demonstrate that, 

when available, such observations can provide 

remarkable insight into the mechanical behavior of 

faults and force us to rethink their hazard potential." 

Bhattacharya is now assistant professor in the School 

of Earth, Ocean and Climate Sciences at the Indian 

Institute of Technology in Bhubaneswar, India. 

The hazard posed by fluid-induced earthquakes is a 

matter of increasing public concern in the US. The 

human-made earthquake effect is considered 

responsible for making Oklahoma -- a very active 

region of oil and gas exploration -- the most productive 

seismic region in the country, including California. "It's 

remarkable that today we have regions of human-made 

earthquake activity that surpass the level of activity in 

natural hot spots like southern California," said Robert 

C. Viesca, associate professor of civil and 

environmental engineering at Tufts University's School 

of Engineering, co-author of the study and 

Bhattacharya's post-doc supervisor. "Our results 

provide validation for the suspected consequences of 

injecting fluid deep into the subsurface, and an 

important tool in assessing the migration and risk of 

induced earthquakes in future oil and gas exploration." 

Most earthquakes induced by fracking are too small -- 

3.0 on the Richter scale -- to be a safety or damage 

concern. However, the practice of deep injection of the 

waste products from these explorations can affect 

deeper and larger faults that are under stress and 

susceptible to fluid induced slippage. Injection of 

wastewater into deep boreholes (greater than one 

kilometer) can cause earthquakes that are large enough 

to be felt and may cause damage. 

According to the U.S. Geological Survey, the largest 

earthquake induced by fluid injection and documented 

in the scientific literature was a magnitude 5.8 

earthquake in September 2016 in central Oklahoma. 

Four other earthquakes greater than 5.0 have occurred 

in Oklahoma as a result of fluid injection, and 

earthquakes of magnitude between 4.5 and 5.0 have 

been induced by fluid injection in Arkansas, Colorado, 

Kansas and Texas. 

Journal Reference:  Pathikrit Bhattacharya, Robert C. 

Viesca. Fluid-induced aseismic fault slip outpaces 

pore-fluid migration. Science, 2019; 364 (6439): 464 

DOI: 10.1126/science.aaw7354.  
 

 

Resolving the 'invisible' gold puzzle 

Arsenic aids formation of giant gold deposits 

ScienceDaily, May 1, 2019  

Source: GFZ GeoForschungsZentrum Potsdam, 

Helmholtz Centre 

The Carlin-type gold deposits in Nevada, USA, are the 

origin of five percent of the global production and 75 

percent of the US production of gold. In these deposits, 

gold does not occur in the form of nuggets or veins, but 

is hidden -- together with arsenic -- in pyrite, also 

known as 'fool's gold'. A team of scientists from the 

Helmholtz Centre Potsdam -- German Research Centre 

for Geosciences GFZ has now shown experimentally, 

for the first time, that the concentration of gold directly 

depends on the content of arsenic in the pyrite. The 

results were published in the journal Science Advances. 

In the Earth's crust, the element gold occurs in 

concentrations of 2.5 parts per billion (ppb). In order to 
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mine it economically, the gold concentration must be 

thousands of times higher and it must be found in a 

focused area close to the surface. In the gold deposits 

of the Carlin-type, the gold in the rock is not visible to 

the human eye. Instead, the 'invisible' gold occurs in 

tiny pyrite rims that grow on older 'fool's gold' grains 

which originate from sedimentary rocks. 

In the laboratory experiments, the researchers around 

Christof Kusebauch, lead author of the study showed 

that the element arsenic plays the crucial role in 

extracting gold from hot solutions probably from 

magmatic systems, passing through the rock. The 

higher the concentration of arsenic, the more frequently 

gold chemically binds with pyrite. The shape of the 

older pyrite is also important: the larger the surface area 

of the mineral, the more gold can accumulate. 

Arsenic indicates gold deposits 

Similar to the natural ore system, the authors used iron-

rich carbonates and sulfur-rich solutions to synthesize 

their 'fool´s gold' crystals. "Only then we were able to 

show that the partition coefficient which controls how 

much gold is incorporated into pyrite depends on the 

amount of arsenic," says Christof Kusebauch. "The 

major challenge was to experimentally grow gold and 

arsenic bearing pyrite crystals that were big enough to 

analyze." 

The new findings may also help to track down new gold 

deposits. The experiments show that if hot solutions 

containing gold and arsenic from magmatic sources 

pass through sedimentary rocks with large amounts of 

small 'fools gold' grains present, large gold deposits can 

be formed. 

Background 

What is gold? Gold is a chemical element of the copper 

group with the element symbol Au (from Latin: 

Aurum). In contrast to most other metals in nature, gold 

is mostly found in the pure form, meaning in the form 

of 'nuggets' composed only of one chemical substance. 

In contrast, in the Carlin-type gold deposits, gold must 

be released from ore by chemical extraction. Here, the 

gold is bound to the ore mineral pyrite and has whole 

rock concentrations between one and tens of grams per 

ton of rock material (1000 to 10,000 ppb). This type of 

gold deposit is formed in carbonate-rich sediments. The 

deposits in the US formed 42 to 30 million years ago at 

temperatures of 150 to 250 degrees Celsius and at 

depths of over 2000 meters, before they reached the 

Earth's surface through processes of plate tectonics. 

How is gold formed? On the Earth's surface accessible 

to mankind, gold has been transported from the Earth's 

interior to the surface by volcanic and plate tectonic 

processes; a small part stems from meteorite impacts. 

Natural processes cannot produce new gold on Earth. 

The heavy chemical elements in the universe, such as 

lead, iron, and gold, are created by the collision of 

neutron stars. Gold is very rare, not only on Earth but 

throughout the universe. 

Journal Reference:  Kusebauch, C., Gleeson, S.A., 

Oelze, M. Coupled partitioning of Au and As into 

pyrite controls formation of giant Au deposits. Science 

Advances, 2019 DOI: 10.1126/sciadv.aav5891. 
 

Magma is the key to the moon's 

makeup 

ScienceDaily, April 29, 2019  

Source: Yale University  

 

Snapshots of numerical modeling of the moon’s 

formation by a giant impact. The central part of the 

image is a proto-Earth; red points indicate materials 

from the ocean of magma in a proto-Earth; blue points 

indicate the impactor materials. 

Credit: Hosono, Karato, Makino, and Saitoh 

For more than a century, scientists have squabbled over 

how Earth's moon formed. But researchers at Yale and 

in Japan say they may have the answer. 

Many theorists believe a Mars-sized object slammed 

into the early Earth, and material dislodged from that 

collision formed the basis of the moon. When this idea 

was tested in computer simulations, it turned out that 

the moon would be made primarily from the impacting 

object. Yet the opposite is true; we know from 

analyzing rocks brought back from Apollo missions 

that the moon consists mainly of material from Earth. 

A new study published April 29 in Nature Geoscience, 

co-authored by Yale geophysicist Shun-ichiro Karato, 

offers an explanation.  The key, Karato says, is that the 

early, proto-Earth -- about 50 million years after the 

formation of the Sun -- was covered by a sea of hot 

magma, while the impacting object was likely made of 

solid material. Karato and his collaborators set out to 

test a new model, based on the collision of a proto-
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Earth covered with an ocean of magma and a solid 

impacting object. 

The model showed that after the collision, the magma 

is heated much more than solids from the impacting 

object. The magma then expands in volume and goes 

into orbit to form the moon, the researchers say. This 

explains why there is much more Earth material in the 

moon's makeup. Previous models did not account for 

the different degree of heating between the proto-Earth 

silicate and the impactor. 

"In our model, about 80% of the moon is made of proto-

Earth materials," said Karato, who has conducted 

extensive research on the chemical properties of proto-

Earth magma. "In most of the previous models, about 

80% of the moon is made of the impactor. This is a big 

difference." 

Karato said the new model confirms previous theories 

about how the moon formed, without the need to 

propose unconventional collision conditions -- 

something theorists have had to do until now. 

For the study, Karato led the research into the 

compression of molten silicate. A group from the 

Tokyo Institute of Technology and the RIKEN Center 

for Computational Science developed a computational 

model to predict how material from the collision 

became the moon.  The first author of the study is 

Natsuki Hosono of RIKEN. Additional co-authors are 

Junichiro Makino and Takayuki Saitoh. 

Journal Reference: Natsuki Hosono, Shun-ichiro 

Karato, Junichiro Makino, Takayuki R. Saitoh. 

Terrestrial magma ocean origin of the Moon. Nature 

Geoscience, April 29, 2019; DOI: 10.1038/s41561-

019-0354-2.  
 
 

What does the future of Kilauea 

hold? 

ScienceDaily, April 26, 2019  

Source: Seismological Society of America 

Ever since Hawaii's Kilauea stopped erupting in 

August 2018, ceasing activity for the first time in 35 

years, scientists have been wondering about the 

volcano's future. Its similarities to the Hawaiian 

seamount Lo`ihi might provide some answers, 

according to Jacqueline Caplan-Auerbach at Western 

Washington University. 

In her presentation at the 2019 SSA Annual Meeting, 

Caplan-Auerbach, a volcano seismologist, said Lo`ihi's 

1996 eruption has some remarkable parallels to 2018 

activity at Kilauea. Lo`ihi is a submarine volcano 

located about 22 miles off the southwest coast of the 

island of Hawaii, with its summit about 3000 feet 

below sea level. 

Caplan-Auerbach has studied Lo`ihi since she was a 

graduate student in 1996, with more recent work at 

Kilauea, using data from seismic instruments placed on 

the submarine flanks of both volcanoes. After the 

sudden cessation of activity at Kilauea last summer, "it 

was very apparent to me that there were some very 

striking similarities between this eruption and what we 

saw at Lo`ihi in 1996," she says. 

Like the 2018 Kilauea eruptive sequence, the 1996 

Lo`ihi eruption began with a dramatic increase in 

seismic activity that started in the volcano's rift zone 

and transitioned to its summit. Then in both cases, 

"there was a long sequence of very large earthquakes 

for a volcano of that size," says Caplan-Auerbach. 

Lo`ihi experienced more than 100 magnitude 4 or 

larger earthquakes, while there were more than 50 

magnitude 5 or larger earthquakes at Kilauea. 

In both cases, the swarms of earthquakes at the summits 

of each volcano led to a significant collapse, creating 

Pele's Pit on Lo`ihi and enlarging the Halema`uma`u 

crater at Kilauea. 

It's rare to see the kind of caldera collapse that 

happened at Kilauea in action, says Caplan-Auerbach, 

although scientists have watched it occur at Fernandina 

volcano in the Galápagos Islands and Bárðarbunga 

volcano in Iceland. "One of the things I would like to 

know more about is whether this type of activity, this 

draining of the summit reservoir and this sort of 

collapse of a pit ... indicates a volcano has kind of done 

its time," she says. 

After its 1996 eruption, Lo`ihi became quiet, with little 

to no seismicity recorded during two instrument 

deployments in 1997-1998 and 2010-2011. "It was a 

level of quiescence that we had never seen there 

before," says Caplan-Auerbach. The seamount 

remained mostly quiet for almost twenty years, 

gradually increasing seismicity before beginning new 

earthquake swarms in 2015. 

This might indicate that Lo`ihi is replenishing its 

magma reservoir. If Lo`ihi's and Kilauea's similarities 

are a guide to Kilauea's future, Kilauea might be quiet 

for a decade before becoming active again, Caplan-

Auerbach suggests. "I think the good news is that 

volcanoes tend to talk to us before they do anything 

truly dramatic," she says. "so I think we will know 

when it restores its magma system." 

Story Source:  Seismological Society of America. 

"What does the future of Kilauea hold?" ScienceDaily, 

26Apr2019.<www.sciencedaily.com/releases/2019/04

/190426110603.htm>.  
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Oxygen linked with the boom and bust 

of early animal evolution 

ScienceDaily, May 6, 2019  

Source:  University of Leeds  

Extreme fluctuations in atmospheric oxygen levels 

corresponded with evolutionary surges and extinctions 

in animal biodiversity during the Cambrian explosion, 

finds new study led by UCL and the University of 

Leeds. The Cambrian explosion was a crucial period of 

rapid evolution in complex animals that began roughly 

540 million years ago. The trigger for this fundamental 

phase in the early history of animal life is a subject of 

ongoing biological debate. 

The study, published today in Nature Geoscience by 

scientists from the UK, China and Russia, gives strong 

support to the theory that oxygen content in the 

atmosphere was a major controlling factor in animal 

evolution. 

The study is the first to show that during the Cambrian 

explosion there was significant correlation between 

surges in oxygen levels and bursts in animal evolution 

and biodiversity, as well as extinction events during 

periods of low oxygen. 

Dr Tianchen He, study lead author and postdoctoral 

researcher at the University of Leeds, began this 

research while at UCL. He said: "The complex 

creatures that came about during the Cambrian 

explosion were the precursors to many of the modern 

animals we see today. But because there is no direct 

record of atmospheric oxygen during this time period it 

has been difficult to determine what factors might have 

kick started this crucial point in evolution. 

"By analysing the carbon and sulfur isotopes found in 

ancient rocks, we are able to trace oxygen variations in 

Earth's atmosphere and shallow oceans during the 

Cambrian Explosion. When compared to fossilized 

animals from the same time we can clearly see that 

evolutionary radiations follow a pattern of 'boom and 

bust' in tandem with the oxygen levels. "This strongly 

suggests oxygen played a vital role in the emergence of 

early animal life." 

Study co-author, Professor Graham Shields from UCL 

Earth Sciences, said: "This is the first study to show 

clearly that our earliest animal ancestors experienced a 

series of evolutionary radiations and bottlenecks 

caused by extreme changes in atmospheric oxygen 

levels. 

"The result was a veritable explosion of new animal 

forms during more than 13 million years of the 

Cambrian Period. In that time, Earth went from being 

populated by simple, single-celled and immobile 

organisms to hosting the wonderful variety of intricate, 

energetic life forms we see today." 

The team analysed the carbon and sulfur isotopes from 

marine carbonate samples collected from sections 

along the Aldan and Lena rivers in Siberia. During the 

time of the Cambrian explosion this area would have 

been a shallow sea and the home for the majority of 

animal life on Earth. 

The lower Cambrian strata in Siberia are composed of 

continuous limestone with rich fossil records and 

reliable age constraints, providing suitable samples for 

the geochemical analyses. The isotope signatures in the 

rocks relate to the global production of oxygen, 

allowing the team to determine oxygen levels present 

in the shallow ocean and atmosphere during the 

Cambrian Period. 

Study co-author Dr Benjamin Mills, from the School of 

Earth and Environment at Leeds, said: "The Siberian 

Platform gives us a unique window into early marine 

ecosystems. This area contains over half of all currently 

known fossilized diversity from the Cambrian 

explosion. 

"Combining our isotope measurements with a 

mathematical model lets us track the pulses of carbon 

and sulfur entering the sediments in this critical 

evolutionary cradle. Our model uses this information to 

estimate the global balance of oxygen production and 

destruction, giving us new insight into how oxygen 

shaped the life we have on the planet today." 

Study co-author Maoyan Zhu from Nanjing Institute of 

Geology and Palaeontology, Chinese Academy of 

Sciences, said: "Understanding what triggered the 

Cambrian explosion requires multidisciplinary study. 

That's why with Graham Shields we organized together 

such a multidisciplinary team funded by NERC and 

NSFC in past years. I am so excited about the results 

through this collaborative project." 

"On the other hand, it took a long time to get this result. 

We already got samples from Siberia in 2008. The 

sections in Siberia are difficult to access. It took time 

for us to organize the expedition and collect the 

samples there. Without support from Russian 

colleagues, we could not do the project." 

Study co-author Andrey Yu Zhuravlev from 

Lomonosov Moscow State University said: "This has 

been an incredibly successful and exciting joint study. 

The question of the Cambrian Explosion trigger has 

puzzled scientists for years. Now, the results give us 

convincing evidence to link the rapid appearance of 
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animals as well as mass extinction during the early 

Cambrian with oxygen." 

Journal Reference: Tianchen He, Maoyan Zhu, 

Benjamin J. W. Mills, Peter M. Wynn, Andrey Yu. 

Zhuravlev, Rosalie Tostevin, Philip A. E. Pogge von 

Strandmann, Aihua Yang, Simon W. Poulton and 

Graham A. Shields. Possible links between extreme 

oxygen perturbations and the Cambrian radiation of 

animals. Nature Geoscience, 2019 DOI: 

10.1038/s41561-019-0357-z.  
 

Earliest life may have arisen in 

ponds, not oceans 

Study finds shallow bodies of water were 

probably more suitable for Earth's first life 

forms 

ScienceDaily, April 12, 2019  

Source: Massachusetts Institute of Technology  

Primitive ponds may have provided a suitable 

environment for brewing up Earth's first life forms, 

more so than oceans, a new MIT study finds. 

Researchers report that shallow bodies of water, on the 

order of 10 centimeters deep, could have held high 

concentrations of what many scientists believe to be a 

key ingredient for jump-starting life on Earth: nitrogen. 

In shallow ponds, nitrogen, in the form of nitrogenous 

oxides, would have had a good chance of accumulating 

enough to react with other compounds and give rise to 

the first living organisms. In much deeper oceans, 

nitrogen would have had a harder time establishing a 

significant, life-catalyzing presence, the researchers 

say. 

"Our overall message is, if you think the origin of life 

required fixed nitrogen, as many people do, then it's 

tough to have the origin of life happen in the ocean," 

says lead author Sukrit Ranjan, a postdoc in MIT's 

Department of Earth, Atmospheric and Planetary 

Sciences (EAPS). "It's much easier to have that happen 

in a pond." 

Ranjan and his colleagues have published their results 

today in the journal Geochemistry, Geophysics, 

Geosystems. The paper's co-authors are Andrew 

Babbin, the Doherty Assistant Professor in Ocean 

Utilization in EAPS, along with Zoe Todd and Dimitar 

Sasselov of Harvard University, and Paul Rimmer at 

Cambridge University. 

Breaking a bond 

If primitive life indeed sprang from a key reaction 

involving nitrogen, there are two ways in which 

scientists believe this could have happened. The first 

hypothesis involves the deep ocean, where nitrogen, in 

the form of nitrogenous oxides, could have reacted with 

carbon dioxide bubbling forth from hydrothermal 

vents, to form life's first molecular building blocks. 

The second nitrogen-based hypothesis for the origin of 

life involves RNA -- ribonucleic acid, a molecule that 

today helps encode our genetic information. In its 

primitive form, RNA was likely a free-floating 

molecule. When in contact with nitrogenous oxides, 

some scientists believe, RNA could have been 

chemically induced to form the first molecular chains 

of life. This process of RNA formation could have 

occurred in either the oceans or in shallow lakes and 

ponds. 

Nitrogenous oxides were likely deposited in bodies of 

water, including oceans and ponds, as remnants of the 

breakdown of nitrogen in Earth's atmosphere. 

Atmospheric nitrogen consists of two nitrogen 

molecules, linked via a strong triple bond, that can only 

be broken by an extremely energetic event -- namely, 

lightning. 

"Lightning is like a really intense bomb going off," 

Ranjan says. "It produces enough energy that it breaks 

that triple bond in our atmospheric nitrogen gas, to 

produce nitrogenous oxides that can then rain down 

into water bodies." 

Scientists believe that there could have been enough 

lightning crackling through the early atmosphere to 

produce an abundance of nitrogenous oxides to fuel the 

origin of life in the ocean. Ranjan says scientists have 

assumed that this supply of lightning-generated 

nitrogenous oxides was relatively stable once the 

compounds entered the oceans. 

However, in this new study, he identifies two 

significant "sinks," or effects that could have destroyed 

a significant portion of nitrogenous oxides, particularly 

in the oceans. He and his colleagues looked through the 

scientific literature and found that nitrogenous oxides 

in water can be broken down via interactions with the 

sun's ultraviolet light, and also with dissolved iron 

sloughed off from primitive oceanic rocks. 

Ranjan says both ultraviolet light and dissolved iron 

could have destroyed a significant portion of 

nitrogenous oxides in the ocean, sending the 

compounds back into the atmosphere as gaseous 

nitrogen. 

"We showed that if you include these two new sinks 

that people hadn't thought about before, that suppresses 

the concentrations of nitrogenous oxides in the ocean 

by a factor of 1,000, relative to what people calculated 

before," Ranjan says. 
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"Building a cathedral" 

In the ocean, ultraviolet light and dissolved iron would 

have made nitrogenous oxides far less available for 

synthesizing living organisms. In shallow ponds, 

however, life would have had a better chance to take 

hold. That's mainly because ponds have much less 

volume over which compounds can be diluted. As a 

result, nitrogenous oxides would have built up to much 

higher concentrations in ponds. Any "sinks," such as 

UV light and dissolved iron, would have had less of an 

effect on the compound's overall concentrations. 

Ranjan says the more shallow the pond, the greater the 

chance nitrogenous oxides would have had to interact 

with other molecules, and particularly RNA, to 

catalyze the first living organisms. 

"These ponds could have been from 10 to 100 

centimeters deep, with a surface area of tens of square 

meters or larger," Ranjan says. "They would have been 

similar to Don Juan Pond in Antarctica today, which 

has a summer seasonal depth of about 10 centimeters." 

That may not seem like a significant body of water, but 

he says that's precisely the point: In environments any 

deeper or larger, nitrogenous oxides would simply have 

been too diluted, precluding any participation in origin-

of-life chemistry. Other groups have estimated that, 

around 3.9 billion years ago, just before the first signs 

of life appeared on Earth, there may have been about 

500 square kilometers of shallow ponds and lakes 

worldwide. 

"That's utterly tiny, compared to the amount of lake 

area we have today," Ranjan says. "However, relative 

to the amount of surface area prebiotic chemists 

postulate is required to get life started, it's quite 

adequate." 

The debate over whether life originated in ponds versus 

oceans is not quite resolved, but Ranjan says the new 

study provides one convincing piece of evidence for the 

former. 

"This discipline is less like knocking over a row of 

dominos, and more like building a cathedral," Ranjan 

says. "There's no real 'aha' moment. It's more like 

building up patiently one observation after another, and 

the picture that's emerging is that overall, many 

prebiotic synthesis pathways seem to be chemically 

easier in ponds than oceans." 

This research was supported, in part, by the Simons 

Foundation and MIT. 

Journal Reference:  Sukrit Ranjan, Zoe R. Todd, Paul 

B. Rimmer, Dimitar D. Sasselov, Andrew R. Babbin. 

Nitrogen Oxide Concentrations in Natural Waters on 

Early Earth. Geochemistry, Geophysics, Geosystems, 

2019; DOI: 10.1029/2018GC008082.  
 

New evidence suggests volcanoes 

caused biggest mass extinction ever 

Mercury found in ancient rock around the 

world supports theory that eruptions caused 

'Great Dying' 252 million years ago 

ScienceDaily, April 15, 2019 

Source:University of Cincinnati 

Researchers say mercury buried in ancient rock 

provides the strongest evidence yet that volcanoes 

caused the biggest mass extinction in the history of the 

Earth. 

The extinction 252 million years ago was so dramatic 

and widespread that scientists call it "the Great Dying." 

The catastrophe killed off more than 95 percent of life 

on Earth over the course of hundreds of thousands of 

years. 

Paleontologists with the University of Cincinnati and 

the China University of Geosciences said they found a 

spike in mercury in the geologic record at nearly a 

dozen sites around the world, which provides 

persuasive evidence that volcanic eruptions were to 

blame for this global cataclysm. The study was 

published this month in the journal Nature 

Communications. 

The eruptions ignited vast deposits of coal, releasing 

mercury vapor high into the atmosphere. Eventually, it 

rained down into the marine sediment around the 

planet, creating an elemental signature of a catastrophe 

that would herald the age of dinosaurs. "Volcanic 

activities, including emissions of volcanic gases and 

combustion of organic matter, released abundant 

mercury to the surface of the Earth," said lead author 

Jun Shen, an associate professor at the China 

University of Geosciences. 

The mass extinction occurred at what scientists call the 

Permian-Triassic Boundary. The mass extinction killed 

off much of the terrestrial and marine life before the 

rise of dinosaurs. Some were prehistoric monsters in 

their own right, such as the ferocious gorgonopsids that 

looked like a cross between a sabre-toothed tiger and a 

Komodo dragon. 

The eruptions occurred in a volcanic system called the 

Siberian Traps in what is now central Russia. Many of 

the eruptions occurred not in cone-shaped volcanoes 

but through gaping fissures in the ground. The 

eruptions were frequent and long-lasting and their fury 

spanned a period of hundreds of thousands of years. 
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"Typically, when you have large, explosive volcanic 

eruptions, a lot of mercury is released into the 

atmosphere," said Thomas Algeo, a professor of 

geology in UC's McMicken College of Arts and 

Sciences. "Mercury is a relatively new indicator for 

researchers. It has become a hot topic for investigating 

volcanic influences on major events in Earth's history," 

Algeo said. 

Researchers use the sharp fossilized teeth of lamprey-

like creatures called conodonts to date the rock in 

which the mercury was deposited. Like most other 

creatures on the planet, conodonts were decimated by 

the catastrophe. 

The eruptions propelled as much as 3 million cubic 

kilometers of ash high into the air over this extended 

period. To put that in perspective, the 1980 eruption of 

Mount St. Helens in Washington sent just 1 cubic 

kilometer of ash into the atmosphere, even though ash 

fell on car windshields as far away as Oklahoma. 

In fact, Algeo said, the Siberian Traps eruptions 

spewed so much material in the air, particularly 

greenhouse gases, that it warmed the planet by an 

average of about 10 degrees centigrade. 

The warming climate likely would have been one of the 

biggest culprits in the mass extinction, he said. But acid 

rain would have spoiled many bodies of water and 

raized the acidity of the global oceans. And the warmer 

water would have had more dead zones from a lack of 

dissolved oxygen. 

"We're often left scratching our heads about what 

exactly was most harmful. Creatures adapted to colder 

environments would have been out of luck," Algeo 

said. "So my guess is temperature change would be the 

No. 1 killer. Effects would exacerbated by acidification 

and other toxins in the environment." 

Stretching over an extended period, eruption after 

eruption prevented the Earth's food chain from 

recovering. "It's not necessarily the intensity but the 

duration that matters," Algeo said. "The longer this 

went on, the more pressure was placed on the en-

vironment." 

Likewise, the Earth was slow to recover from the 

disaster because the ongoing disturbances continued to 

wipe out biodiversity, he said. Earth has witnessed five 

known mass extinctions over its 4.5 billion years. 

Scientists used another elemental signature -- iridium -

- to pin down the likely cause of the global mass 

extinction that wiped out the dinosaurs 65 million years 

ago. They believe an enormous meteor struck what is 

now Mexico. 

The resulting plume of superheated earth blown into 

the atmosphere rained down material containing 

iridium that is found in the geologic record around the 

world. 

Shen said the mercury signature provides convincing 

evidence that the Siberian Traps eruptions were 

responsible for the catastrophe. Now researchers are 

trying to pin down the extent of the eruptions and which 

environmental effects in particular were most 

responsible for the mass die-off, particularly for land 

animals and plants. 

Shen said the Permian extinction could shed light on 

how global warming today might lead to the next mass 

extinction. If global warming, indeed, was responsible 

for the Permian die-off, what does warming portend for 

humans and wildlife today? "The release of carbon into 

the atmosphere by human beings is similar to the 

situation in the Late Permian, where abundant carbon 

was released by the Siberian eruptions," Shen said. 

Algeo said it is cause for concern.  "A majority of 

biologists believe we're at the cusp of another mass 

extinction -- the sixth big one. I share that view, too," 

Algeo said. "What we should learn is this will be 

serious business that will harm human interests so we 

should work to minimize the damage." 

People living in marginal environments such as arid 

deserts will suffer first. This will lead to more climate 

refugees around the world.  "We're likely to see more 

famine and mass migration in the hardest hit places. It's 

a global issue and one we should recognize and 

proactively deal with. It's much easier to address these 

problems before they reach a crisis." 

Journal Reference: Jun Shen, Jiubin Chen, Thomas J. 

Algeo, Shengliu Yuan, Qinglai Feng, Jianxin Yu, Lian 

Zhou, Brennan O’Connell, Noah J. Planavsky. 

Evidence for a prolonged Permian–Triassic extinction 

interval from global marine mercury records. Nature 

Communications, 2019; 10 (1) DOI: 10.1038/s41467-

019-09620-0 
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