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MEETING ANNOUNCEMENT 
 

DATE: November 16, 2016 

LOCATION: Orinda Masonic Center, 9 Altarinda Rd., Orinda 
TIME: 6:30 p.m. social; 7:00 pm talk (no dinner) Cost: $5 

per regular member; $1 per student or K – 12 
teachers 

SPEAKER: Dr. Julia Sigwart, Associate Professor 
and UCMP Visiting Scholar 

Topic: Two Miles Underwater: A Voyage to the 
Bottom of the Sea	

Two miles below the ocean surface, deep-sea hydrothermal vents are 
home to a community of extraordinary animals. In an environment 
without light, under intense pressure and volcanic heat, many 
gastropods and bivalves living directly on the vent chimneys show 
adaptations that have driven important scientific breakthroughs. For 
example, the famous “scaly-foot” gastropod, Chrysomallon 
squamiferum, has hard scales on its foot with a crystalline iron 
coating that has inspired novel defensive armor designs. This iconic 
species has only been reported from three sites in the Indian Ocean, 
each site hundreds of miles apart and only around half the size of a 
football field. Two of these three sites are already designated under 
international exploration licenses for deep-sea mining, to extract rare 
minerals from the vent chimneys. 

Images of dense biomass can be misleading, as the surrounding 
context of empty ocean is never visible. Discovery of new vent fields 
is guided by searches for temperature anomalies and chemical signals 
higher in the water column, a search for a needle in an ocean 
haystack. Many iconic vent sites are actually tiny; the Kairei field on 
the Central Indian Ridge, where the scaly-foot gastropod was first 
discovered, is less than half the size of a football field. 
This talk will give an account of a recent exploring expedition to the 
central Indian Ocean with the Japan Agency for Marine-Earth Science 
and Technology (JAMSTEC) in February 2016, and the mapping of 
newly discovered sites of hydrothermal activity. 
Biography:  Dr. Julia Sigwart is an evolutionary biologist, who 
studies the diversification of mollusks and other marine invertebrates. 
She is an associate professor at Queen’s University Belfast in  

(continued on back page) 
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NCGS 2016 – 2017 Calendar 
 
January 25, 2017                  7:00 pm  

Rick Wilson, California Geological Survey 

Addressing California’s Tsunami Hazard 
 

February 22, 2017                  7:00 pm  
(Speaker and topic to be announced) 

March 29, 2017                  7:00 pm  
(Speaker and topic to be announced) 

April 26, 2017                  7:00 pm  
Dr. Mark Richards, UC Berkeley 

Topic to be determined 
 

May 31, 2017                                 6:00 pm  
(Annual dinner meeting; speaker and topic to be 

announced) 

June 28, 2017                  7:00 pm  
Dr. Matthew J. James, Sonoma State University  

Collecting Evolution: 
The Galapagos Expedition that Vindicated Darwin  

   

NCGS Field Trips 
 

Field trips in a preliminary planning stage: 
• Geology of Devil's Slide 
• Pt. Sal Ophiolite in Santa Barbara Co, 
• Convergent Margin Tectonics across Central 

California Coast Ranges - Pacheco Pass  
• Tuscan Formation volcanic mudflow deposits, 

Cascade foothills 
 

Peninsula Geologic Society 
For an updated list of meetings, abstracts, and field trips 
go to http://www.diggles.com/pgs/.  The PGS has also 
posted guidebooks for downloading, as well as 
photographs from recent field trips at this web address.  
Please check the website for current details. 
 

UC Berkeley Earth & Planetary 
Science Weekly Seminar Series 

Interesting seminars are presented weekly at EPS 
throughout the academic year, generally from late 
August through early May.  Seminars are held 
Thursdays at 4 pm at 141 McCone.  Fall speakers are 
listed through December 1, but titles are not currently 
available. 
 
 For an updated list of seminars, go to 
http://eps.berkeley.edu/events/seminars.  
 

Welcome back, everyone!  Now: It’s 
Renewal Time! Our Year Runs From 
September to September. If you haven’t 
already renewed, please use the Renewal 
Form in previous newsletter, or see the 
Treasurer at the meeting at registration time.  
 

Important NCGS note: 
We are searching for a new secretary! 

Our current secretary, Dan Day, has served 
superbly for many years, and needs a break.  
Something about moving out of state – to 
Oregon!  We wish him well and thank him 
for his many years of service to NCGS in 
several different roles.  If you are interested 
in taking on the secretary position, or know 
someone who is, please contact a member of 
the Nominating Committee (Ray Sullivan, 
Tom Barry, and Mark Sorensen) or the 
President by email or at the next meeting.  
 

NCGS members are invited to attend any of our 
NCGS Board meetings held quarterly throughout 
the year (except for summer), generally in 
September, January, and May, at the CB&I 
(formerly Shaw E&I) offices at 4005 Port Chicago 
Hwy, Concord, CA 94520.  The next board meeting 
has not yet been scheduled, but will likely be in 
early- to mid-January 2017. 
 

 

Update on Millenium Tower 
See the following link for an update on the tilting 
Millenium Tower, at 58 stories the largest residential 
building in downtown SF.  Now the city has filed a 
lawsuit against the developers, as reported in the New 
York Times:  
http://www.nytimes.com/2016/11/04/us/san-francisco-
files-lawsuit-against-sinking-millennium-
tower.html?_r=0 
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When corals met algae: Symbiotic 
relationship crucial to reef survival 

dates to the Triassic 

 
This polished fossil slab used in the study dates to more 
than 210 million years ago and contains well-preserved 
symbiotic corals. The fossils were collected in a 
mountainous region in Antalya, Turkey, and originated 
in the Tethys Sea, a shallow sunlit body of water that 
existed when the Earth's continents were one solid land 
mass called Pangea.  Credit: Jaroslaw Stolarski, Polish 
Academy of Sciences 

The mutually beneficial relationship between algae and 
modern corals -- which provides algae with shelter, 
gives coral reefs their colors and supplies both 
organisms with nutrients -- began more than 210 million 
years ago, according to a new study by an international 
team of scientists including researchers from Princeton 
University. 

That this symbiotic relationship arose during a time of 
massive worldwide coral-reef expansion suggests that 
the interconnection of algae and coral is crucial for the 
health of coral reefs, which provide habitat for roughly 
one-fourth of all marine life. Reefs are threatened by a 
trend in ocean warming that has caused corals to expel 
algae and turn white, a process called coral bleaching. 

Published in the journal Science Advances, the study 
found strong evidence of this coral-algae relationship in 
fossilized coral skeletons dating back more than 210 
million years to the late Triassic period, a time when the 
first dinosaurs appeared and Earth's continents were a 
single land mass known as Pangea. Although symbiosis 
is recognized to be important for the success of today's 
reefs, it was less clear that that was the case with ancient 
corals. 

"It is important to know how far back in time symbiosis 
evolved because it gives insight into how important 
symbiosis is to the health of coral reefs," said Daniel 
Sigman, Princeton's Dusenbury Professor of Geological 

and Geophysical Sciences and a member of the 
Princeton Environmental Institute. "It appears that the 
origin of symbiosis corresponds to the rise of coral reefs 
in general." 

In addition to confirming that symbiosis dates back to 
the Triassic, the study found that the corals inhabited 
nutrient-poor marine environments -- not unlike today's 
subtropical waters -- where algae-coral symbiosis played 
a major role in driving reef development. 

"The onset of symbiosis with algae was highly profitable 
for corals," said lead author Jaroslaw Stolarski, a 
professor of biogeology at the Institute of Paleobiology 
at the Polish Academy of Sciences. "It allowed them to 
survive in very nutrient-poor waters, and at the same 
time grow and expand." 

Algae belonging to the group known as dinoflagellates 
live inside the corals' tissues. The algae use 
photosynthesis to produce nutrients, many of which they 
pass to the corals' cells. The corals in turn emit waste 
products in the form of ammonium, which the algae 
consume as a nutrient. 

This relationship keeps the nutrients recycling within the 
coral rather than drifting away in ocean currents and can 
greatly increase the coral's food supply. Symbiosis also 
helps build reefs -- corals that host algae can deposit 
calcium carbonate, the hard skeleton that forms the reefs, 
up to 10 times faster than non-symbiotic corals. 

Finding out when symbiosis began has been difficult 
because dinoflagellates have no hard or bony parts that 
fossilize. Instead, the researchers looked for three types 
of signatures in the coral fossils that indicate the past 
presence of algae: fossil microstructures, levels of 
different types of carbon and oxygen, and levels of two 
forms of nitrogen. 

First author Katarzyna Frankowiak of the Institute of 
Paleobiology at the Polish Academy of Sciences 
conducted the microstructural analysis with assistance 
from Marcelo Kitahara of the Federal University of Sao 
Paulo in Brazil, Maciej Mazur of the University of 
Warsaw, and Anders Meibom of the Ecole 
Polytechnique Federale de Lausanne and the Universite 
de Lausanne. Their analysis revealed regularly spaced 
patterns of growth consistent with the symbiotic corals' 
reliance on algal photosynthesis, which only takes place 
during daylight. 

Frankowiak and Anne Gothmann, who earned her Ph.D. 
from Princeton's Department of Geosciences in 2015 and 
is now a postdoctoral researcher at the University of 
Washington, measured the ratios of different types of 
oxygen and carbon and found that the results matched 
what would be expected when symbiosis occurs. 

The third approach, determining the forms of nitrogen -- 
which derive in part from the ammonium the corals had 
excreted -- was conducted by Xingchen (Tony) Wang, 
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who earned his doctoral degree in geosciences from 
Princeton in 2016 and is now a postdoctoral research 
fellow working with Sigman. 

The nitrogen atoms, which are trapped in the fossil's 
calcium-carbonate matrix, come in two forms, or 
isotopes, that vary only by how many neutrons they 
have: 14N has seven neutrons while 15N has eight 
neutrons, making it slightly heavier. By studying modern 
corals, researchers knew that symbiotic corals contain a 
lower ratio of 15N to 14N compared to non-symbiotic 
corals. The team found that the fossilized corals also had 
a low 15N-to-14N ratio, indicating they were symbiotic. 

"Although algae were not present in the fossils, they left 
behind chemical signatures," Wang said. "We found 
strong evidence that the fossilized coral were symbiotic 
and that they lived in a nutrient-poor environment. We 
were able to link the environmental conditions from 200 
million years ago to the evolution of corals." 

George Stanley, a professor of geosciences at the 
University of Montana, had earlier explored the question 
of when symbiosis first evolved in corals. "This 
confirms a hypothesis that my colleagues and I put forth 
20 years ago," said Stanley, who is familiar with the 
research but had no role in it. "It is really exciting to see 
this confirmation." 

The fossils used in the study were collected in a 
mountainous region in Antalya, Turkey. During their 
lifetime, they lived in a shallow sunlit body of water 
called the Tethys Sea. 

Stanley said the work would not have been possible 
without the coral fossils, which were remarkably well-
preserved. "These corals are such a wonderful resource 
because they are as if you picked them up off the beach 
yesterday, and this is because they were sealed in 
deposits for centuries." 

The fossil record also shows a significant reef expansion 
occurred around 205 million years ago, and this fits with 
a boost in coral growth due to the development of 
symbiosis, Stanley said. 

Story Source: Material provided by Princeton 
University. 

Journal Reference:  K. Frankowiak, X. T. Wang, D. M. 
Sigman, A. M. Gothmann, M. V. Kitahara, M. Mazur, 
A. Meibom, J. Stolarski. Photosymbiosis and the 
expansion of shallow-water corals. Science Advances, 
2016; 2 (11): e1601122 DOI: 10.1126/sciadv.1601122 
 

 
 

Geologic History of North America 
Gets Overturned 

[Editor’s Note:  This article is a follow-up to the topic 
presented in a talk given by Robert Hildebrand at NCGS 
several years ago, and presents research supporting his 
ideas.  We found a recent link to this supporting paper, 
which was originally presented in Nature in 2013.]  

It's time to redraw the map of the world during the reign 
of the dinosaurs, two scientists say.  Picture the U.S. 
West Coast as a tortured tectonic boundary, similar to 
Australia and Southeast Asia today. Erase the giant 
subduction zone researchers have long nestled against 
western North America. Drop a vast archipelago into the 
ancient Panthalassa Ocean, usually drawn as an empty 
void, the kind on which medieval mapmakers would 
have depicted fantastical beasts. 

"Now it fits together," said Karin Sigloch, a seismologist 
at Ludwig-Maximilians-University in Munich, and lead 
study author. "We've come up with a pretty different 
solution that I think will hold up." 

With a spectacularly clear look at the remnants of 
ancient subduction zones under North America, Sigloch 
and her colleague Mitch Mihalynuk have revised 200 
million years of geologic history. The results of their 
study are published in the journal Nature. 

 The old West 

The story begins 200 million years ago, just before the 
Atlantic Ocean basin first opened. North America was 
crammed into the Pangaea supercontinent and the vast 
Panthalassa Ocean covered the rest of the planet. 

Panthalassa's ocean floor has almost completely 
disappeared under North America as Earth's tectonic 
plates have shifted., so its history is somewhat cryptic. A 
few geologic clues led scientists to the prevailing model, 
contested by the new study. The puzzle pieces include 
the few remaining bits of Panthalassic ocean floor, rocks 
scattered along western North America, and remnants of 
the old oceanic crust seen under the continent, where the 
plate disappeared into the mantle, the layer of Earth 
beneath the crust. 

 After North America started shifting to the west 185 
million years ago, away from Africa and Europe, the 
prevailing model placed a subduction zone along the 
West Coast that consumed Panthalassa's huge oceanic 
tectonic plate, the Farallon plate. Imagine a setting like 
today's Andes in South America. Like a giant conveyor 
belt, the subduction zone delivered exotic terranes that 
built out the western continent. 

But for some scientists, the puzzle pieces just didn't fit 
this picture. Sigloch and Mihalynuk think they know 
why. 
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What lies beneath 

 Sigloch looked deep into the mantle, at the remnants of 
oceanic crust that remain beneath North America. In a 
subduction zone, two of Earth's tectonic plates collide 
and one slides into the mantle. The plates are colder and 
denser than the surrounding mantle rock. Seismic waves 
change their speed as they pass through the plates, 
revealing their location. No one had seen these old 
pieces of crust in this detail before because it requires 
powerful computers and very dense arrays of seismic 
monitoring equipment, both of which came about in the 
last decade. 

Sigloch discovered a vertical pile of oceanic crust 
segments stacked on top of one another like bricks. The 
massive wall runs from northwest Canada to Central 
America, and is 250 to 375 miles wide (400 to 600 
kilometers) and extends from between 500 to 1,200 
miles (800 to 2,000 km) beneath the surface. 

 These former slabs, as geologists call subducted crust, 
fix the position of Panthalassa's ancient subduction 
zones in time and space, the study shows. The slabs sunk 
vertically about 0.4 inches (1 centimeter) per year and 
have not shifted in space. Because geologists know the 
travels of North America in detail, thanks to magnetic 
stripes in the Atlantic Ocean, the researchers can pull 
back the continent and compare it to the position of 
subducted crust. 

"What this does is provide us with a time machine. The 
slabs are telling us the sites of past ocean trenches and 
the locality of island arcs, which are the building blocks 
of continents," said Mihalynuk, a geologist with the 
British Columbia Geological Survey in Canada. 

Two new plates 

What the mantle evidence shows is that as Pangaea 
broke up, out in the Panthalassa Ocean, a vast 
archipelago sat far offshore of North America. It was 
shaped like an arrowhead, 6,200 miles (10,000 km) long, 
with its tip pointing to the proto-Pacific Northwest. Two 
ocean basins sat between the archipelago and North 
America, called the Angayucham and the Mezcalera. On 
the other side of the archipelago, further to the west, was 
the Farallon plate. 

Instead of an Andes-style subduction zone, with the 
Farallon plate sliding to the east under North America, 
there was a westward-dipping subduction zone, with 
North American crust sliding beneath the Angauychum 
and Mezcalera plates. 

 "It makes perfect sense," said Robert Hildebrand, a 
geologist at the University of California, Davis, who was 
not involved in the study. "If there was eastward 
subduction, as most people would suggest, it would 
leave a bread crumb trail strewn out across the mantle. 
That's not what you see." 

As North America plowed westward, with its margin 
sinking the two plates, it rammed into the arrow point 
about 150 million years ago. This impact was 
responsible for raising the initial Rocky Mountains, 
Mihalynuk said. 

Further west of the archipelago, the Farallon ocean plate 
was descending into its own subduction zone, the mantle 
evidence indicates. 

Violent tectonics 

In fact, the entire western Panthalassic was more like the 
Southwest Pacific, where northeast Australia collides 
with islands, microcontinents disappear into the Earth, 
and there are flip-flopping subduction zones, the study 
authors said. 

"The ocean basin was not a vast abyssal plain," 
Mihalynuk told OurAmazingPlanet. "The situation is 
much more like the Southwest Pacific than offshore 
South America."  

Over time, collisions with the different subduction zones 
smeared exotic terranes along the continent's western 
margin, a rock record that has long hinted at North 
America's violent tectonic history. The history revealed 
by the mantle slabs helps explain some baffling geology, 
such as rocks carried 1,200 miles (2,000 km) from 
Mexico to Canada. "I would say that this model comes 
very close to fitting the geology," Hildebrand said. 

 Sigloch also found another, more westerly slab wall 
connected to the Cascadia trench off Washington and 
Oregon, into which the last remnant of the Farallon 
plate, now called the Juan de Fuca, is subducting. 

Mihalynuk said the new model will make waves, as it 
overturns 40 years of accepted wisdom about the 
evolution of western North America. "It will take a while 
to turn people around. That intellectual ship has a lot of 
inertia," he said. But for Mihalynuk, "this is one of those 
eureka moments." 

Story Source:  GeologyIn.com website 
http://www.geologyin.com/2016/10/geologic-history-of-
north-america-gets.html.   

Journal Reference: Sigloch, K. & Mihalynuk, M. 
Nature 496, 50–56 (2013).  
doi: 10.1038/nature.2013.12724. 
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‘Popcorn rocks’ solve the mystery of 
the magma chambers 

 
When rock fragments fall into the magma chamber, all 
fluids inside boil instantly. This is similar to what 
happens when a grain of corn turns into popcorn.
 Photograph: Börje Dahrén 

Since the 18th century, geologists have struggled to 
explain how big magma chambers form in the Earth’s 
crust. In particular, it has been difficult to explain where 
the surrounding rock goes when the magma intrudes. 
Now a team of researchers from Uppsala University and 
the Goethe University in Frankfurt have found the 
missing rocks – and they look nothing like what they 
expected. 

Researchers have previously proposed that the roofs and 
walls of magma chamber were either melted and 
assimilated into the magma, or that they would sink to 
the bottom of the magma chamber. However, there isn’t 
enough evidence for either of these hypotheses, so 
researchers now propose a third possibility. 

“We show that rock fragments from the roofs of the 
magma chambers could have been expelled, similarly to 
how popcorn is thrown out of a hot pan. We have found 
them in rocks that have been ejected in volcanic 
eruptions. The rock fragments are full of bubbles and 
have very low densities, and they look a lot like 
popcorn,” says Steffi Burchardt, researcher at the 
Department of Earth Sciences, Uppsala University. 

Looking outside the box 

When rock fragments fall into the magma chamber, they 
are rapidly heated to several hundred degrees, and all 
fluids inside boil instantly. This is similar to what 
happens when a grain of corn is put into the pan and the 
water inside boils – and we get popcorn. 

Steffi and her colleagues have now managed to show 
how the popcorn effect makes the rock fragments float 
and rise to the top of the magma chambers rather than 
sink to the bottom. The floating rock fragments are then 
found among the erupted volcanic rocks, instead of 
inside the frozen magma chambers as previously 
expected. Furthermore, the gases released from the rock 
fragments as they boil also contribute to a higher 

pressure in the magma that can help explain some of the 
more explosive eruptions. 

 
Researcher Steffi Burchardt at Payun in Argentina. 

“Sometimes you can find the solution to age-old puzzles 
by looking in new places – in this case literally looking 
outside the box. The frozen magma chambers proved to 
be the wrong place to look,” Steffi Burchardt explains. 

Story Source:  Uppsala University (Sweden) News & 
Media website. 

Full Article: Burchardt, S., Troll, V.R., Schmeling, H., 
Koyi, H., Blythe, L. (2016).  Erupted frothy xenoliths 
may explain lack of country-rock fragments in plutons.  
Scientific Reports 6:34566, DOI: 10.1038/srep34566. 
 

Missing link between the Hayward 
and Rodgers Creek faults 

The next major earthquake to strike the ~7 million 
residents of the San Francisco Bay Area will most likely 
result from rupture of the Hayward or Rodgers Creek 
faults. Until now, the relationship between these two 
faults beneath San Pablo Bay has been a mystery. 
Detailed subsurface imaging provides definitive 
evidence of active faulting along the Hayward fault as it 
traverses San Pablo Bay and bends ~10° to the right 
toward the Rodgers Creek fault. Integrated geophysical 
interpretation and kinematic modeling show that the 
Hayward and Rodgers Creek faults are directly 
connected at the surface—a geometric relationship that 
has significant implications for earthquake dynamics and 
seismic hazard. A direct link enables simultaneous 
rupture of the Hayward and Rodgers Creek faults, a 
scenario that could result in a major earthquake (M = 
7.4) that would cause extensive damage and loss of life 
with global economic impact. 

For the full article, go to:  

http://advances.sciencemag.org/content/advances/2/10/e
1601441.full.pdf  
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Journal Reference:  Watt et al. Sci. Adv. 2016;2: 
e1601441, 19 October 2016. 

Enormous dome in central Andes 
driven by huge magma body 

beneath it 

 
The Altiplano-Puna plateau in the central Andes features 
vast plains punctuated by spectacular volcanoes, such as 
the Lazufre volcanic complex in Chile seen here. 

Credit: Noah Finnegan 

A new analysis of the topography of the central Andes 
shows the uplifting of Earth's second highest continental 
plateau was driven in part by a huge zone of melted rock 
in the crust.  The Altiplano-Puna plateau is a high, dry 
region in the central Andes that includes parts of 
Argentina, Bolivia, and Chile, with vast plains 
punctuated by spectacular volcanoes. In a study 
published October 25 in Nature Communications, 
researchers used remote sensing data and topographic 
modeling techniques to reveal an enormous dome in the 
plateau. 

About 1 kilometer (3,300 feet) high and hundreds of 
miles across, the dome sits right above the largest active 
magma body on Earth. The uplifting of the dome is the 
result of the thickening of the crust due to the injection 
of magma from below, according to Noah Finnegan, 
associate professor of Earth and planetary sciences at 
UC Santa Cruz and senior author of the paper.  "The 
dome is Earth's response to having this huge low-density 
magma chamber pumped into the crust," Finnegan said. 

The uplifting of the dome accounts for about one-fifth of 
the height of the central Andes, said first author Jonathan 
Perkins, who led the study as a graduate student at UC 
Santa Cruz and is now at the U.S. Geological Survey in 
Menlo Park, Calif.  "It's a large part of the evolution of 
the Andes that hadn't been quantified before," Perkins 
said. 

The other forces uplifting the Andes are tectonic, 
resulting from the South American continental plate 
overriding the Nazca oceanic plate. The subduction zone 
where the Nazca plate dives beneath the western edge of 

South America is the source of the magma entering the 
crust and feeding volcanic activity in the region. Water 
released from the subducting slab of oceanic crust 
changes the melting temperature of the overlying wedge 
of mantle rock, causing it to melt and rise into the 
overriding plate. 

Perkins and Finnegan worked with researchers at the 
University of Arizona who had used seismic imaging to 
reveal the remarkable size and extent of the Altiplano-
Puna magma body in a paper published in 2014. That 
study detected a huge zone of melted material about 11 
kilometers thick and 200 kilometers in diameter, much 
larger than previous estimates. 

"People had known about the magma body, but it had 
not been quantified that well," Perkins said. "In the new 
study, we were able to show a tight spatial coupling 
between that magma body and this big, kilometer-high 
dome." 

Based on their topographic analysis and modeling 
studies, the researchers calculated the amount of melted 
material in the magma body, yielding an estimate close 
to the previous calculation based seismic imaging. "This 
provides a direct and independent verification of the size 
and extent of the magma body," Finnegan said. "It shows 
that you can use topography to learn about deep crustal 
processes that are hard to quantify, such as the rate of 
melt production and how much magma was pumped into 
the crust from below." 

The Altiplano-Puna Volcanic Complex was one of the 
most volcanically active places on Earth starting about 
10 million years ago, with several super-volcanoes 
producing massive eruptions and creating a large 
complex of collapsed calderas in the region. Although 
no major eruptions have occurred in several thousand 
years, there are still active volcanoes and geothermal 
activity in the region. In addition, satellite surveys of 
surface deformation since the 1990s have shown that 
uplifting of the surface is continuing to occur at a 
relatively rapid rate in a few places. At Uturuncu 
volcano located right in the center of the dome, the uplift 
is about 1 centimeter (less than half an inch) per year. 

"We think the ongoing uplift is from the magma body," 
Perkins said. "The jury is still out on exactly what's 
causing it, but we don't think it's related to a 
supervolcano." 

The growth of the crust beneath the Altiplano-Puna 
plateau, driven by the intrusion of magma from below, is 
a fundamental process in the building of continents. 
"This is giving us a glimpse into the factory where 
continents get made," Perkins said. "These big magmatic 
systems form during periods called magmatic flare-ups 
when lots of melt gets injected into Earth's crust. It's 
analogous to the process that created the Sierra Nevada 
90 million years ago, but we're seeing it now in real 
time." 
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In addition to Perkins and Finnegan, the coauthors of the 
paper include Kevin Ward, George Zandt, and Susan 
Beck at the University of Arizona and Shanaka de Silva 
at Oregon State University. This research was funded by 
the National Science Foundation. 

Story Source:  Materials provided by University of 
California, Santa Cruz.  Original written by Tim 
Stephens.  

Journal Reference:  Jonathan P. Perkins, Kevin M. 
Ward, Shanaka L. de Silva, George Zandt, Susan L. 
Beck, Noah J. Finnegan. Surface uplift in the Central 
Andes driven by growth of the Altiplano Puna 
Magma Body. Nature Communications, 2016; 7: 13185 
DOI:  10.1038/NCOMMS13185.  
 

 

Entire Himalayan arc can produce 
large earthquakes 

 
Buddhist prayer flags in the Himalaya mountains, Nepal. 
The Himalayas have produced some of the world's 
largest earthquakes, like the April 2015 Gorkha 
earthquake.     Credit: © Byelikova Oksana / Fotolia 

 
The main fault at the foot of the Himalayan mountains 
can likely generate destructive, major earthquakes along 
its entire 2,400-kilometer (1,500-mile) length, a new 
study finds. Combining historical documents with new 
geologic data, the study shows the previously unstudied 
portion of the fault in the country Bhutan is capable of 
producing a large earthquake – and did so in 1714. 

"We are able for the first time to say, yes, Bhutan is 
really seismogenic, and not a quiet place in the 
Himalayas," said György Hetényi, a geophysicist at the 
University of Lausanne, Switzerland and lead author of 
the new study accepted for publication in Geophysical 
Research Letters, a journal of the American Geophysical 
Union. 

The Himalayas have produced some of the world's 
largest earthquakes, like the April 2015 Gorkha 
earthquake that devastated Nepal. But scientists had not 

been able to prove whether every region along the 2,400-
kilometer arc was seismogenic, or capable of producing 
quakes. Bhutan was one of the last data gaps along the 
mountain chain: the country had no records of recent 
major earthquakes, and no major seismological work had 
been done there. 

Identifying a major earthquake in Bhutan in 1714, like 
the new study does, means the entire Himalayan arc has 
experienced a major earthquake in the past 500 years, 
according to the study's authors. By filling this gap, the 
new study helps the millions of residents in the region to 
understand the arc’s potential for natural hazards, 
according to Hetényi. 

"We provide a longer and therefore more representative 
record of seismicity in Bhutan, and this makes better 
hazard estimates," he said. 

A nation apart 

The highest mountain range on Earth, the Himalayas are 
the product of the Indian tectonic plate subducting under 
the Eurasian Plate. The mountains span a northwest-to- 
southeast arc roughly 2,400 kilometers (1,500 miles) 
long, more than half the distance between the U.S. east 
and west coasts. 

Throughout the 20th century, Bhutan, a small nation east 
of Nepal sandwiched between India and China, had been 
relatively isolated from the outside world and scientists 
were rarely allowed inside its borders. Until recently, 
researchers thought Bhutan could be the only major 
segment of the Himalayas not to have experienced a 
major earthquake in the last 500 years, according to 
Hetényi. 

But, after a magnitude 6 earthquake struck the country in 
2009, the government opened the door for scientists to 
perform geophysical research, Hetényi said. 

Hetényi and his colleagues made several trips to the 
country from 2010 to 2015 to catalog small earthquakes 
in the area and study how the structure of the Indian 
Plate changes as it subducts below the crushing belt of 
mountains. One question they were hoping to answer 
was whether Bhutan had historically experienced any 
major destructive earthquakes. 

Historical records of earthquakes in Bhutan are sparse, 
but by luck Hetényi stumbled upon a biography of 
famous 18th century Buddhist monk and temple builder 
Tenzin Lekpai Dondup. The biography described a 
quake in early May of 1714 that destroyed the Gangteng 
monastery that Dondup helped build. 

The biography and other historical records indicated 
there were many aftershocks, meaning it could have 
been a major quake, according to Hetényi.  However, 
this description alone did not pinpoint where the quake 
occurred. 
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"When you only have very local devastation 
descriptions, you never know whether this devastation is 
due to an intermediate earthquake that occurred locally, 
nearby the chronicler, or whether it's the result of a 
bigger earthquake that occurred over greater distances," 
said Laurent Bollinger, a geologist at the French 
Alternative Energies and Atomic Energy Commission 
who was not involved in the new study. 

While in Bhutan, several of Hetényi's colleagues dug 
trenches around the fault line to see if one side of it had 
moved vertically with respect to the other side -- which 
would be considered evidence of a major earthquake. 
That study, led by Romain Le Roux-Mallouf, a geologist 
at the University of Montpellier, France, found evidence 
of rock uplift on one side of the fault had taken place 
between 1642 and 1836. Hetényi combined the results 
from that study with historical records of the 1714 
earthquake to pinpoint where the 1714 quake happened 
and how large it was. 

Hetényi's analysis revealed that the 1714 quake likely 
caused the rock uplift his colleagues observed around the 
fault. The earthquake likely occurred in west central 
Bhutan, where most of the population lives, and had a 
magnitude of at least 7.5 to 8.5, Hetényi said. By 
comparison, the April 2015 Gorkha earthquake had a 
magnitude of 7.8.  "It's a really significant event that 
happened 300 years ago," he said. 

The results suggest the 1714 quake was significant 
enough to unzip a large segment of the thrust -- possibly 
between 100 to 300 kilometers (60 to 200 miles) of the 
fault. The new study closes the seismic gap in the 
Himalayan arc and could help scientists better 
understand the earthquake potential in the densely 
populated Himalaya region, according to Hetényi. 

Story Source:  Materials provided by American 
Geophysical Union. Note: Content may be edited for 
style and length. 

Journal Reference:  György Hetényi, Romain Le Roux-
Mallouf, Théo Berthet, Rodolphe Cattin, Carlo Cauzzi, 
Karma Phuntsho, Remo Grolimund. Joint approach 
combining damage and paleoseismology observations 
constrains the 1714 AD Bhutan earthquake at 
magnitude 8 ± 0.5. Geophysical Research Letters, 2016; 
DOI: 10.1002/2016GL071033 
 

 

 
 
 
 

Extraterrestrial impact preceded 
ancient global warming event 

 
Microtektites as first seen in a sediment sample from the 
onset of the Paeocene-Eocene Thermal Maximum. 
  Credit: Rensselaer Polytechnic Institute 

A comet strike may have triggered the Paleocene-Eocene 
Thermal Maximum (PETM), a rapid warming of Earth 
caused by an accumulation of atmospheric carbon 
dioxide 56 million years ago, which offers analogs to 
global warming today. Sorting through samples of 
sediment from the time period, researchers at Rensselaer 
Polytechnic Institute discovered evidence of the strike in 
the form of microtektites -- tiny dark glassy spheres 
typically formed by extraterrestrial impacts. The 
research will be published in the journal Science. 

"This tells us that there was an extraterrestrial impact at 
the time this sediment was deposited -- a space rock hit 
the planet," said Morgan Schaller, an assistant professor 
of earth and environmental sciences at Rensselaer, and 
corresponding author of the paper. "The coincidence of 
an impact with a major climate change is nothing short 
of remarkable." Schaller is joined in the research by 
Rensselaer professor Miriam Katz and graduate student 
Megan Fung, James Wright of Rutgers University, and 
Dennis Kent of Columbia University. 

Schaller was searching for fossilized remains of 
Foraminifera, a tiny organism that produces a shell, 
when he first noticed a microtektite in the sediment he 
was examining. Although it is common for researchers 
to search for fossilized remains in PETM sediments, 
microtektites have not been previously detected. Schaller 
and his team theorize this is because microtektites are 
typically dark in color, and do not stand out on the black 
sorting tray researchers use to search for light-colored 
fossilized remains. Once Schaller noticed the first 
microtektite, the researchers switched to a white sorting 
tray, and began to find more. 

At peak abundance, the research team found as many as 
three microtektites per gram of sediment examined. 
Microtektites are typically spherical, or tear-drop 
shaped, and are formed by an impact powerful enough to 
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melt and vaporize the target area, casting molten ejecta 
into the atmosphere. Some microtektites from the 
samples contained "shocked quartz," definitive evidence 
of their impact origin, and exhibited microcraters or 
were sintered together, evidence of the speed at which 
they were traveling as they solidified and hit the ground. 

Atmospheric carbon dioxide increased rapidly during the 
PETM, and an accompanying spike in global 
temperatures of about 5 to 8 degrees Celsius lasted for 
about 150,000 years. Although this much is known, the 
source of the carbon dioxide had not been determined, 
and little is known about the exact sequence of events -- 
such as how rapidly carbon dioxide entered the 
atmosphere, how quickly and at what rate temperatures 
began to rise, and how long it took to reach a global high 
temperature. 

One clue can be found in a sudden shift in the ratio of 
carbon isotopes (atoms containing a number of neutrons 
unequal to the protons in their nucleus) in certain fossils 
from the time period. In particular, Foraminifera, or 
"forams," produce a shell whose chemistry is 
representative of atmospheric and oceanic carbon 
isotopes. The research team initially set out to examine 
the ratio of carbon isotopes in foraminifera fossils over 
time, to more closely pinpoint events during the PETM. 

"In sediment records, when you look at the ratio of 
carbon-12 to carbon-13 in a particular species, you see 
that it's stable and then it abruptly shifts, wiggles back 
and forth and slowly returns to pre-event values over 
hundreds of thousands of years," Schaller said. "This 
evidence defines the event, and tells us that the 
atmosphere changed, in particular adding carbon from a 
source depleted in carbon-13. A comet impact on its own 
may have contributed carbon to the atmosphere, but is 
too small to explain the whole event and more likely acts 
as a trigger for additional carbon releases from other 
sources." As a source of fossils, the team used sediment 
cores -- cylinders of sediment extracted vertically from 
sediment deposits with a hollow bit -- known to 
correspond to the time period of the PETM. Sediments 
near the top are more recent, those further down are 
older, and signature layers indicating known events are 
used to calibrate the timescale represented in the sample. 
The team chose cores from three sites -- Wilson Lake 
and Millville in New Jersey, and Blake Nose, an 
underwater site east of Florida -- known for a rich 
sedimentary record of the time period. 

As Schaller tells it, the discovery of microtektites was 
"completely by accident." Ordinarily, the team passes 
samples through sieves of various sizes, to isolate 
samples most likely to contain forams. The tektites, 
which are smaller than most forams, would have been 
largely removed in this process. 

"We were having lousy luck looking for forams, and I 
was frustrated. I went to the lab and dumped a sample on 

the sorting tray without sieving it, and there it was," 
Schaller said. "It was a stunning moment. I knew what I 
was looking at was not normal." 

Once the team made the discovery, they obtained a 
sample from a fourth site -- Medford -- where the unit is 
naturally exposed at the surface, to rule out the 
possibility that the samples had been contaminated by 
the drilling process. The Medford samples also 
contained microtektites. 

Story Source:  Materials provided by Rensselaer 
Polytechnic Institute (RPI).  Original written by Mary L. 
Martialay.  

Journal Reference:  Dennis V. Kent et al. Impact 
ejecta at the Paleocene-Eocene boundary. Science, 
October 2016 DOI: 10.1126/science.aaf5466. 
  

Early humans used innovative 
heating techniques to make stone 

blades 

 
Extensive heat treatment in Middle Stone Age shows 
that controlled use of fire may have occurred at early 
stage of tool and blade production. The photo shows 
heated artefacts in silcrete made by Homo sapiens at 
Klipdrift Shelter, South Africa. 

     Credit: Katja Douze, University of the Witwatersrand 

According to a new study published in the open-access 
journal PLOS ONE, humans living in South Africa in the 
Middle Stone Age after 65,000 years ago deliberately 
heated silcrete, a hard, fine-grained, local rock used in 
stone tool manufacture, so that they could more easily 
obtain blades from the core material. 

A major effect on hunting 

These blades were then crescent shaped and glued into 
arrow heads. This era, known as the Howiesons Poort, 
has produced the first known evidence for the use of the 
bow and arrow. 
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“This is the first time anywhere that bows and arrows 
were used. This would have had a major effect on 
hunting practices as both spears and bow and arrow 
could be used to hunt animals,” says Professor 
Christopher Henshilwood.  He and Postdoctoral Fellow 
Karen van Niekerk, from the Department of 
Archaeology, History, Cultural Studies and Religion at 
the University of Bergen (UiB) in Norway, are among 
the co-authors of the study. 

Creating early transformative technology 

The heat treatment enabled early humans to produce 
tougher, harder tools – the first evidence of a 
transformative technology. However, the exact role of 
this important development in the Middle Stone Age 
technological repertoire was not previously clear.   

Novel analytical research approach 

Delagnes, Henshilwood, van Niekerk and the rest of the 
research team, from South Africa and Germany, used a 
novel non-destructive approach to analyse the heating 
technique used in the production of silcrete artefacts at 
the Klipdrift Shelter, a recently discovered Middle Stone 
Age site located on the southern Cape of South Africa, 
including unheated and heat-treated comparable silcrete 
samples from 31 locations around the site. The site was 
discovered by Henshilwood and van Niekerk and first 
excavated in 2011. 

“Based on the development of a non-destructive method 
using geological heated and unheated comparative 
reference samples, we have shown that more than 90 per 
cent of the silcrete used for the production of blades has 
been intentionally heated,” says Henshilwood. 

“Heating was applied, non-randomly, at an early stage of 
core exploitation and was sometimes preceded by an 
initial knapping stage. As a consequence, the whole 
operational chain, from core preparation to blade 
production and tool manufacturing, benefited from the 
advantages of the heating process,” explains van 
Niekerk.  The hardening, toughening effect of the 
heating step would therefore have impacted all 
subsequent stages of silcrete tool production and use. 

Heat treatment: a major asset 

The authors suggest that silcrete heat treatment at the 
Klipdrift Shelter may provide the first direct evidence of 
the intentional and extensive use of fire applied to a 
whole lithic chain of production. Along with other fire-
based activities, intentional heat treatment was a major 
asset for Middle Stone Age humans in southern Africa, 
and has no known contemporaneous equivalent 
elsewhere. 

“The advantages of the heating process are multiple: by 
reducing the material’s fracture toughness and increasing 
its hardness, less force was needed to detach blades after 

heat treatment, resulting in better control and precision 
during percussion,” explains Henshilwood. 

“An additional advantage relates to the heat-induced 
fracturing of the silcrete blocks at an early stage of core 
exploitation,” adds van Niekerk.   

Three main benefits 

According to the researchers this resulted in three main 
benefits: 

1. The elimination of internal heterogeneities (iron oxide 
inclusions), which could have caused the incidental 
breakage of the core at an advanced stage of reduction.  
2. The production of angular fragments with suitable 
angles and surfaces that can be directly exploited for 
knapping without further preparation.  3. Fewer 
constraints on the selection of the volumes to be heat-
treated.  “The heat-induced fractures we observed are 
indicative of a fast heating process using open fires, an 
hypothesis which is strengthened by the presence of 
tempering residues, deposited through direct contact of 
the heated material with glowing embers,” says van 
Niekerk. 

“This heating process marks the emergence of fire 
engineering as a response to a variety of needs that 
largely transcend hominin basic subsistence 
requirements, although it did not require highly 
specialized technical skills and was likely performed as 
part of on-site domestic activities,” says Henshilwood. 

Story Source:  Materials provided by Univesrity of 
Bergen. Original written by Sverre Ole Drønen. Note: 
Content may be edited for style and length. 

Journal Reference:  Anne Delagnes, Patrick Schmidt, 
Katja Douze, Sarah Wurz, Ludovic Bellot-Gurlet, 
Nicholas J. Conard, Klaus G. Nickel, Karen L. van 
Niekerk, Christopher S. Henshilwood. Early Evidence 
for the Extensive Heat Treatment of Silcrete in the 
Howiesons Poort at Klipdrift Shelter (Layer PBD, 65 
ka), South Africa. PLOS ONE, 2016; 11 (10): 
e0163874 DOI: 10.1371/journal.pone.0163874. 
 

Fuel from sewage is the future -- and 
it's closer than you think 

Technology converts human waste into bio-based 
fuel 

It may sound like science fiction, but wastewater 
treatment plants across the United States may one day 
turn ordinary sewage into biocrude oil, thanks to new 
research at the Department of Energy's Pacific 
Northwest National Laboratory (PNNL). 

The technology, hydrothermal liquefaction (HTL), 
mimics the geological conditions Earth uses to create 
crude oil, using high pressure and temperature to achieve 
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in minutes something that takes Mother Nature millions 
of years. The resulting material is similar to petroleum 
pumped out of the ground, with a small amount of water 
and oxygen mixed in. This biocrude can then be refined 
using conventional petroleum refining operations. 

Wastewater treatment plants across the U.S. treat 
approximately 34 billion gallons of sewage every day. 
That amount could produce the equivalent of up to 
approximately 30 million barrels of oil per year. PNNL 
estimates that a single person could generate two to three 
gallons of biocrude per year. 

Sewage, or more specifically sewage sludge, has long 
been viewed as a poor ingredient for producing biofuel 
because it's too wet. The approach being studied by 
PNNL eliminates the need for drying required in a 
majority of current thermal technologies which 
historically has made wastewater to fuel conversion too 
energy intensive and expensive. HTL may also be used 
to make fuel from other types of wet organic feedstock, 
such as agricultural waste. 

Using hydrothermal liquefaction, organic matter such as 
human waste can be broken down to simpler chemical 
compounds. The material is pressurized to 3,000 pounds 
per square inch -- nearly one hundred times that of a car 
tire. Pressurized sludge then goes into a reactor system 
operating at about 660 degrees Fahrenheit. The heat and 
pressure cause the cells of the waste material to break 
down into different fractions -- biocrude and an aqueous 
liquid phase. 

"There is plenty of carbon in municipal waste water 
sludge and interestingly, there are also fats," said 
Corinne Drennan, who is responsible for bioenergy 
technologies research at PNNL. "The fats or lipids 
appear to facilitate the conversion of other materials in 
the wastewater such as toilet paper, keep the sludge 
moving through the reactor, and produce a very high 
quality biocrude that, when refined, yields fuels such as 
gasoline, diesel and jet fuels." 

In addition to producing useful fuel, HTL could give 
local governments significant cost savings by virtually 
eliminating the need for sewage residuals processing, 
transport and disposal. 

"The best thing about this process is how simple it is," 
said Drennan. "The reactor is literally a hot, pressurized 
tube. We've really accelerated hydrothermal conversion 
technology over the last six years to create a continuous, 
and scalable process which allows the use of wet wastes 
like sewage sludge." 

An independent assessment for the Water Environment 
& Reuse Foundation calls HTL a highly disruptive 
technology that has potential for treating wastewater 
solids. WE&RF investigators noted the process has high 
carbon conversion efficiency with nearly 60 percent of 
available carbon in primary sludge becoming bio-crude. 
The report calls for further demonstration, which may 
soon be in the works. 

PNNL has licensed its HTL technology to Utah-based 
Genifuel Corporation, which is now working with Metro 
Vancouver, a partnership of 23 local authorities in 
British Columbia, Canada, to build a demonstration 
plant. 

"Metro Vancouver hopes to be the first wastewater 
treatment utility in North America to host hydrothermal 
liquefaction at one of its treatment plants," said Darrell 
Mussatto, chair of Metro Vancouver's Utilities 
Committee. "The pilot project will cost between $8 to $9 
million (Canadian) with Metro Vancouver providing 
nearly one-half of the cost directly and the remaining 
balance subject to external funding." 

Once funding is in place, Metro Vancouver plans to 
move to the design phase in 2017, followed by 
equipment fabrication, with start-up occurring in 2018. 

"If this emerging technology is a success, a future 
production facility could lead the way for Metro 
Vancouver's wastewater operation to meet its 
sustainability objectives of zero net energy, zero odors 
and zero residuals," Mussatto added. 

In addition to the biocrude, the liquid phase can be 
treated with a catalyst to create other fuels and chemical 
products. A small amount of solid material is also 
generated, which contains important nutrients. For 
example, early efforts have demonstrated the ability to 
recover phosphorus, which can replace phosphorus ore 
used in fertilizer production. 

Story Source:  Materials provided by Pacific Northwest 
National Laboratory.   

Source Citation: Pacific Northwest National 
Laboratory. "Fuel from sewage is the future -- and it's 
closer than you think: Technology converts human waste 
into bio-based fuel." ScienceDaily, 2 November 2016. 
<www.sciencedaily.com/releases/2016/11/16110213450
4.htm>. 
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(continued from page 1):  Northern Ireland and the 
Associate Director of Queen’s University Marine 
Laboratory, an interdisciplinary off-campus 
research institute. She is currently based at the 
University of California, Berkeley, in the UC 
Museum of Paleontology, on a sabbatical funded 
by a research excellence award from the European 
Commission. One aspect of her research focuses on 
the specialist adaptations that enable molluscs to 
exploit extreme environments, and adapt to 
environmental change. Using an integrative 
approach, Dr. Sigwart’s research group investigates 
the diversity and diversification of species, in 
present environments and the fossil record. 
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