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MEETING ANNOUNCEMENT 
 

DATE: Wednesday, November 28, 2018 

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

  (see map on back page) 

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

SPEAKER:                    Dr. Stephen Self  

    Earth and Planetary Science 

     University of California, Berkeley 

TOPIC:    “Assessing the potential impact of super‐

eruptions on society and the 

environment” 

Rare, but extremely large, explosive super-eruptions (Magnitude 8 and 

above, or > 1015 kg of magma, or > ~ 450 km3 of rhyolitic magma,) 

have occurred throughout geologic time. How frequent they have been, 

and will be, has been estimated in the range of one per 100,000 years. 

With the latest Toba event (YTT) at 74 ka ago, human society should 

perhaps not be overconcerned about such events. However, the most 

recent attempt to estimate a mean return period for Magnitude 8 events 

is one every 17,000 years, which puts a different slant on the future 

likelihood of a super-eruption.  A Magnitude 7 event seems to occur on 

average once or twice per thousand years, and a recurrence of even 

these (Tambora or Campanian Tuff-sized eruptions) presents a 

significant challenge for future societies. 

Super-eruptions of silicic magma lead to the catastrophic formation of 

huge calderas, devastation of substantial regions by pyroclastic density 

currents or flows and their deposits, and ashfall deposits that can cover 

continent- size areas. Widely dispersed fine ash means that the effects 

of future super-eruptions may be felt globally or at least by a whole 

hemisphere.  The most widespread and long-lasting effects are likely 

to derive the volcanic gases released, primarily sulfur gases that are 

converted into sulfuric acid aerosols in the stratosphere.  These will 

remain for several years, promoting changes in atmospheric circulation 

and causing surface temperatures to fall in many regions, leading to 

short-term temporary reductions in light levels and severs and 

unseasonable weather (“volcanic winter”).  However, the radiative 

impacts of the aerosols are not expected to be severe enough to cause 

major climatic changes, and, indeed, some super-eruptions may not 

release huge amounts of sulfur gases. 

(continued on last page) 
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NCGS 2018 – 2019 Calendar 

January 30, 2019                   7:00 pm 

Dr. Jonathan Lilien, Chevron 

Environmental Aspects of Oil & Gas Production in 

California  

February 27, 2019                   7:00 pm 

Dr. Paul Renne, Berkeley Technology Center 

topic not specified  

March 27, 2019                   7:00 pm 

Dr. Sara Kelly McBride, USGS 

Science to Emergency Management Response: 

Kaikoura New Zealand Earthquakes 2016 

April 24, 2019                   7:00 pm 

Dr. Owen Anfinson (tentative), Sonoma State U. 

Using detrital zircon to reconstruct the origin of 

Salinian Block  

May 29, 2019        Dinner meeting       6:00 pm 

Speaker to be determined 

January 30, 2019                   7:00 pm 

Speaker to be determined 
 

 

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.   Contributing Authors included: John Baldwin, 

Greg W. Bartow, Peter Dartnell, George Ford, Jeffrey 

A. Gilman, Robert Givler, Sally Goodin, Russell W. 

Graymer, H. Gary Greene, Kenneth A. Johnson, 

Samuel Y. Johnson, Darrell Klingman, Keith L. 

Knudsen, William Lettis, William E. Motzer, Dorinda 

Shipman, Lori A. Simpson, Philip J. Stuecheli, and 

Raymond Sullivan. 
 

NCGS Field Trips 
 

Will’s field trip to Devil’s Slide on Nov. 3 was fully 

attended once again; it provided a wonderful look at 

local geology that was not previously available to 

pedestrians.  We will probably hold several 2019 trips 

on or near Mount Diablo, to focus on and coordinate 

with our 75th anniversary GSA volume on its geology.  

We are always looking for new field trip 

opportunities.  If you go on or hear about an interesting 

field trip, please let Will Schweller 

(willschweller@yahoo.com) know about it so that we 

can evaluate it for a future NCGS trip. 
 

 

Geologist, Beloved Campus Citizen 

Eldridge Moores, Dies 

By Melissa Blouin, October 29, 2018 in UC Davis 

University News (https://www.ucdavis.edu/news/) 

 

Geologist Eldridge Moores: His pioneering work 

contributed to the science of plate tectonics, which 

revolutionized the field of earth science in the 1960s 

(UC Davis Dept. of Earth and Planetary Sciences). 

Distinguished Professor Emeritus and world-renowned 

geologist Eldridge Moores died unexpectedly Sunday 

Oct. 28 while on a geology field trip. He was 80. 

Moores began his career at UC Davis more than 52 

years ago as a founding member of the Department of 

Geology (now known as Earth and Planetary Sciences) 

and the College of Letters and Science. “Eldridge 

embodied all that we are proud of here at UC Davis. 

His contributions to earth science remain his legacy,” 

mailto:willschweller@yahoo.com


 3 

Chancellor Gary S. May said in a statement to the 

community. “We are devastated over this loss but 

grateful to have known him.” 

‘Outsize impact’ in geology 

As field geologist, Moores focused on classical 

structural geology, rock-forming processes and plate 

tectonics throughout his career. In each area, his work 

resulted in major new perspectives on regional geology 

and tectonic problems, while defining globally 

important ideas with impressive longevity. These 

efforts are recorded in more than 130 scientific articles, 

including seminal papers published during the 

development of the theory of plate tectonics, and two 

widely read textbooks. His pioneering work 

contributed to the science of plate tectonics, which 

revolutionized the field of earth science in the 1960s. 

He was prominently featured in Assembling California, 

the last book in John McPhee’s Pulitzer Prize-winning 

series, “Annals of the Former World,” about the 

geology along the path of Interstate 80 across the 

United States. 

He served as president of the Geological Society of 

America in 1996, helping to revitalize its premier 

geology journal and calling for action among 

geologists to bring more science to the public. He 

received the society’s Distinguished Service Award 

and was the first recipient of the Geological 

Association of Canada medal. 

“He had an outsize impact on the field, but that doesn’t 

even address the fact that he is easily the most beloved 

member of the department and the best ambassador for 

earth science we could ask for,” colleague Tessa Hill 

said. 

“Eldridge was a remarkable individual — astute, 

generous and consistently engaged with the most 

important questions in ways that benefited the whole 

UC Davis community,” said Elizabeth Spiller, dean of 

the College of Letters and Sciences. “His values 

reflected the best of what UC Davis is and should be.” 

Gifts from Eldridge and Judy Moores 

In 2016, Moores and his wife, Judy, made a planned 

gift to support UC Davis students conducting field 

work through the Eldridge and Judith Moores Field 

Geology Fund, which he said was essential to 

understanding the “big geological experiment.” In 

2011, they founded the Eldridge Moores Distinguished 

Visiting Scholars Fund in the Geosciences. 

Colleague Louise Kellogg, distinguished professor of 

earth and planetary sciences, said Moores had a broad 

vision of the scientific processes of the Earth and how 

the earth works as a geologic system. She said he 

wasn’t afraid to put a bold idea out there and challenge 

others to find out more. “He was one of the reasons I 

came to UC Davis in 1990,” she said. 

Kellogg and her colleagues remember him as an 

educator and a mentor, always encouraging students 

and faculty to pursue new ideas. They say his 

passionate commitment to diversity and equity made 

the department an incredibly positive place to work. 

In addition to his lifelong passion for geology, Moores 

played cello in the UC Davis Symphony Orchestra for 

28 years. The music department plans to dedicate its 

Nov. 18 concert to him. 

This fall, accompanied by graduate students, alumni 

and faculty, Moores returned to Macedonia where he 

began his field work, and they visited one of his former 

students. At the time of his death, he was leading a field 

trip with students and faculty to visit an area where he 

conducted research in the greater Feather River-Lake 

Almanor region. 

Editor’s Note:  Eldridge Moores was a significant 

contributor to the NSF committee that developed the 

Earth Science Literacy Initiative (2008).  He was also a 

loyal supporter of NCGS, having given presentations to 

the group, and having led field trips to the Smartville 

ophiolite and to examine the geology and tectonics of 

the southwestern Sacramento Valley and Adjacent 

Coast Ranges in 1993. 
 

Silent Auction 

We will hold a brief silent auction during the social 

hour at our November meeting. Please send the 

description of any auction items to Noelle Schoellkopf 

(NSchoellkopf@slb.com) by Tuesday, November 27th 

or sooner, so we know what to expect; also, please copy 

Crystal Replogle (ctreplogle@gmail.com) and Barb 

Matz (barbmatz@yahoo.com) ahead of time for 

approval and to obtain a bid sheet.  

The rules of the silent auction will be sent in a separate 

email from Crystal. Thanks for your participation. 

 

 

Check out our updated NCGS Website at 

http://ncgeolsoc.org/.  We have posted many older field 

trip guidebooks for free download, and we describe the 

process for purchasing newer guidebooks. The website 

includes a list of upcoming meetings, information on 

our scholarship program, a list of useful web links, and 

list of NCGS officers. 
 

http://ncgeolsoc.org/
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UC Berkeley Earth & Planetary 

Science Weekly Seminar Series 

Interesting seminars are presented at 141 McCone Hall 

(usually) on Thursdays at 4 pm for most of the academic 

year, from late August through early May.   

For an updated list of seminars, go to 

http://eps.berkeley.edu/events/seminars.  
 

 

NCGS members are invited our next Board of 

Directors meeting, on January 12 at the APTIM 

office at 4005 Port Chicago Highway.  Board meetings 

are generally held at 8:30 am on a Saturday in January, 

May, and September, and are open to all NCGS 

members. Please contact Greg Bartow if you would like 

to attend, at gregbartow@yahoo,com.  

 

 

NCGS Outreach Events 

The outreach committee recently represented NCGS at 

these events: 

 

- The 61st Annual Meeting of the Association of 

Environmental & Engineering Geologists and 13th 

International AEG Congress in San Francisco, CA 

from Sept. 16-22, 2018. 

- The 150th Anniversary of the Hayward Earthquake, 

held at Fremont’s Central Park where visual traces of 

the Hayward Fault occur; hosted by the educational 

nonprofit group Math Science Nucleus (MSN), the 

U.S. Geological Survey, the California Geological 

Survey and City of Fremont, Sunday, October 21, 

2018. Joyce Blueford says attendance was 800-1,000. 

- Science Discovery Day at Cal. State East Bay in 

Concord, October 27. An estimated 2,000 people 

showed up at this event.  See photo above. 

- Bay Area Science Festival Discovery Day at AT&T 

Park, San Francisco, November 3. The event was well 

attended by 20,000 to 30,000 people. Tables with 

NCGS rock collection and various publications 

including NCGS field guides. 

NCGS was ably represented at these events by 
Andrew Alden, Tom Barry, Greg Bartow, Greg Croft, 

Phil Garbutt, Paul Henshaw, Celina Hernandez, 

Barbara Matz  Bill Motzer, Mark Petrofsky, and Gary 

Prost. 

Contact Mark Petrofsky if you are interested in 

assisting at any future events.  It’s fun and rewarding! 

mpetrof@hotmail.com 
 

Fossils at Children’s Natural History 

Museum 

WANT TO LEARN MORE ABOUT FOSSIL 

MUSEUM PLANS? These presentations are free.  

December 1, Dec 15, and Jan 5 (Saturdays) Special 

Lecture, 1:30-2:30 - Learn about new fossils and plans 

for a new museum in the Irvington District (Joyce 

Blueford Dec 1, Jan 5; Angeline Cartena Dec 15). 

December 27 (Thurs) Special Lecture, 3-4 PM – Same 

topic (Joyce Blueford). 

4074 Eggers Drive, Fremont, California (510) 790-

6284 

HELP SUPPORT THEM TO KEEP THE 

FOSSILS IN FREMONT!  SPECIAL 

MEMBERSHIP GIFTS (new or renewal): Become a 

family member for $35.00 and receive one Free 

Hayward Fault T-shirt (a $10.00 value). With 2-year 

membership ($50.00) get 2 free Hayward Fault T- 

shirts! They currently receive no funds other than 

membership and services to keep these treasures in 

Fremont. 

Any questions: Email Joyce Blueford, Board President, 

blueford@msnucleus.org, http://msnucleus.org. 
 

 

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.  Monthly lectures are usually scheduled 

for the last Thursday of the month throughout the 

year.  The lecture on Thursday November 29th will 

be The Least Bell's Vireo: A flagship species for 

riparian ecosystem conservation, by Barbara Kus, 

USGS Research Ecologist. For more information on 

the lectures, and for a map of the location, go to: 

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

http://eps.berkeley.edu/events/seminars
mailto:blueford@msnucleus.org
http://msnucleus.org/
https://online.wr.usgs.gov/calendar/
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Naturalist Neil Fahy featured in Hetch 

Hetchy Documentary 

from the Friends of Camp Mather 

Are you interested in learning more about the origins of 

Camp Mather? Well, as we all know, there would be no 

Camp Mather without Hetch Hetchy. On Nov. 26th at 

8pm, KQED will be debuting the film Water From the 

Wilderness, a documentary that will explain the 

origins of the reservoir that provides San Francisco 

with all of its water. 

However, it gets even better for Mather folks: Featured 

in this documentary will be our very own Camp Mather 

Naturalist [and NCGS member], Neil Fahy! Neil has 

studied this land for decades, and he has accumulated a 

reservoir of knowledge in that time. Tune in to learn, 

and perhaps you'll even catch a glimpse of fellow 

Mather legend Cyril Smith... 

All KQED broadcast times for the film are available at 

https://www.kqed.org/tv/programs/index.jsp?pgmid=2

5311. 
 

Crater from asteroid that killed the 

dinosaurs reveals how broken rocks 

can flow like liquid 

Extremely strong vibration during large impacts, 

landslides and earthquakes allow rock to flow 

Sixty-six million years ago, an asteroid the size of a 

small city smashed into Earth. This impact, the one that 

would lead to the end of the dinosaurs, left a scar 

several miles underground and more than 115 miles 

wide. 

Chicxulub, which lies underneath the Yucatán 

Peninsula of Mexico, is the best-preserved large impact 

crater on Earth, although it's buried underneath a half 

mile of rocks. It's also the only crater on the planet with 

a mountainous ring of smashed rocks inside its outer 

rim, called a peak ring. How these features form has 

long been debated, but a new study in Nature shows 

they're a product of extremely strong vibrations that let 

rock flow like liquid for a crucial few minutes after the 

impact. 

When an asteroid crashes into Earth, it leaves a bowl-

shaped pit, just like you'd expect. But it doesn't just 

leave a dent. If the asteroid is big enough, the resulting 

crater can be more than 20 miles deep, at which point 

it becomes unstable and collapses. 

"For a while, the broken rock behaves as a fluid," said 

Jay Melosh, a professor of earth, atmospheric and 

planetary sciences at Purdue University. "There have 

been a lot of theories proposed about what mechanism 

allows this fluidization to happen, and now we know 

it's really strong vibrations shaking the rock constantly 

enough to allow it to flow." 

This mechanism, known as "acoustic fluidization," is 

the process that allows the ring of mountains in the 

crater's center to rise within minutes of the asteroid's 

strike. (This idea was first proposed by Melosh in 

1979). Craters are essentially the same on all the 

terrestrial planets (Earth, Mercury, Venus, Mars and 

our moon), but they're hard to study in space for 

obvious reasons: We can't look at them with the same 

detail we can on Earth. 

The Chicxulub crater isn't easily accessible by 

traditional standards either; it's been buried throughout 

the last 66 million years. So the International Ocean 

Discovery Program (a group within the International 

Continental Scientific Drilling Program), did the only 

thing they could -- they dug. The team drilled a core 

roughly six inches in diameter and a mile into Earth, 

collecting rock that was shattered and partly melted by 

the impact that wiped out the dinosaurs. 

In examining fracture zones and patterns in the core, 

the international research team found an evolution in 

the vibration sequence that would allow debris to flow. 

"These findings help us understand how impact craters 

collapse and how large masses of rock behave in a 

fluid-like manner in other circumstances, such as 

landslides and earthquakes," Melosh said. "Towns have 

been wiped out by enormous landslides, where people 

thought they were safe but then discovered that rock 

will flow like liquid when some disturbance sets a big 

enough mass in motion." 

The extinction of the dinosaurs itself was probably not 

directly affected by the crater's internal collapse -- 

other, external effects of the impact did them in, 

Melosh said. Regardless, it's important to understand 

the consequences of a large asteroid strike on Earth. 

Because cratering is the same on all the terrestrial 

planets, these findings also validate the mechanics of 

impacts everywhere in the solar system. 

Journal Reference: Ulrich Riller, Michael H. 

Poelchau, Auriol S. P. Rae, Felix M. Schulte, Gareth S. 

Collins, H. Jay Melosh, Richard A. F. Grieve, Joanna 

V. Morgan, Sean P. S. Gulick, Johanna Lofi, 

Abdoulaye Diaw, Naoma McCall, David A. Kring. 

Rock fluidization during peak-ring formation of 

https://www.kqed.org/tv/programs/index.jsp?pgmid=25311
https://www.kqed.org/tv/programs/index.jsp?pgmid=25311
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large impact structures. Nature, 2018; 562 (7728): 

511 DOI: 10.1038/s41586-018-0607-z.  
 

 

How Oman’s Rocks Could Help 

Save the Planet 

By Henry Fountain, New York Times, April 26, 2018 

IBRA, Oman — The rocks in this part of the world 

have a special ability: They can turn carbon dioxide 

into stone. In theory, these rocks could store hundreds 

of years of emissions of CO2.  Storing even a fraction 

of that would not be easy. But it’s not impossible.  In 

the arid vastness of this corner of the Arabian 

Peninsula, out where goats and the occasional camel 

roam, rocks form the backdrop practically every way 

you look.  But the stark rock outcrops and craggy ridges 

are more than just scenery. Some of these rocks are 

hard at work, naturally reacting with carbon dioxide 

from the atmosphere and turning it into stone.  Veins of 

white carbonate minerals run through slabs of dark rock 

like fat marbling a steak. Carbonate surrounds pebbles 

and cobbles, turning ordinary gravel into natural 

mosaics.  Even pooled spring water that has bubbled up 

through the rocks reacts with CO2 to produce an ice-

like crust of carbonate that, if broken, re-forms within 

days. 

 

Solid white carbonate, settled at the bottom of a pool. 

Scientists say that if this natural process, called carbon 

mineralization, could be harnessed, accelerated and 

applied inexpensively on a huge scale — admittedly 

some very big “ifs” — it could help fight climate 

change. Rocks could remove some of the billions of 

tons of heat-trapping carbon dioxide that humans have 

pumped into the air since the beginning of the Industrial 

Age.  And by turning that CO2 into stone, the rocks in 

Oman — or in a number of other places around the 

world that have similar geological formations — would 

ensure that the gas stayed out of the atmosphere 

forever.  “Solid carbonate minerals aren’t going 

anyplace,” said Peter B. Kelemen, a geologist at 

Columbia University’s Lamont-Doherty Earth 

Observatory who has been studying the rocks here for 

more than two decades. 

Capturing and storing carbon dioxide is drawing 

increased interest. The Intergovernmental Panel on 

Climate Change says that deploying such technology is 

essential to efforts to rein in global warming. But the 

idea has barely caught on: There are fewer than 20 

large-scale projects in operation around the world, and 

they remove CO2 from the burning of fossil fuels at 

power plants or from other industrial processes, and 

store it as gas underground.  What Dr. Kelemen and 

others have in mind is removing CO2 that is already in 

the air, to halt or reverse the gradual increase in 

atmospheric CO2 concentration. Direct-air capture, as 

it is known, is sometimes described as a form of 

geoengineering — deliberate manipulation of the 

climate — although that term is more often reserved for 

the idea of reducing warming by reflecting more 

sunlight away from the earth.  Although many 

researchers dismiss direct-air capture as logistically or 

economically impractical, especially given the billions 

of tons of gas that would have to be removed to have 

an impact, some say it may have to be considered if 

other efforts to counter global warming are ineffective. 

A few researchers and companies have built machines 

that can pull CO2 out of the air, in relatively small 

quantities, but adapting and enhancing natural capture 

processes using rocks is less developed.  “This one still 

feels like the most nascent piece of the conversation,” 

said Noah Deich, executive director of the Center for 

Carbon Removal, a research organization in Berkeley, 

Calif. “You see these sparks, but I don’t see anything 

catching fire yet.”Dr. Kelemen is one of a relative 

handful of researchers around the world who are 

studying the idea. At a geothermal power plant in 

Iceland, after several years of experimentation, an 

energy company is currently injecting modest amounts 

of carbon dioxide into volcanic rock, where it becomes 

mineralized. Dutch researchers have suggested 

spreading a kind of crushed rock along coastlines to 

capture CO2. And scientists in Canada and South Africa 

are studying ways to use mine wastes, called tailings, 

to do the same thing.  “It’s clear that we’re going to 

have to remove carbon dioxide from the atmosphere,” 

said Roger Aines, who leads the development of carbon 

management technologies at Lawrence Livermore 

National Laboratory in California and has worked with 

Dr. Kelemen and others. “And we’re going to have to 

do it on a gigaton scale.”  If billions of tons of CO2 are 

to be turned to stone, there are few places in the world 
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more suitable than Oman, a sultanate with a population 

of 4 million and an economy based on oil and, 

increasingly, tourism. 

The carbon-capturing formations here, consisting 

largely of a rock called peridotite, are in a slice of 

oceanic crust and the mantle layer below it that was 

thrust up on land by tectonic forces nearly 100 million 

years ago. Erosion has resulted in a patchy zone about 

200 miles long, up to 25 miles wide and several miles 

thick in the northern part of the country, including here 

in the outskirts of Ibra, a dusty inland city of 50,000. 

Even the bustling capital, Muscat, on the Gulf of Oman, 

has a pocket of peridotite practically overlooking 

Sultan Qaboos bin Said’s palace.  Peridotite normally 

is miles below the earth’s surface. When the rocks are 

exposed to air or water as they are here, Dr. Kelemen 

said, they are like a giant battery with a lot of chemical 

potential. “They’re really, really far from equilibrium 

with the atmosphere and surface water,” he said.  The 

rocks are so extensive, Dr. Kelemen said, that if it was 

somehow possible to fully use them they could store 

hundreds of years of CO2 emissions. More realistically, 

he said, Oman could store at least a billion tons of CO2 

annually. (Current yearly worldwide emissions are 

close to 40 billion tons.)  While the formations here are 

special, they are not unique. Similar though smaller 

ones are found in Northern California, Papua New 

Guinea and Albania, among other places.  Dr. Kelemen 

first came to Oman in the 1990s, as the thrust-up rocks 

were one of the best sites in the world to study what 

was then his area of research, the formation and 

structure of the earth’s crust. He’d noticed the 

carbonate veins but thought they must be millions of 

years old.  “There was a feeling that carbon 

mineralization was really slow and not worth thinking 

about,” he said.  But in 2007, he had some of the 

carbonate dated. Almost all of it was less than 50,000 

years old, suggesting that the mineralization process 

was actually much faster. 

“So then I said, O.K., this is pretty cool,” Dr. Kelemen 

said.  Since then, in addition to continuing his crust 

research, he has spent much time studying the prospects 

for harnessing the mineralization process — among 

other things, learning about the water chemistry, which 

changes as it flows through the rocks, and measuring 

the actual uptake of CO2 from the air in certain spots.  

For much of this decade he has also led a multinational 

effort to drill boreholes in the rock, a $4 million project 

that is only partly related to carbon capture. In March 

the drilling was nearing completion, with scientists and 

technicians sending instruments down the holes, which 

are up to 1,300 feet deep, to better characterize the rock 

layers.  The rocks here may be capable of capturing a 

lot of carbon dioxide, but the challenge is doing it much 

faster than nature, in huge amounts and at low enough 

cost to make it more than a pipe dream. Dr. Kelemen 

and his colleagues, including Juerg Matter, a researcher 

from the University of Southampton in England who 

was involved in the Icelandic project, have some ideas. 

One possibility, Dr. Kelemen said, would be to drill 

pairs of wells and pump water with dissolved CO2 into 

one of them. As the water traveled through the rock 

formation carbonate would form; when it reached the 

other well the water, now depleted of CO2, would be 

pumped out. The process could be repeated over and 

over.  There is a lot that is unknown about such an 

approach, however. For one thing, while pumping 

water deep into the earth, where temperatures and 

pressures are higher, could make the process of 

mineralization go tens of thousands of times faster, so 

much carbonate might form that the water flow would 

stop. “You might clog everything up, and it would all 

come to a screeching halt,” Dr. Kelemen said. 

Experiments and eventually pilot projects are needed to 

better understand and optimize this process, Dr. 

Kelemen said, but some Omanis have expressed 

reluctance. As a result, during their current research, 

Dr. Kelemen and his colleagues have agreed not to do 

field experiments in Oman on capture of CO2. They 

may need to go elsewhere, like California, where the 

rocks are less accessible but the state government has 

set ambitious targets for reducing emissions and is open 

to new ways to meet them. Dr. Kelemen and Dr. Aines 

have had preliminary discussions with California 

officials about the possibility of experimenting there. 

“We would certainly be a willing and eager partner to 

help them with it,” said David Bunn, director of the 

State Department of Conservation.   

Perhaps the simplest way to use rocks to capture carbon 

dioxide would be to quarry large amounts of them, 

grind them into fine particles and spread them out to 

expose them to the air. The material could be turned 

over from time to time to expose fresh surfaces, or 

perhaps air with a higher CO2 concentration could be 

pumped into it to speed up the process.  But a quarrying 

and grinding operation of the scale required would be 

hugely expensive, scar the landscape and produce 

enormous CO2 emissions of its own. So a few 

researchers are asking, Why not use rocks that have 

already been quarried and ground up for other 

purposes? 

Such rocks are found in large amounts at mines around 

the world, as waste tailings. Platinum, nickel and 

diamonds, in particular, are mined from rock that has a 

lot of carbon-mineralization potential. Gregory Dipple, 

a researcher at the University of British Columbia who 

has been studying mine tailings for more than a decade, 

said early on he found evidence that waste rock was 
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forming carbonate without any human intervention. “It 

was clear it was taking CO2 from the air,” he said. Dr. 

Dipple is now working with several mining companies 

and studying ways to improve upon the natural process. 

The goal would be to capture at least enough CO2 to 

fully offset a mine’s carbon emissions, which typically 

come from trucks and on-site power generation. 

Editor’s Note:  Condensed from the New York Times 

article that appears online at 

https://www.nytimes.com/interactive/2018/04/26/clim

ate/oman-rocks.html, where you can view the full 

article and some excellent photographs. 
 

Evidence of outburst flooding 

indicates plentiful water on early 

Mars  

Geological Society of America news release 

reported in EurekAlert, November 3, 2018 

 
This is a close-up of a Mastcam image mosaic 
(Mcam02603) acquired on Sol 620. This conglomerate 
has grains up to 10 centimeters in diameter and some 
are well rounded. The grains also are part of a 2-meter-
high cross bed.    Credit: NASA 

The presence of water on Mars has been theorized for 

centuries. Early telescopes revealed ice caps, and early 

astronomers noted channels that were hypothesized to 

be natural rivers or creature-created canals. 

Over the past two decades, rovers Sojourner, Spirit, 

Opportunity, and Curiosity have sent back invaluable 

data to scientists who are trying to interpret the planet's 

surface and uncover evidence of past or present water. 

Since its landing on the "Red Planet" in August of 

2012, Curiosity Rover has traveled about 20 kilometers 

within Gale Crater. The rover has examined about 400 

meters of sedimentary rock that exists in the crater, says 

Ezat Heydari of Jackson State University in Jackson, 

Mississippi -- including rocks thought to be 3.7 to 4.1 

billion years old (Noachian time). 

Heydari and colleagues used these images of 

sedimentary rocks to interpret the geologic processes 

that occurred billions of years ago on Mars. He is 

presenting their findings on Sunday at the Geological 

Society of America Annual Meeting in Indianapolis, 

Indiana. 

Within those 400 meters of rock, the researchers 

identified four different units that represent different 

types of deposition, and Heydari says that "in my 

opinion, deposition of all of these packages involved 

water." 

One of those packages, called the Hummocky Plain 

Unit, is a conglomerate with grains up to 20 centimeters 

in size. The Curiosity images showed ridges in the 

Hummocky Plain Unit, filled with rounded cobbles and 

cross beds reaching 4 meters high -- indications that 

deposition was done by moving water. 

In addition, some of the images have height 

information that can create a topographic profile of the 

surface, revealing the profiles of the ridges. "These 

ridges are asymmetric," says Heydari. "In other words, 

they were formed by one directional current." 

After seeing the images, Heydari says he immediately 

thought of the Channeled Scablands in Washington 

State. The Mars ridges are equally spaced, he says, 

adding that they are about twice the size of those in the 

Scablands. The ridges on Mars and Earth had similar 

characteristics, but it wasn't until he saw the cross beds 

that Heydari concluded the Mars deposits were made 

by large-scale flooding. 

Using comparisons to Earth rivers, Heydari notes that 

to create cross beds 4 meters high, the flowing water 

would have been about 10 to 20 meters deep. "That's 

one of the reasons I say these deposits are related to 

floods, rather than a puny river," he says. 

Heydari says that the Noachian sedimentary rocks 

found in Gale Crater may have been deposited in a 

similar setting as Pleistocene Earth (about 2 million 

years to 12,000 years ago), with large-scale global ice 

and dramatic outburst floods. 

"On both planets, one hemisphere was covered by ice -

- northern Hemisphere on Earth, versus the Southern 

Hemisphere in Mars -- and the other hemisphere was 

warm," says Heydari. He adds that this comparison is 

important because it shows that ancient Mars appears 

to be very similar to Pleistocene Earth, where liquid 

water is stable and able to support life. 

To be presented at the annual meeting of the 

Geological Society of America.  

https://www.nytimes.com/interactive/2018/04/26/climate/oman-rocks.html
https://www.nytimes.com/interactive/2018/04/26/climate/oman-rocks.html
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Relationship between tremors, water 

at the Cascadia margin 

ScienceDaily, October 25, 2018 

 

Rice University scientists studied how the density of 

microseismicity, or small tremors, related to the 

seismic structure of the Pacific Northwest in the United 

States. Red lines in the graphic at left correspond to 

cross-sections from northern Washington (top), central 

Oregon (middle), and northern California (bottom). 

The researchers determined a strong correlation exists 

between tremor density and underthrusting sediments 

(brown material in the graphics on right). Fluids that 

are released from the downgoing slab are concentrated 

in these sediments and lead to very slow seismic 

velocities in the region.    Credit: Jonathan Delph/Rice 

University 

The earthquakes are so small and deep that someone 

standing in Seattle would never feel them. In fact, until 

the early 2000s, nobody knew they happened at all. 

Now, scientists at Rice University have unearthed 

details about the structure of Earth where these tiny 

tremors occur. 

Rice postdoctoral researcher and seismologist Jonathan 

Delph and Earth scientists Fenglin Niu and Alan 

Levander make a case for the incursion of fluid related 

to slippage deep inside the Cascadia margin off the 

Pacific Northwest's coast. 

Their paper, which appears in the American 

Geophysical Union journal Geophysical Research 

Letters, links fluids escaping from deep subduction to 

the frequent shakes that Delph said happen in relative 

slow motion when compared to the sudden, violent 

jolts occasionally felt by Southern Californians at the 

southern end of the west coast. 

"These aren't large, instantaneous events like a typical 

earthquake," Delph said. "They're seismically small, 

but there's a lot of them and they are part of the slow-

slip type of earthquake that can last for weeks instead 

of seconds." 

Delph's paper is the first to show variations in the scale 

and extent of fluids that come from dehydrating 

minerals and how they relate to these low-velocity 

quakes. "We are finally at the point where we can 

address the incredible amount of research that's been 

done in the Pacific Northwest and try to bring it all 

together," he said. "The result is a better understanding 

of how the seismic velocity structure of the margin 

relates to other geologic and tectonic observations." 

The North American plate and Juan de Fuca plate, a 

small remnant of a much larger tectonic plate that used 

to subduct beneath North America, meet at the 

Cascadia subduction zone, which extends from the 

coast of northern California well into Canada. As the 

Juan de Fuca plate moves to the northeast, it sinks 

below the North American plate. 

Delph said fluids released from minerals as they heat 

up at depths of 30 to 80 kilometers propagate upward 

along the boundary of the plates in the northern and 

southern portions of the margin, and get trapped in 

sediments that are subducting beneath the Cascadia 

margin. 

"This underthrust sedimentary material is being stuck 

onto the bottom of the North American plate," he said. 

"This can allow fluids to infiltrate. We don't know why, 

exactly, but it correlates well with the spatial variations 

in tremor density we observe. We're starting to 

understand the structure of the margin where these 

tremors are more prevalent." 

Delph's research is based on extensive seismic records 

gathered over decades and housed at the National 

Science Foundation-backed IRIS seismic data 

repository, an institutional collaboration to make 

seismic data available to the public. 

"We didn't know these tremors existed until the early 

2000s, when they were correlated with small changes 

in the direction of GPS stations at the surface," he said. 

"They're extremely difficult to spot. Basically, they 

don't look like earthquakes. They look like periods of 

higher noise on seismometers. 

"We needed high-accuracy GPS and seismometer 

measurements to see that these tremors accompany 

changes in GPS motion," Delph said. "We know from 

GPS records that some parts of the Pacific Northwest 
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coast change direction over a period of weeks. That 

correlates with high-noise 'tremor' signals we see in the 

seismometers. We call these slow-slip events because 

they slip for much longer than traditional earthquakes, 

at much slower speeds." 

He said the phenomenon isn't present in all subduction 

zones. "This process is pretty constrained to what we 

call 'hot subduction zones,' where the subducting plate 

is relatively young and therefore warm," Delph said. 

"This allows for minerals that carry water to dehydrate 

at shallower depths. 

"In 'colder' subduction zones, like central Chile or the 

Tohoku region of Japan, we don't see these tremors as 

much, and we think this is because minerals don't 

release their water until they're at greater depths," he 

said. "The Cascadia subduction zone seems to behave 

quite differently than these colder subduction zones, 

which generate large earthquakes more frequently than 

Cascadia. This could be related in some way to these 

slow-slip earthquakes, which can release as much 

energy as a magnitude 7 earthquake over their duration. 

This is an ongoing area of research." 

Journal Reference: Jonathan R. Delph, Alan 

Levander, Fenglin Niu. Fluid Controls on the 

Heterogeneous Seismic Characteristics of the 

Cascadia Margin. Geophysical Research Letters, 

2018; DOI: 10.1029/2018GL079518.  
 

 

Mexico's 2017 Tehuantepec quake 

suggests a new worry 

The location of the 8.2 earthquake was as a 

surprise, say researchers after a comprehensive 

study of data from multiple sources 

ScienceDaily, October 25, 2018 

Last September's magnitude 8.2 Tehuantepec 

earthquake happened deep, rupturing both mantle and 

crust, on the landward side of major subduction zone in 

the Pacific Ocean off Mexico's far south coast. 

Initially, it was believed the earthquake was related to 

a seismic gap, occurring where the Cocos ocean plate 

is being overridden by a continental plate, in an area 

that had not had a quake of such magnitude since 1787. 

Subduction zone megaquakes generally occur near the 

top of where plates converge. 

The epicenter, however, was 46 kilometers (28 miles) 

deep in the Cocos plate, well under the overriding plate 

and where existing earthquake modeling had said it 

shouldn't happen, a 13-member research team reported 

Oct. 1 in the journal Nature Geoscience after an 

analysis of data from multiple sources. 

"We don't yet have an explanation on how this was 

possible," said the study's lead author Diego Melgar, an 

earth scientist at the University of Oregon. "We can 

only say that it contradicts the models that we have so 

far and indicates that we have to do more work to 

understand it." 

Earthquakes do occur in such locations, where a 

descending plate's own weight creates strong forces 

that stretch the slab as it dives down toward the mantle, 

but have been seen only under older and cooler 

subduction zones. The 1933 Sanriku, Japan, earthquake 

was one. It generated a 94-foot tsunami that killed 

1,522 people and destroyed more than 7,000 homes. 

The Mexican quake, ruptured the descending slab and 

generated a 6-foot tsunami, which likely was limited in 

size by the angle of the overriding continental plate so 

close to shore, Melgar said. "This subducting plate is 

still very young and warm, geologically speaking," he 

said. "It really shouldn't be breaking." 

Subduction zone ages and their temperatures relate to 

their distance from mid-ocean ridges, where plates are 

made in temperatures of 1,400 degrees Celsius (2,552 

degrees Fahrenheit), Melgar said. The 25-million-year-

old Cocos subduction zone is 600 miles from the mid-

ocean ridge where it began. Japan's subduction zone is 

much further from the ridge and 130 million years old. 

Temperatures cool as plates move outward. Tension-

related earthquakes, the researchers noted, have been 

restricted to older plates with temperatures that are 

cooler than 650 degrees Celsius (1,202 degrees 

Fahrenheit). 

Melgar's team theorizes that seawater infiltration into 

the fabric of the stressed and diving Cocos plate has 

possibly accelerated the cooling, making it susceptible 

to tension earthquakes previously seen only in older 

and colder locations. It's also possible, the researchers 

noted, that the 8.0 magnitude 1933 Oaxaca earthquake, 

previously thought to be in a traditional subduction 

zone event, was instead similar to the one that struck 

last year. 

If such water-driven cooling is possible, it could 

suggest other areas, especially Guatemala southward in 

Central America, and the U.S. West Coast are 

susceptible to tension-zone earthquakes, Melgar said. 

The Cascadia subduction zone, from northern 

California to British Columbia, is 15 million years old 

and warmer than the similar geology along the 

Mexican-Central America coastlines, but could still be 

at risk. 

Building codes and hazard maps should reflect the 

potential danger, he added. “Our knowledge of these 

places where large earthquakes happen is still 
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imperfect," Melgar said. "We can still be surprised. We 

need to think more carefully when we make hazard and 

warning maps. We still need to do a lot of work to be 

able to provide people with very accurate information 

about what they can expect in terms of shaking and in 

terms of tsunami hazard." 

Journal Reference: Diego Melgar, Angel Ruiz-

Angulo, Emmanuel Soliman Garcia, Marina Manea, 

Vlad. C. Manea, Xiaohua Xu, M. Teresa Ramirez-

Herrera, Jorge Zavala-Hidalgo, Jianghui Geng, Nestor 

Corona, Xyoli Pérez-Campos, Enrique Cabral-Cano, 

Leonardo Ramirez-Guzmán. Deep embrittlement and 

complete rupture of the lithosphere during the 

Mw 8.2 Tehuantepec earthquake. Nature 

Geoscience, 2018; DOI: 10.1038/s41561-018-0229-y.  
 

New understanding of Mekong 

River incision  

ScienceDaily, October 16, 2018 

An international team of earth scientists has linked the 

establishment of the Mekong River to a period of major 

intensification of the Asian monsoon during the middle 

Miocene, about 17 million years ago, findings that 

supplant the assumption that the river incised in 

response to tectonic causes. Their findings are the 

subject of a paper published in Nature Geoscience on 

Oct. 15. 

Gregory Hoke, associate professor and associate chair 

of Earth sciences, and recent SU doctoral student 

Gregory Ruetenik, now a post-doctoral researcher at 

the University of Wisconsin, co-authored the article 

with colleagues from China, France, Sweden, 

Australia, and the United States. Hoke's initial 

collaboration with first author Jungsheng Nie was co-

editing a special volume on the growth of the Tibetan 

Plateau during the Cenozoic. 

The Mekong River is the longest in Southeast Asia and 

the tenth largest worldwide in terms of water volume. 

Originating in the Tibetan Plateau, the Mekong runs 

through China, Myanmar, Laos, Thailand, Cambodia 

and Vietnam. The Chinese portion of the river 

(Lancang Jiang) occupies a spectacular canyon that is 

between 1-2 kilometers deep relative to the 

surrounding landscape. 

"When the upper half of that river was established and 

at what point it incised the canyon it occupies today, as 

well as whether it was influenced by climate or by 

tectonics, has been debated by geologists for the last 

quarter century," says Hoke. "Our work establishes 

when major canyon incision began and identifies the 

most likely mechanism responsible for that incision: an 

intensification of the Asian monsoon during the 

warmest period over the last 23 million years, the 

Middle Miocene climate optimum." 

River incision is the natural process by which a river 

cuts downward into its bed, deepening the active 

channel. "In most cases, you can attribute incision to 

some sort of some change in the overall relief of a 

landscape, which is typically interpreted to be in 

response to a tectonic influence," says Hoke. 

The standard interpretation for river incision of the 

Mekong and adjacent Yangtze basins had been a 

response to topographic growth of the Tibetan Plateau. 

However, a recent string of studies have determined 

that the southeastern margin of Tibet was already at or 

near modern elevations by 40 million years ago, 

throwing a monkey wrench into that hypothesis. 

Using thermochronology of apatite minerals extracted 

from bedrock samples collected along the walls of the 

river canyon, the scientists were able to numerically 

model the cooling history of the rock as the river 

incised, which revealed synchronous downcutting at 

15-17 million years along the entire river. Synchronous 

downcutting points towards a non-tectonic cause for 

incision. Ruetenik modeled whether or not a stronger 

monsoon was capable of achieving the magnitude of 

downcutting over the relatively short duration of the 

middle Miocene climate optimum using landscape 

models he developed during his SU doctoral study. 

According to Hoke, "This solves how river incision 

occurred in the absence of any clear pulse of plateau 

growth along the southeast margin of Tibet. In essence, 

an enhanced monsoon did a tremendous amount of 

work sawing through the landscape during the middle 

Miocene climate optimum." 

Previously, Hoke studied buried river sands in cave 

deposits to reconstruct the incision history of the 

Yangtze river, the next river to the east of the Mekong. 

"We found a sequence of ages that look similar to those 

from the thermochrometers in the Mekong," he says of 

his findings, published in Geophysical Research 

Letters in 2016. He next hopes subsequent studies will 

be able to extend the results from this new Nature 

Geoscience paper to the three other big rivers that drain 

the southeastern margin of the Tibetan Plateau. 

Journal Reference: Junsheng Nie, Gregory Ruetenik, 

Kerry Gallagher, Gregory Hoke, Carmala N. Garzione, 

Weitao Wang, Daniel Stockli, Xiaofei Hu, Zhao Wang, 

Ying Wang, Thomas Stevens, Martin Danišík, Shanpin 

Liu. Rapid incision of the Mekong River in the 

middle Miocene linked to monsoonal precipitation. 
Nature Geoscience, 2018; DOI: 10.1038/s41561-018-

0244-z.  
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Tiny footprints, big discovery: 

Reptile tracks oldest ever found in 

Grand Canyon 

Geologist investigating 310 million-year-old fossil 

trackway from ancient reptilian creature 

ScienceDaily, November 8, 2018 

 

UNLV geologist Stephen Rowland discovered that a 

set of 28 footprints left behind by a reptile-like creature 

310 million years ago are the oldest ever to be found in 

Grand Canyon National Park. Credit: Stephen Rowland 

A geology professor at the University of Nevada-Las 

Vegas has discovered a set of 28 footprints left behind 

by a reptile-like creature 310 million years ago, the 

oldest ever to be found in Grand Canyon National Park. 

The fossil trackway covers a fallen boulder that now 

rests along the Bright Angel Trail in the national park. 

Rowland presented his findings at the recent annual 

meeting of the Society of Vertebrate Paleontology. 

"It's the oldest trackway ever discovered in the Grand 

Canyon in an interval of rocks that nobody thought 

would have trackways in it, and they're among the 

earliest reptile tracks on earth," said Rowland. 

Rowland said he's not prepared to say that they're the 

oldest tracks of their kind ever discovered, but it's a 

possibility, as he's still researching the discovery. "In 

terms of reptile tracks, this is really old," he said, 

adding that the tracks were created as the 

supercontinent Pangaea was beginning to form. 

Rowland was first alerted to the tracks in spring 2016 

by a colleague who was hiking the trail with a group of 

students. The boulder ended up along the trail after the 

collapse of a cliff. 

A year later, Rowland studied the footprints up close. 

"My first impression was that it looked very bizarre 

because of the sideways motion," Rowland said. "It 

appeared that two animals were walking side-by-side. 

But you wouldn't expect two lizard-like animals to be 

walking side-by-side. It didn't make any sense." 

When he arrived home, he made detailed drawings, and 

began hypothesizing about the "peculiar, line-dancing 

gait" left behind by the creature. 

"One reason I've proposed is that the animal was 

walking in a very strong wind, and the wind was 

blowing it sideways," he said. 

Another possibility is that the slope was too steep, and 

the animal sidestepped as it climbed the sand dune. Or, 

Rowland said, the animal was fighting with another 

creature, or engaged in a mating ritual. "I don't know if 

we'll be able to rigorously choose between those 

possibilities," he said. 

He plans to publish his findings along with geologist 

Mario Caputo of San Diego State University in 

January. Rowland also hopes that the boulder is soon 

placed in the geology museum at the Grand Canyon 

National Park for both scientific and interpretive 

purposes. 

Meanwhile, Rowland said that the footprints could 

belong to a reptile species that has never yet been 

discovered. 

"It absolutely could be that whoever was the 

trackmaker, his or her bones have never been 

recorded," Rowland said. 

Source: University of Nevada, Las Vegas. "Tiny 

footprints, big discovery: Reptile tracks oldest ever 

found in Grand Canyon: Geologist investigating 310 

million-year-old fossil trackway from ancient 

reptilian creature." ScienceDaily, 8 November 2018.  
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 If a future super-eruption were predicted what would, 

or could, society do?  Major disruptions to global 

societal infrastructure can be expected for periods of 

months to years, and the cost to global financial markets 

will be high and sustained.  Preparation for such low-

probably but high-consequence events is difficult to 

imagine, yet some modest early measures can be 

considered.  Volcanologists should refine geologic 

histories and ensure at least baseline monitoring of 

candidate volcanoes.  They should consider how they 

will judge the likelihood that an impending eruption 

will be of super-eruption scale. 

Biography:  Steve Self has studied volcanic rocks in 

many parts of the world, concentrating on flood lava 

effusions, explosive eruptions, and the impact of 

volcanism on the atmosphere.  Current research 

interests include mechanisms and products of flood  

 

 

 

Map Courtesy of Dan 

Day 

basalt and explosive super-eruptions and other projects (see www.stephenself.com).  He has published and lectured widely on 

the impact of large-scale volcanic eruptions on the environment and society, relevant to both our present and future world, and 

past Earth history. He retired in 2017 from his position as Senior Geologist/Volcanologist with the US-Nuclear Regulatory 

Commission.  He was Chair of Volcanology at The Open University (2001-2008) in England, UK, and a past leader of the UK 

Volcanic and Magmatic Studies Group.  Before 2001 he was Professor of Geology at the University of Hawai’i-Mānoa. Steve 

is currently an Adjunct Professor with the Earth and Planetary Science Department at UC, Berkeley.  He is a Life Member of 

the International Association of Volcanology and Chemistry of the Earth's Interior (IAVCEI), and was Vice-President of 

IAVCEI up to 2016. Steve is a Fellow of the American Geophysical Union, GSA, and the Geological Society (London). 
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