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MEETING ANNOUNCEMENT 
 

DATE: Wednesday, June 26, 2019 

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

          (see map on back page) 

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

SPEAKER:            Dr. Jonathan Lilien  

Enterprise Health Environment & 

Safety (HES) Sponsor,  

Chevron Corporation 

TOPIC:     “Environmental Aspects of Oil & Gas 

Production in California” 

This presentation will describe current environmental regulatory 

and public stakeholder challenges facing oil & gas production in 

California, and the approaches industry is using to manage these 

issues and protect its license to operate.  

  

Biography: 

Jonathan Lilien is Enterprise Health Environment & Safety (HES) 

sponsor for Chevron, where he is responsible for 

people/leadership development, job selections, and succession 

planning within the Chevron global HES function. He has been 

with Chevron for over 16 years in a series of supervisory and 

technical HES roles across the Americas, Eurasia, and Asia-

Pacific. Prior to coming to Chevron, Jonathan was a Clean Water 

Act regulator with the U.S. Army Corps of Engineers and U.S. 

Environmental Protection Agency. He holds a Doctorate in 

Environmental Science and Engineering from UCLA and is an 

adjunct professor in the School of Earth, Energy, and 

Environmental Sciences at Stanford University.   
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mailto:ctreplogle@gmail.com
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NCGS 2019 – 2020 Calendar  

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 
 

 

NCGS May 29, 2019 Annual Dinner 

The May 2019 annual dinner meeting marked the 75th 

anniversary of NCGS’s founding. To celebrate, Will 

Schweller set up an excellent beverage table with 

assorted drinks; dinner included Back Forty BBQ 

chicken and ribs, potato salad, corn, and vegetarian 

selections. 

Crystal Replogle reported a very successful silent 

auction. Barbara Matz indicated a total take of $476, 

which will go toward the GSA Mount Diablo 

publication. The Lifetime Member Award was 

presented to Dr. Doris Sloan; the Education Award 

went to Mikko Bojarsky. 

This year’s featured keynote speaker was Dr. Tanya 

Atwater, Professor Emeritus, UC Santa Barbara who 

gave a PowerPoint presentation: “The Wonderful, 

Frenetic Years of the Plate Tectonic Revolution: How 

It Was to be in the Middle of It.” Tanya’s talk revolved 

around the early years of plate tectonic investigations 

and although she was quite modest about her 

contributions, she really was the one of the first 

geologists that started the plate tectonic revolution with 

publication of: Implications of Plate Tectonic 

Evolution of Western North America in the December 

1970 GSA Bulletin (v.81, pp. 3513-3536). In 

retirement Tanya now focuses on public education and 

her website with freely downloadable animations 

(http://emvc.geol.ucsb.edu/). 

(Photos and narrative by Bill Motzer.  Thanks very 

much, Bill!) 

 
Will Schweller’s beverage table. 

 
Barbara Matz with Back Forty BBQ dinner selections. 

 
Silent auction table with guidebooks, Brunton 

compass, and wine.  

 
Silent auction table with rock & mineral specimens 
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Doris Sloan receiving Lifetime Membership award 

from NCGS President Greg Bartow. 

 
Mikko Bojarsky receiving Teacher of the Year Award 

from Paul Henshaw. 

 
John Karachewski presenting Doris Sloan’s Geology 

of the San Francisco Bay Region guidebook to 

Tanya Atwater in thanks for her presentation. 

 

 
Autographed copy of Tanya Atwater’s seminal plate 

tectonics paper (Bill Motzer personal copy). 
 

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.  
 

NCGS Outreach 
 

Just a brief note that the outreach team will have a 

booth at the San Francisco Gem and Mineral Show on 

August 3 and 4.  If interested in helping staff the booth, 

please contact our Outreach Chair, Mark Petrofsky, at 

mpetrof @ hotmail.com.  
 

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 
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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.  

 

 

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, 

June 27 at 7 pm by Paul Steblein, USGS Wildland 

Fire Science Coordinator, on USGS Fire Science: 

Understanding why wildlands burn and what can 

be done about it.  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. 
 

 

Billion-Year Walk! 

Volunteers Wanted 

[Kat Burnham forwards the following letter on an 

opportunity to assist in geological education:] 

Dear Bay Area friends of NCSE, 

I thought that you might like to know about a chance 

to help with informal science education right here in 

the Bay Area. The Bay Area Skeptics, the National 

Center for Science Education, the University of 

California Museum of Paleontology, and the 

Frederick E. Hart Foundation for Educational 

Opportunity are sponsoring a Billion Year Walk 

around Oakland's Lake Merritt on Saturday, July 27. 

 

There are positions for science docent volunteers, 

and there are positions for other volunteers.  

Minimum qualifications for docents: 

 Degree or equivalent in geology, biology, 

paleontology, or climatology 

 Good verbal communication skills 

 People from all segments of our community will be 

walking around Lake Merritt throughout the day as 

families, couples, and individuals. They will read 

signposts stationed around the Lake with information 

on the natural history of Earth during the last billion 

years. Each of the 42 signs has one or more QR 

codes, mostly for Wikipedia pages. The goals of the 

Billion Year Walk are to provide the general public 

https://www.parks.ca.gov/?page_id=29631
http://ncgeolsoc.org/
http://eps.berkeley.edu/events/seminars
https://online.wr.usgs.gov/calendar/
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with a science experience and to introduce them to 

Deep Time. 

Docents will: 

 staff a science station (table with fossils or 

science demonstration) 

 introduce walkers to the event 

o encourage them to sign in and leave an 

email address for other local science 

events 

o demonstrate the 'time scale' they will be 

walking 

o hand out (if they want them) 

o tree & bird guides 

o passports to kids 5 – 10 years old 

o map with drinking fountains and 

restrooms 

o science quiz & pencils 

o bottles of water 

o answer questions 

 welcome walkers back 

o more water! 

o give tiny toy dinosaurs to whomever 

wants one (or two) 

o give the quiz answer key to those who 

used the (tricky hard) quiz 

o answer questions 

 roam about. You will answer questions 

walkers may have, and when appropriate say, 

"That’s a good question but I do not know the 

answer. That would be a great thing to 

Google." 

Volunteers (docent & non-docent) will: 

 hand out flyers the weekend before the Walk 

 fill sandbags the weekend before the Walk 

(they keep signs from blowing over) 

 set up and take down the 42 signs 

 set up and take down the science stations 

 set up and take down cardboard dinosaurs 

 set up and take down paraphernalia at the 

Rotary Science Center 

You will meet with other volunteers and staff at 9:30 

a.m. on the day of the Walk for an orientation. 

If this is for you, reply to David Almandsmith at 

david.almandsmith@gmail.com. 

For further information about the Billion-Year 

Walking (including a PDF flyer), visit: 

http://baskeptics.org/billion-year-walk/ 

Sincerely, 

Glenn Branch, Deputy Director 

P.S. Your support of NCSE will help to ensure that 

students have access to accurate and effective 

evolution and climate change education. Please 

consider making a contribution to advance our work 

today. 
 

A tectonic plate may have peeled 

apart—and that could shrink the 

Atlantic Ocean 

Something strange is happening off the coast of 

Portugal, and scientists have now proposed a 

groundbreaking explanation 

By Maya Wei-Haas 

National Geographic, May 6, 2019 

  

An oceanic plate dives beneath another in an 

illustration of a subduction zone. Studies of tectonic 

activity off the coast of Portugal may reveal a new 

subduction zone being born. 

Illustration by National Geographic, Art: Tomáš 

Müller, Graphic Editors: Manuel Canales, Matthew 

Chwastyk, Research: Ryan Williams 

For years, João Duarte has puzzled over a seemingly 

boring underwater expanse off the coast of Portugal. In 

1969, this site spawned a massive earthquake that 

rattled the shore and sparked a tsunami. But you would 

never know why just from looking at the broad, 

featureless surface of the seabed. Duarte, a marine 
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geologist from the Instituto Dom Luiz at the University 

of Lisbon, wanted to find out what was going on. 

Now, 50 years after the event, he may finally have an 

answer: The bottom of the tectonic plate off Portugal's 

coast seems to be peeling away from its top. This action 

may be providing the necessary spark for one plate to 

start grinding beneath another in what's known as a 

subduction zone, according to computer simulations 

Duarte presented in April at the European Geosciences 

Union meeting. 

If confirmed, the new work would be the first time an 

oceanic plate has been caught in the act of peeling—

and it may mark one of the earliest stages of the 

Atlantic Ocean shrinking, sending Europe inching 

toward Canada as predicted by some models of tectonic 

activity. 

“It’s certainly an interesting story,” says the University 

of Oslo's Fabio Crameri, who was not part of the 

research team but who attended the EGU lecture. 

Duarte presented some strong arguments, he says, but 

he cautions that the model needs further testing—not 

an easy feat when your data comes from a natural 

process that works at the speed at which fingernails 

grow.   

The tectonic parade 

Earth's tectonic plates are constantly in a slow-motion 

march, with some edges pulling apart and others 

colliding. At least three times in our planet's 4.54-

billion-year history, the ever-shifting landmasses 

glommed into mighty supercontinents, only to 

eventually reverse course and break apart. Subduction 

zones are major driving forces behind this tectonic 

conveyor belt, as they pull oceanic crust and upper 

mantle down to depth, recycling the rocks and dragging 

continents around in the process. 

So how do subduction zones start? “It’s one of the 

biggest unsolved problems in plate tectonics,” Duarte 

says. One way to locate subduction zones—and 

perhaps also baby subduction zones—is to follow the 

earthquakes. Around 90 percent of the world's quakes 

pop off in the disjointed string of subduction zones that 

trace the so-called ring of fire, which stretches in an arc 

around the Pacific Ocean from the southern tip of South 

America to New Zealand, by way of the Bering Sea. 

(Read about how the powerful 2017 earthquake in 

Mexico seems to have snapped a tectonic plate in two.) 

But the Iberian Peninsula, which includes Spain and 

Portugal, is on the other side of the world, touching the 

Atlantic Ocean. Here, plates instead pull apart down the 

ocean's middle and form new crust, and the edges of 

most surrounding landmasses transition from continent 

to ocean on a single plate. Iberia's situation, however, 

is a little more complex. It's located just north of the 

boundary between the Eurasian and African plates, 

which both largely creep eastward. A slight twist in the 

African plate's movement squishes the Eurasian plate 

northward, but scientists still would not expect massive 

temblors to strike just off the coast of Portugal. So over 

the years, researchers flocked to the region to study the 

unusual happenings. 

“This was mostly the work of connecting the dots,” 

Duarte says of the latest research. One of the first dots 

in question was the unusual location of the 1969 

earthquake's epicenter: a featureless expanse known as 

the Horseshoe abyssal plain. In this region, there are no 

obvious signs of faults, contorted landscapes, or 

underwater mountains—all features that would point to 

some tectonic mischief. 

“It's like the plains of Kansas under 4.8 kilometers 

[three miles] of water,” says geologist Marc-André 

Gutscher of the University of Brest, who attended the 

EGU lecture and has conducted extensive research in 

the region. 

In 2012, a team of researchers decided to dig even 

deeper using seismic waves. The method is somewhat 

similar to an ultrasound, since the waves of an 

earthquake scatter and change speed when they strike 

Earth's internal structures that are different in 

temperature and composition. That work identified a 

curious dense mass lingering directly under the place 

where the 1969 earthquake struck. Further analysis 

hinted that this might be the start of a subduction zone. 

But no traces of such a zone lingered at the surface, so 

Duarte initially presumed the strange body was a false 

reading. That changed in 2018, when Chiara Civiero, a 

postdoctoral researcher at University of Lisbon's 

Instituto Dom Luiz, and her colleagues published a 

high-resolution peek into Earth in this region, and the 

unusual blob persisted. 

“Now we are 100-percent sure it's there,” Duarte says. 

Other researchers found that above this deep body, 

which stretches 155 miles below the surface, tiny 

quakes seemed to tremble. The key, he says, likely lies 

in an seemingly innocuous layer in the middle of the 

tectonic plate. Past work suggested that water 

percolating through the ocean plate's web of fractures 

had reacted with the rocks below the surface, 

transforming them into soft green minerals in a process 

known as serpentinization. Perhaps this layer provided 

just enough weakness to allow the denser bottom of the 

plate to peel away. Scientists believe tectonic peeling 

may be common under thick continental plates through 

a slightly different mechanism, and possibly even in old 

subduction zones, but it has never been documented 

before in pristine oceanic plates. 
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Duarte teamed up with geologist Nicolas Riel, of 

Johannes Gutenberg University Mainz in Germany, to 

craft a numerical model that included both the 

serpentinized layer and fracture zones nearby. The 

result revealed a drip-like shape that formed beneath 

the ocean plate as its bottom layers began peeling away, 

which sparked deep fractures that seemed to be a baby 

subduction zone. “It was amazing,” Duarte says. 

In a blink of geologic time 

Duarte is not the first to propose these curious 

happenings off Portugal's coast, but it's the first time 

there are data to back it up. More than four decades ago, 

Yoshio Fukao, who is currently at the Japan Agency for 

Marine-Earth Science and Technology, began zeroing 

in on the deep faults behind the 1969 quake. Then in 

1975, Michael Purdy, who is now executive vice 

president of research at Columbia University, sketched 

out an image of what he thought happened 

underground—and it looks strikingly similar to the 

results of the new model. 

“It sounds wild, it sounds crazy, but it was not my 

idea,” Duarte quips. “He drew in 1975 the result I have 

in my numerical model—it’s mind-blowing.” 

The work has yet to appear in a peer-reviewed journal, 

and for now, other geologists are approaching the 

results with a mix of cautious excitement and healthy 

skepticism. “Most of what we know so far is that new 

subduction tends to stay in the places where we already 

have ongoing subduction,” Crameri says. “But that 

doesn’t mean it won’t happen.” 

Importantly, the model does seem to explain the 

unusual featureless expanse that lies above the 

earthquake's point of origin, Gutscher notes. The 

thorough work also includes many of the forces that 

would be at play due to the spidery fractures that 

surround the area of interest, adds Valentina Magni of 

the University of Oslo, who was an organizer of the 

EGU session. But she remains dubious that the model 

actually matches reality. 

“I think it’s very hard to start subduction just like that 

where nothing around is happening,” she says. Duarte 

and his coauthors are currently working on writing up 

their research to submit for publication, so their data 

can be more widely reviewed and debated. If accepted, 

he says, he's sending the first copy to Purdy. 
 

 

 

Glacial sediments greased the gears 

of plate tectonics 

New research highlights the connection between 

worldwide glaciations, sediments and plate 

tectonics 

ScienceDaily, June 5, 2019  

Source: University of Maryland 

Earth's outer layer is composed of giant plates that 

grind together, sliding past or dipping beneath one 

another, giving rise to earthquakes and volcanoes. 

These plates also separate at undersea mountain ridges, 

where molten rock spreads from the centers of ocean 

basins. 

But this was not always the case. Early in Earth's 

history, the planet was covered by a single shell dotted 

with volcanoes -- much like the surface of Venus today. 

As Earth cooled, this shell began to fold and crack, 

eventually creating Earth's system of plate tectonics. 

According to new research, the transition to plate 

tectonics started with the help of lubricating sediments, 

scraped by glaciers from the slopes of Earth's first 

continents. As these sediments collected along the 

world's young coastlines, they helped to accelerate the 

motion of newly formed subduction faults, where a 

thinner oceanic plate dips beneath a thicker continental 

plate. 

The new study, published June 6, 2019 in the journal 

Nature, is the first to suggest a role for sediments in the 

emergence and evolution of global plate tectonics. 

Michael Brown, a professor of geology at the 

University of Maryland, co-authored the research paper 

with Stephan Sobolev, a professor of geodynamics at 

the GFZ German Research Centre for Geosciences in 

Potsdam. 

The findings suggest that sediment lubrication controls 

the rate at which Earth's crust grinds and churns. 

Sobolev and Brown found that two major periods of 

worldwide glaciation, which resulted in massive 

deposits of glacier-scrubbed sediment, each likely 

caused a subsequent boost in the global rate of plate 

tectonics. 

The most recent such episode followed the "snowball 

Earth" that ended sometime around 635 million years 

ago, resulting in Earth's modern plate tectonic system. 

"Earth hasn't always had plate tectonics and it hasn't 

always progressed at the same pace," Brown said. "It's 

gone through at least two periods of acceleration. 

There's evidence to suggest that tectonics also slowed 

to a relative crawl for nearly a billion years. In each 
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case, we found a connection with the relative 

abundance -- or scarcity -- of glacial sediments." 

Just as a machine needs grease to keep its parts moving 

freely, plate tectonics operates more efficiently with 

lubrication. While it may be hard to confuse the gritty 

consistency of clay, silt, sand and gravel with a slippery 

grease, the effect is largely the same at the continental 

scale, in the ocean trenches where tectonic plates meet. 

"The same dynamic exists when drilling Earth's crust. 

You have to use mud -- a very fine clay mixed with 

water or oil -- because water or oil alone won't work as 

well," Brown said. "The mud particles help reduce 

friction on the drill bit. Our results suggest that tectonic 

plates also need this type of lubrication to keep 

moving." 

Previous research on the western coast of South 

America was the first to identify a relationship between 

sediment lubrication and friction along a subduction 

fault. Off the coast of northern Chile, a relative lack of 

sediment in the fault trench creates high friction as the 

oceanic Nazca plate dips beneath the continental South 

America plate. This friction helped to push the highest 

peaks of the central Andes Mountains skyward as the 

continental plate squashed and deformed. 

In contrast, further south there is a higher sediment load 

in the trench, resulting in less friction. This caused less 

deformation of the continental plate and, consequently, 

created smaller mountain peaks. But these findings 

were limited to one geographic area. 

For their study, Sobolev and Brown used a geodynamic 

model of plate tectonics to simulate the effect of 

sediment lubrication on the rate of subduction. To 

verify their hypothesis, they checked for correlations 

between known periods of widespread glaciation and 

previously published data that indicate the presence of 

continental sediment in the oceans and trenches. For 

this step, Sobolev and Brown relied on two primary 

lines of evidence: the chemical signature of the 

influence of continental sediments on the chemistry of 

the oceans and indicators of sediment contamination in 

subduction-related volcanoes, much like those that 

make up today's "ring of fire" around the Pacific Ocean. 

According to Sobolev and Brown's analysis, plate 

tectonics likely emerged on Earth between 3 and 2.5 

billion years ago, around the time when Earth's first 

continents began to form. This time frame also 

coincides with the planet's first continental glaciation. 

A major boost in plate tectonics then occurred between 

2.2 to 1.8 billion years ago, following another global 

ice age that scrubbed massive amounts of sediments 

into the fault trenches at the edges of the continents. 

The next billion years, from 1.75 billion to 750 million 

years ago, saw a global reduction in the rate of plate 

tectonics. This stage of Earth's history was so sedate, 

comparatively speaking, that it earned the nickname 

"the boring billion" among geologists. 

Later, following the global "snowball Earth" glaciation 

that ended roughly 635 million years ago, the largest 

surface erosion event in Earth's history may have 

scrubbed more than a vertical mile of thickness from 

the surface of the continents. According to Sobolev and 

Brown, when these sediments reached the oceans, they 

kick-started the modern phase of active plate tectonics. 

Journal Reference: Stephan V. Sobolev, Michael 

Brown. Surface erosion events controlled the evolution  

of plate tectonics on Earth. Nature, 2019; 570 (7759): 

52 DOI: 10.1038/s41586-019-1258-4.  
 

 

Earth recycles ocean floor into 

diamonds  

ScienceDaily, May 29, 2019  

Source: Macquarie University 

The diamond on your finger is most likely made of 

recycled seabed cooked deep in the Earth. Traces of salt 

trapped in many diamonds show the stones are formed 

from ancient seabeds that became buried deep beneath 

the Earth's crust, according to new research led by 

Macquarie University geoscientists in Sydney, 

Australia. Most diamonds found at the Earth's surface 

are formed this way; others are created by 

crystallization of melts deep in the mantle. 

In experiments recreating the extreme pressures and 

temperatures found 200 kilometers underground, Dr 

Michael Förster, Professor Stephen Foley, Dr Olivier 

Alard, and colleagues at Goethe Universität and 

Johannes Gutenberg Universität in Germany, have 

demonstrated that seawater in sediment from the 

bottom of the ocean reacts in the right way to produce 

the balance of salts found in diamond. 

The study, published in Science Advances, settles a 

long-standing question about the formation of 

diamonds. "There was a theory that the salts trapped 

inside diamonds came from marine seawater, but 

couldn't be tested," says lead author Michael. "Our 

research showed that they came from marine 

sediment." 

Diamonds are crystals of carbon that form beneath the 

Earth's crust in very old parts of the mantle. They are 
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brought to the surface in volcanic eruptions of a special 

kind of magma called kimberlite. 

While gem diamonds are usually made of pure carbon, 

so-called fibrous diamonds, which are cloudy and less 

appealing to jewellers, often include small traces of 

sodium, potassium and other minerals that reveal 

information about the environment where they formed. 

These fibrous diamonds are commonly ground down 

and used in technical applications like drill bits. Fibrous 

diamonds grow more quickly than gem diamonds, 

which means they trap tiny samples of fluids around 

them while they form. 

"We knew that some sort of salty fluid must be around 

while the diamonds are growing, and now we have 

confirmed that marine sediment fits the bill," says 

Michael. 

For this process to occur, a large slab of sea floor would 

have to slip down to a depth of more than 200 

kilometers below the surface quite rapidly, in a process 

known as subduction in which one tectonic plate slides 

beneath another. The rapid descent is required because 

the sediment must be compressed to more than four 

gigapascals (40,000 times atmospheric pressure) before 

it begins to melt in the temperatures of more than 

800°C found in the ancient mantle. 

To test the idea, team members at the Johannes 

Gutenberg Universität Mainz and Goethe Universität 

Frankfurt in Germany carried out a series of high-

pressure, high-temperature experiments. 

They placed marine sediment samples in a vessel with 

a rock called peridotite that is the most common kind 

of rock found in the part of the mantle where diamonds 

form. Then they turned up the pressure and the heat, 

giving the samples time to react with one another in 

conditions like those found at different places in the 

mantle. 

At pressures between four and six gigapascals and 

temperatures between 800°C and 1100°C, 

corresponding to depths of between 120 and 180 

kilometers below the surface, they found salts formed 

with a balance of sodium and potassium that closely 

matches the small traces found in diamonds. 

"We demonstrated that the processes that lead to 

diamond growth are driven by the recycling of oceanic 

sediments in subduction zones," says Michael. 

"The products of our experiments also resulted in the 

formation of minerals that are necessary ingredients for 

the formation of kimberlite magmas, which transport 

diamonds to the Earth's surface." 

Journal Reference: Michael W. Förster, Stephen F. 

Foley, Horst R. Marschall, Olivier Alard, Stephan 

Buhre. Melting of sediments in the deep mantle 

produces saline fluid inclusions in diamonds. Science 

Advances, 2019; 5 (5): eaau2620 DOI: 

10.1126/sciadv.aau2620. 
 

Upper Cretaceous Amber: Its First 

Biological Inclusions 

Friedman, Virginia, Santiago-Blay, Jorge A., Vega, 

Francisco J., Serrano, Maria de Lourdes, Mustoe, 

George E., and Lambert, Joseph B. 

–  Abstract from a talk presented at the 8th International 

Conference on Fossil Insects, Arthropods, and Amber, 

Santo Domingo, 2019 

[Editor’s Note:  Virginia Friedman is a paleontologist 

who attended graduate school at UC Davis and has 

remained a member of the NCGS,  even though she moved 

back to Texas and now lives in Texas. Thanks for the 

submittal, Virginia!] 

Amber has recently been found in North Central Texas, 

at the stratigraphic level of the non-marine Dexter 

Member of the Woodbine Group. Chromatically, it 

varies from pale yellow to yellow, orange to reddish. 

Some clasts are transparent, whereas others are dark 

brown or white opaque. Sizes vary fgrom 1 mm to 30 

mm in diameter. When broken, they present conchoidal 

fractures. 

The North Central Texas amber has been chemically 

characterized by the following analytical techniques: 
13C NMR, 1H NMR, FTIR and GC/MS. These studies 

assign the Texas amber to Group A, equivalent to Class 

1b and, as such, the botanical origin is vonsidered to be 

coniferous. 

Palynologic studies of the sediments were carried out 

to elucidate the paleoenvironment of the deposition. 

Results show a low-diversity palynomorph assemblage 

suggestive of a nearby source that is composed 

primarily of conifer pollen Pinuspollenites spp.) and 

fern spores (such as Deltoidospora hallei and 

Biretisporites potoniaea).  The assemblage indicates a 

non-marine, fluvial deltaic environment. The kerogen 

composition of the sediment is also characteristic of a 

fluvial system. Based on stratigraphic and palynologic 

data, the age of the amber is assigned to the early 

Cenomanian (ca. 97 Ma). 

The observation of abundant charred wood and fusain 

present at the horizon of the amber indicated the direct 

effect of fire at or immediately prior to the time when 

the deposit was laid down. Macroscopic and 

microscopic analyses of the sediments, including SEM 
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inaging, have led to its identification as charcoal. Given 

the degree of charring, it is doubtful that amber would 

survive such fires. The amber and the charcoal 

association is possibly due to hydraulic sorting. It 

appears that the material was fluvially transported. The 

presence of fine sand in the sediment provides 

additional evidence of a fluvial contribution, 

suggesting a stream-fed, swamp-like environment. 

Conifer wood charcoal is common in other amber 

localities worldwide. 

The search for inclusions in the Texas amber is in 

progress. The organic inclusions found are: spherical 

and elongated bubblers, bubbles inside bubbles, and 

acicular crystals. Some amber pieces present abundant 

plant debris. An ovoid microinclusion, about 800 

microns long, a headless beetle (Coleoptera) possible 

in the suborder Polyphaga, was found in a piece of 

clear, yellow-orange amber. Other microinclusions are 

currently being imaged for indertification. Without 

question, there is a Cretaceous microbiota in the Texas 

amber waiting for further analysis.  
 
 

Study provides new insight into 

origin of Canadian Rockies 

Research suggests the mountains formed in a 

westward collision event more than 100 million 

years ago 

ScienceDaily, June 6, 2019  

Source: University of Alberta 

 

Banff National Park, Canadian Rockies (stock image). 

          Credit: © Lubomir / Adobe Stock 

The Canadian Rocky Mountains were formed when the 

North American continent was dragged westward 

during the closure of an ocean basin off the west coast 

and collided with a microcontinent over 100 million 

years ago, according to a new study by University of 

Alberta scientists. 

The research, based on high resolution data of Earth's 

subsurface at the Alberta-British Columbia (BC) 

border, favours an interpretation different from the 

traditional theory of how the Canadian Rocky 

Mountains formed. The traditional theory, known as 

the accretion model, suggests that a gradual 

accumulation of additional matter eventually formed 

the Canadian Rockies -- unlike the sudden collision 

event proposed by this research. 

"This research provides new evidence that the 

Canadian section of this mountain range was formed by 

two continents colliding," said Jeffrey Gu, professor in 

the Department of Physics and co-author on the study. 

"The proposed mechanism for mountain building may 

not apply to other parts of the Rocky Mountains due to 

highly variable boundary geometries and 

characteristics from north to south." 

The study involved seismic data collected from a dense 

network of seismic stations in western Alberta and 

eastern BC, combined with geodynamic calculations 

and geological observations. The results suggest that an 

ocean basin off North America's west coast descended 

beneath the ribbon-shaped microcontinent, dragging 

North America westward, where it collided with the 

microcontinent. 

"This study highlights how deep Earth images from 

geophysical methods can help us to understand the 

evolution of mountains, one of the most magnificent 

processes of plate tectonics observed at the Earth's 

surface," said Yunfeng Chen, who conducted this 

research during his PhD studies under the supervision 

of Gu. Chen received the Faculty of Science Doctoral 

Dissertation Award in 2018. 

"There are other mountain belts around the world 

where a similar model may apply," said Claire Currie, 

associate professor of physics and co-author on the 

study. "Our data could be important for understanding 

mountain belts elsewhere, as well as building our 

understanding of the evolution of western North 

America." 

Alberta and British Columbia communities supported 

these research efforts by hosting seismic stations on 

their land. This research is also supported by the 

Alberta Energy Regulator. 

Journal Reference: Yunfeng Chen, Yu Jeffrey Gu, 

Claire A. Currie, Stephen T. Johnston, Shu-Huei Hung, 

Andrew J. Schaeffer, Pascal Audet. Seismic evidence 

for a mantle suture and implications for the origin of 

the Canadian Cordillera. Nature Communications, 

2019; 10 (1) DOI: 10.1038/s41467-019-09804-8.  
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How tides can trigger earthquakes 

A new study reveals the inner workings of tidally 

triggered earthquakes, and finds that even the 

slightest stress can set off a tremor 

ScienceDaily, June 7, 2019  

Source: Earth Institute at Columbia University 

The tides are turning in a quest to solve an earthquake 

mystery. Years ago, scientists realized that earthquakes 

along mid-ocean ridges -- those underwater mountain 

ranges at the edges of the tectonic plates -- are linked 

with the tides. But nobody could figure out why there's 

an uptick in tremors during low tides. 

"Everyone was sort of stumped, because according to 

conventional theory, those earthquakes should occur at 

high tides," explained Christopher Scholz, a 

seismologist at Columbia University's Lamont-

Doherty Earth Observatory. 

In a study published today in Nature Communications, 

he and his colleagues have uncovered the mechanism 

for this seeming paradox, and it comes down to the 

magma below the mid-ocean ridges. 

"It's the magma chamber breathing, expanding and 

contracting due to the tides, that's making the faults 

move," said Scholz, who co-led the study along with 

Lamont-Doherty graduate student Yen Joe Tan. 

Going against the tide 

The low tide correlation is surprising because of the 

way the mid-ocean fault moves. Scholz described the 

fault as a tilted plane that separates two blocks of earth. 

During movement, the upper block slides down with 

respect to the lower one. So, scientists expected that at 

high tides, when there is more water sitting on top of 

the fault, it would push the upper block down and cause 

the earthquakes. But that's not what happens. Instead, 

the fault slips down during low tide, when forces are 

actually pulling upwards -- "which is the opposite of 

what you'd expect," said Scholz. 

To get to the bottom the mystery, he, Tan, and Fabien 

Albino from the University of Bristol studied the Axial 

Volcano along the Juan de Fuca Ridge in the Pacific 

Ocean. Because the volcano erupts every ten years or 

so, scientists have set up dense networks of ocean 

bottom instruments to monitor it. The team used the 

data from those instruments to model and explore 

different ways the low tides could be causing the 

tremors. 

In the end, it came down to a component that no one 

else had considered before: the volcano's magma 

chamber, a soft, pressurized pocket below the surface. 

The team realized that when the tide is low, there is less 

water sitting on top of the chamber, so it expands. As it 

puffs up, it strains the rocks around it, forcing the lower 

block to slide up the fault, and causing earthquakes in 

the process. 

Furthermore, said Scholz, the tidal earthquakes in this 

region are "so sensitive that we can see details in the 

response that nobody could ever see before." When the 

team charted the earthquake rate versus the stress on 

the fault, they realized that even the tiniest stress could 

trigger an earthquake. The tidal data helped to calibrate 

this effect, but the triggering stress could be caused by 

anything -- such as the seismic waves from another 

earthquake, or fracking wastewater pumped into the 

ground. 

"People in the hydrofracking business want to know, is 

there some safe pressure you can pump and make sure 

you don't produce any earthquakes?" said Scholz. "And 

the answer that we find is that there isn't any -- it can 

happen at any level of stress." 

Of course, a small stress over a small area isn't going to 

cause a devastating earthquake, and the exact amount 

of stress needed varies from place to place. "Our point 

is there's no intrinsic stress that has to be exceeded to 

cause an earthquake," says Scholz. "There isn't any rule 

of thumb."  

Journal Reference: Christopher H. Scholz, Yen Joe 

Tan, Fabien Albino. The mechanism of tidal triggering 

of earthquakes at mid-ocean ridges. Nature 

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

019-10605-2.  
 

Researchers examine the age of 

groundwater in Egyptian aquifers 

ScienceDaily, May 23, 2019  

Source: University of Delaware  

Most of the water used by people in Egypt comes from 

the Nile River, which originates from precipitation over 

mountainous areas in the Ethiopian highlands. In areas 

far from the Nile River Valley, however, where water 

is scarce and the population is growing, groundwater is 

the only available freshwater resource. 

Knowing how much water is available in the 

groundwater aquifers and how fast it is being 

replenished is vital for providing the population with 

water for drinking and irrigation. Determining the age 

of water sources helps in those calculations. 

A new study from the University of Delaware looked 

at chlorine isotopes as chemical tracers to determine the 
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age and origin of groundwaters from the Eastern Desert 

of Egypt. The research was led by doctoral candidate 

Mahmoud Sherif and Neil Sturchio from UD and 

Mohamed Sultan from Western Michigan University. 

The work resulted in a paper recently published in the 

Earth and Planetary Science Letters journal. 

While groundwater provides only seven percent of the 

water supply in Egypt, Egyptian water authorities have 

recently given renewed attention to increasing its 

exploitation, especially in eastern Egypt, to mitigate the 

growing water stress and to accommodate agriculture 

projects. 

To measure the age and origin of the groundwater, 29 

samples were collected from different wells during 

several field expeditions in Egypt. The researchers used 

the long-lived radioactive isotope chlorine-36 to 

estimate the age of the groundwaters; this isotope forms 

in the atmosphere and travels to the earth and has a half-

life of 300,000 years. 

Sturchio, professor and chair of the Department of 

Geological Sciences in UD's College of Earth, Ocean 

and Environment, said that the Eastern Desert is 

interesting because while it is still dry and arid, it gets 

more rain than the Western Desert of Egypt. 

Because of this rain, the researchers were curious to see 

if the groundwater in the Eastern Desert might be 

generally younger than the water found in the Western 

Desert, but were surprised by their findings. 

"In the shallow aquifers you would expect young water, 

perhaps 50-100 years old, because it's coming down as 

rain and flowing out towards the Nile Valley," said 

Sturchio. "But in some of these aquifers, Mahmoud 

found water that's apparently 200,000 years old." 

Sturchio said that while the water is probably not 

actually 200,000 years old, the fact that it appears that 

way shows that older water from the Nubian Aquifer 

comes up along faults in the rocks and mixes in with 

the shallow water, carrying some of the older chlorine 

with it. 

The water coming up from the deeper aquifer likely 

ended up there when the climate was much wetter -- as 

far back as a million years ago -- with abundant rainfall 

that caused a lot of water to seep into the ground and 

collect in the very thick, porous sandstone. Sherif said 

that finding this natural discharge from the deep 

aquifers through these faults to the shallower aquifers 

is important for the developmental plan for the area. 

"When we quantify the amount of water in the shallow 

aquifer, we have to consider the water coming up from 

the deeper aquifer," said Sherif. "It's an additional 

source and instead of drilling very deep wells, which is 

very expensive, the [Egyptian government] won't have 

to. They can reduce the cost." 

Sturchio said that while Egypt is lucky that it has a lot 

of water from the Nile, there is only so much water that 

can be taken out of the river according to an 

international agreement. That is why it is critical in 

areas like the Eastern Desert to identify and use these 

groundwater resources. 

"The young groundwater that comes down as rain and 

takes about 50 to 100 years to flow to the Nile is being 

used for irrigation in some places. But some of the 

water they're pumping out comes from the much older 

groundwater in aquifer underneath," said Sturchio. 

"You really want to know how much of that water you 

can pump out before you're over-pumping it and using 

it up too fast. You don't want to pump it out faster than 

it can replenish itself, ideally. Knowing the 

groundwater age is part of the basis for developing a 

good strategy for using it." 

Journal Reference: Mahmoud I. Sherif, Mohamed 

Sultan, Neil C. Sturchio. Chlorine isotopes as tracers of 

solute origin and age of groundwaters from the Eastern 

Desert of Egypt. Earth and Planetary Science Letters, 

2019; 510: 37 DOI: 10.1016/j.epsl.2018.12.035.  
 

  



 13 

 
 

 

MEMBERSHIP:   ____RENEWAL,   ____ NEW MEMBER APPLICATION 

Please check one option above, complete this form, and attach your check made out to NCGS.  

Mail to: Barbara Matz, NCGS Treasurer, 803 Orion #2, Hercules, CA  94547-1938. 

Please Note: Regular members may pay dues for up to three years in advance. 

 
 
 

 
 

 
 
 

 
 

 
The membership year begins on September 1. Dues submitted after June 1 will be credited to the 

following year. 

Please provide the following (for renewal, provide name and any changes since last year): 

Name:  

Address:  

City, State, Zip:  

Phone: Home:  Cell:  Office:  

e-mail:  

Employer: Job Title:  

 

New Members: How did you hear about NCGS?  

 

I am interested in helping with: 

____NCGS Outreach     ____Field Trips     ____Newsletter     ____Web Site     ____Programs 

____K-12 Programs     ____Scholarships     ____Membership     ____AAPG Delegate 

Dues (select one) 

 Regular $20 / year (email newsletter only) ´ (circle one)  1  /  2  /  3  years  $_______ 

 Regular $30 / year (USPS newsletter only) ´ (circle one)  1  /  2  /  3  years  $_______ 

 Student $  5 / year (email newsletter only)   $_______ 
 

Contribution (optional) 
 Scholarship  $_______ 

 Teacher Award  $_______ 
  
 TOTAL $_______ 



 14 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

   

 

 

 

 

 

Northern California Geological Society 

c/o Mark Sorensen 

734 14th Street, #2 

San Francisco, CA  94114 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

N 

 

   

 

 

Map Courtesy of Dan Day 

 

Would you like to receive the NCGS newsletter by e-mail?  If you are not already doing so, and would 

like to, please contact Tom Barry at tomasbarry@aol.com to sign up for this free service. 

 

mailto:tomasbarry@aol.com

