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MEETING ANNOUNCEMENT

DATE: May 30, 2018
LOCATION: Orinda Masonic Center, 9 Altarinda Rd., Orinda

(see map on back page)
TIME: 6:00 – 6:45 p.m.:  Social; 6:45 – 8:00 p.m.:  Dinner; 

8:00 – 9:00 pm:  Presentation  

SPEAKER:           Dr. Isabel Montañez
UC Davis, and current President – Geological 
Society of America

TOPIC:    “Reconstructing precipitation patterns in 
California during past warmings and 
coolings of the last 20,000 years”

Records of past precipitation response in the American Southwest, 
including California, to warmings and coolings of the 20,000 years are 
important as baseline values for how precipitation patterns and source 
in this drought-prone region will change with future warming. 
Precisely dated records of the geochemical signatures of stalagmites 
from several central Sierra Nevada caves document changes in 
precipitation source and amount contemporaneously with major 
climate changes in Greenland at this time. Cool periods were overall 
wetter and fossil drip-water trapped in the stalagmites indicate a 
dominance of North Pacific-sourced storms and higher rainfall amount. 
Conversely, past warmer periods were drier and the fossil drip water 
compositions are consistent with the modern local meteoric water line.  
Past warm times were likely associated with a seasonal shift in rainfall 
and a greater contribution of yearly rainfall from atmospheric river 
events. Estimated paleo-temperatures in the central Sierran caves were 
3.6°C cooler during the last ice age than the modern mean annual 
temperature.
Paleoclimate model-data comparisons for key intervals further indicate 
changing climate dynamics governing precipitation in California in 
response to past abrupt warmings and coolings. Climate simulations 
suggest that North Pacific winter storm tracks were likely more intense 
during past cool periods and a weakened storm track during warmer 
intervals. The integrated speleothem proxy records and proxy-model 
comparisons suggest the hydrological response in California is likely 
reduced winter precipitation and a shift to a subtropical moisture source 
with global warming, with clear implications for the future. 

 (Biography on last page) 
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NCGS 2017 – 2018 Calendar
June 27, 2018   (Note change of speaker!)    7:00 
pm

Dr. Suzanne Hecker, Earthquake Science Center, 
USGS 

Recent mapping of the Rodgers Creek fault and 
associated hazards

September 26, 2018                   7:00 pm

Dr. Artie Rodgers, Lawrence Livermore National 
Laboratory

High-performance computing ground motion 
simulations of large, damaging Hayward Fault 

scenario and moderate earthquakes in the USGS 3D 
model of the San Francisco Bay Area

October 31, 2018                   7:00 pm

Program to be announced

November 28, 2018                 7:00 pm

Dr. Stephen Self, University of California – 
Berkeley

Anticipating future Volcanic Explosivity Index 
(VEI) 7 eruptions and their chilling impacts

NCGS Silent Auction
We will hold a brief “silent auction” during the social 
hour at our May dinner meeting , and again at the June 
meeting. Please send the description of any auction 
items to Paul Henshaw  (drphenshaw @ comcast.net), 
and copy Crystal Replogle (ctreplogle @ gmail.com) 
and Barb Matz (barbara.matz @ 
cbifederalservices.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!

NCGS Field Trips
Several potential field trips are being considered for 
2018.  A survey to the NCGS membership will 
determine which of these trips have the most interest.

 Ring Mountain (Marin Co.) exotic lithologies 
and exotic plants (Saturday, May 19; filled!)

 Devil's Slide (repeat of November 2017 trip) in 
May or later

 New Almaden (San Jose area) inactive mercury 
mines (late Spring)

 Point Richmond Franciscan Complex (Fall) 

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.

WE HAVE A FACEBOOK GROUP!  FIND 
US ON FACEBOOK @NCGEOLSOC AND 

TWITTER @NORCALGEOSOC

NCGS is looking for manuscript reviewers for the 
Mount Diablo Anniversary Volume planned for 
publication next year in commemoration of the 75th 
anniversary of the society, and also donations to 
help cover the cost of the volume.

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. 

Bay Area Geophysical Society
The next meeting of this society will be a seminar held 
on Monday, June 6 at 5:30 to 7:30 pm at Total Wine & 
More at 3250 Buskirk Avenue in Pleasant Hill.  Joshua 
Ronen will speak on Low Frequency Pneumatic 
Seismic Sources.  For details see: 
http://bayareageophysicalsociety.org/index.php/events
/list/.

Hey, everyone! In case you haven’t renewed your 
membership: It’s Still Renewal Time! If you haven’t 
already renewed, please use the Renewal Form on page 
13 of the March newsletter.  Either mail it in, or hand it 
to the Treasurer at meeting registration.

NCGS members are invited our next Board of 
Directors meeting at the APTIM (formerly CB&I / 
Shaw E&I) offices at 4005 Port Chicago Hwy, 
Concord, CA 94520.  The next board meeting will be 
held at this address at 8:30 am on a Saturday in 
September, and is open to all NCGS members. Please 
contact Greg Bartow if you would like to attend, at 
gregbartow@yahoo,com. 
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NCGS Outreach Events
NCGS Outreach at Cal Day, UC-Berkeley 

Saturday, April 21, 2018

The NCGS Outreach team represented our society at 
Cal Day at U.C. Berkeley. This year our Bay 
Area/Northern California rock collection was set up 
just inside of McCone Hall (home to the Geology and 
Seismological Departments). Cal Day was well 
attended and we had hundreds of interested public 
participants (mostly families with children) dropping 
by our tables who discovered the Bay Area's rich 
geology as explained by our outreach members, shown 
in the photo from left to right:  Bill Motzer, Gregg 
Croft, Mark Petrofsky, and Gary Prost.

We can still use a laptop computer, as well as nice 
specimens of LOCAL ROCKS AND MINERALS 
from the Greater Bay Area; 4”-6” cobbles of interest 
can be used for classroom activities (ones that can spark 
questions, tell stories).  

Bay Area Science
(http://www.bayareascience.org)

This website provides a free weekly emailed newsletter 
of an extensive listing of local science-based activities 
(evening lectures, classes, field trips, hikes, etc. – 
usually several per week).  

Hayward Fault - 150th Anniversary of  
Great Quake (1868)

The 150th Anniversary of the Great Hayward Fault 
Earthquake in 1868 will be on Oct 21, 2018.  Numerous 
events and tours are planned, listed at 
https://msnucleus.org/haywardfault/150_hayward.html.
If you have any questions please contact Joyce 
at blueford@msnucleus.org<mailto:blueford@msnucleu
s.org> or call (510) 790-6284. 

Association of Environmental & 
Engineering Geologists,

San Francisco Bay Area Chapter
Meeting locations rotate between San Francisco, the 
East Bay, and the South Bay.  Please check the website 
for current details. For information on monthly 
meetings as well as this year’s international congress, 
go to: http://www.aegweb.org/group/SF.

Join them for the 61st AEG Annual Meeting/13th 
IAEG Congress in San Francisco, California on 
September 15-23, 2018.

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, or often the previous Thursday to 
accommodate speakers.  On May 31 at 7 pm, Justin 
Rubinstein, USGS Research Geophysicist, will 
present a lecture titled Yes, Humans Really Are 
Causing Earthquakes!  For more information on 
the lectures, and for a map of the location, go to: 
https://online.wr.usgs.gov/calendar/.

Fracking’s negligible effects on 
groundwater

[The following abstract was posted online on May 
3, 2018; the full article, from Environmental 

Monitoring and Assessment, is referenced below.] 
Degradation of groundwater quality is a primary public 
concern in rural hydraulic fracturing areas. Previous 
studies have shown that natural gas methane (CH4) is 
present in groundwater near shale gas wells in the 
Marcellus Shale of Pennsylvania, but did not have pre-
drilling baseline measurements. Here, we present the 
results of a free public water testing program in the 
Utica Shale of Ohio, where we measured CH4 
concentration, CH4 stable isotopic composition, and pH 
and conductivity along temporal and spatial gradients 
of hydraulic fracturing activity. Dissolved CH4 ranged 
from 0.2 μg/L to 25 mg/L, and stable isotopic 
measurements indicated a predominantly biogenic 
carbonate reduction CH4 source. Radiocarbon dating of 
CH4 in combination with stable isotopic analysis of 
CH4 in three samples indicated that fossil C substrates 
are the source of CH4 in groundwater, with one 14C date 
indicative of modern biogenic carbonate reduction. We 
found no relationship between CH4 concentration or 

http://www.bayareascience.org/
https://msnucleus.org/haywardfault/150_hayward.html
mailto:blueford@msnucleus.org
mailto:blueford@msnucleus.org
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source in groundwater and proximity to active gas well 
sites. No significant changes in CH4 concentration, CH4 
isotopic composition, pH, or conductivity in water 
wells were observed during the study period. These 
data indicate that high levels of biogenic CH4 can be 
present in groundwater wells independent of hydraulic 
fracturing activity and affirm the need for isotopic or 
other fingerprinting techniques for CH4 source 
identification. Continued monitoring of private 
drinking water wells is critical to ensure that 
groundwater quality is not altered as hydraulic 
fracturing activity continues in the region. 

Journal Reference:  E. Claire Botner, 
Amy Townsend-Small, David B. Nash, Xiaomei Xu, 
Arndt Schimmelmann, and Joshua H. Miller, 
Monitoring concentration and isotopic composition 
of methane in groundwater in the Utica Shale 
hydraulic fracturing region of Ohio. Environmental 
Monitoring and Assessment, June 2018, vol. 190, p. 
322. 

Scientists decipher the magma 
bodies under Yellowstone

Computer modeling shows the presence of a 
thick crustal transition zone that may control the 
movement of magma emerging from the Earth's 

mantle
ScienceDaily, April 16, 2018

Graphic by University of Oregon scientists provides 
new structural information, based on supercomputer 
modeling, about the location of a mid-crustal sill that 
separates magma under Yellowstone.

Credit: Courtesy of Dylan Colon

Using supercomputer modeling, University of Oregon 
scientists have unveiled a new explanation for the 
geology underlying recent seismic imaging of magma 
bodies below Yellowstone National Park.

Yellowstone, a supervolcano famous for explosive 
eruptions, large calderas and extensive lava flows, has 
for years attracted the attention of scientists trying to 
understand the location and size of magma chambers 
below it. The last caldera forming eruption occurred 
630,000 years ago; the last large volume of lava 
surfaced 70,000 years ago.

Crust below the park is heated and softened by 
continuous infusions of magma that rise from an 
anomaly called a mantle plume, similar to the source of 
the magma at Hawaii's Kilauea volcano. Huge amounts 
of water that fuel the dramatic geysers and hot springs 
at Yellowstone cool the crust and prevent it from 
becoming too hot.

With computer modeling, a team led by UO doctoral 
student Dylan P. Colón has shed light on what's going 
on below. At depths of 5-10 kilometers (3-6 miles) 
opposing forces counter each other, forming a 
transition zone where cold and rigid rocks of the upper 
crust give way to hot, ductile and even partially molten 
rock below, the team reports in a paper in Geophysical 
Research Letters.

This transition traps rising magmas and causes them to 
accumulate and solidify in a large horizontal body 
called a sill, which can be up to 15 kilometers (9 miles) 
thick, according to the team's computer modeling.

"The results of the modeling matches observations 
done by sending seismic waves through the area," said 
co-author Ilya Bindeman, a professor in the UO's 
Department of Earth Sciences. "This work appears to 
validate initial assumptions and gives us more 
information about Yellowstone's magma locations."

This mid-crustal sill is comprised of mostly solidified 
gabbro, a rock formed from cooled magma. Above and 
below lay separate magma bodies. The upper one 
contains the sticky and gas-rich rhyolitic magma that 
occasionally erupts in explosions that dwarf the 1980 
eruption of Mount St. Helens in Washington state.

Similar structures may exist under super volcanoes 
around the world, Colón said. The geometry of the sill 
also may explain differing chemical signatures in 
eruptive materials, he said.

Colón's project to model what's below the nation's first 
national park, which was sculpted 2 million years ago 
by volcanic activity, began soon after a 2014 paper in 
Geophysical Research Letters by a University of Utah-
led team revealed evidence from seismic waves of a 
large magma body in the upper crust.

Scientists had suspected, however, that huge amounts 
of carbon dioxide and helium escaping from the ground 
indicated that more magma is located farther down. 
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That mystery was solved in May 2015, when a second 
University of Utah-led study, published in the journal 
Science, identified by way of seismic waves a second, 
larger body of magma at depths of 20 to 45 kilometers 
(12-27 miles).

However, Colón said, the seismic-imaging studies 
could not identify the composition, state and amount of 
magma in these magma bodies, or how and why they 
formed there. To understand the two structures, UO 
researchers wrote new codes for supercomputer 
modeling to understand where magma is likely to 
accumulate in the crust. The work was done in 
collaboration with researchers at the Swiss Federal 
Institute of Technology, also known as ETH Zurich.

The researchers repeatedly got results indicating a large 
layer of cooled magma with a high melting point forms 
at the mid-crustal sill, separating two magma bodies 
with magma at a lower melting point, much of which is 
derived from melting of the crust.

"We think that this structure is what causes the rhyolite-
basalt volcanism throughout the Yellowstone hotspot, 
including supervolcanic eruptions," Bindeman said. 
"This is the nursery, a geological and petrological 
match with eruptive products. Our modeling helps to 
identify the geologic structure of where the rhyolitic 
material is located."

The new research, for now, does not help to predict the 
timing of future eruptions. Instead, it provides a never-
before-seen look that helps explain the structure of the 
magmatic plumbing system that fuels these eruptions, 
Colón said. It shows where the eruptible magma 
originates and accumulates, which could help with 
prediction efforts further down the line.

"This research also helps to explain some of the 
chemical signatures that are seen in eruptive materials," 
Colón said. "We can also use it to explore how hot the 
mantle plume is by comparing models of different 
plumes to the actual situation at Yellowstone that we 
understand from the geologic record."

Colón is now exploring what influences the chemical 
composition of magmas that erupt at volcanoes like 
Yellowstone. Studying the interaction of rising 
magmas with the crustal transition zone, and how this 
influences the properties of the magma bodies that form 
both above and below it, the scientists wrote, should 
boost scientific understanding of how mantle plumes 
influence the evolution and structure of continental 
crust.

Journal Reference: D. P. Colón, I. N. Bindeman, T. 
V. Gerya. Thermomechanical modeling of the 
formation of a multilevel, crustal-scale magmatic 
system by the Yellowstone plume. Geophysical 

Research Letters, 2018; DOI: 
10.1029/2018GL077090. 

Plants play greater role than 
megaherbivore extinctions in changes to 

ecosystem structure 
ScienceDaily, April 16, 2018

Plants may have exerted greater influence on our 
terrestrial ecosystems than the megaherbivores that 
used to roam our landscapes, according to new 
research. Previously, scientists believed that the Late 
Quaternary extinction event, which took place between 
~11,000 and 15,000 years ago across much of northern 
Europe, played a significant role in the subsequent 
expansion of woody plants and declining nitrogen 
availability over the last 10,000 years.

But in a new study, published in Ecology Letters, 
researchers suggest the changes had already started to 
occur in Britain and Ireland at the same time these 
mammals -- such as the woolly mammoth, Giant Irish 
Deer, reindeer and wild horse -- began to die out.

They also believe that natural fires had a greater role to 
play in these processes than previously thought, and 
that the natural burning of land should be taken into 
account when considering rewilding projects in the UK 
in order to ensure the sustainability of open, fertile 
habitats for grazing animals. The research was 
conducted by academics at the University of Oxford, 
University of Plymouth, Queen's University Belfast, 
Swansea University and the Natural History Museum, 
London.

Dr Elizabeth Jeffers, from Oxford's Department of 
Zoology, led the study. She said: "Our results challenge 
the ecological argument underpinning trophic 
rewilding by showing that the fauna living in these 
regions at the end of the last glacial period were unable 
to stem the expansion of woody plants across the 
northern hemisphere."

For the study, scientists produced an unprecedented 
amount of ecological and climatic information 
(spanning the transition from the Late Pleistocene to 
the middle Holocene period, 16,000 to 4,800 years ago) 
for five study sites in England, Scotland and Ireland. 
Their dataset included: proxy measurements of plant 
and large herbivore biomass; nitrogen availability; 
growing season temperatures; and fire activity.

Two-thirds of the region's megaherbivore species 
became extinct during this time; using previously 
available fossil bone data of these species, the authors 
applied statistical modelling to their dataset in order to 
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investigate the relative impacts of plants, herbivores, 
fire, and summer temperatures on ecosystem structure 
and function.

They found that shrubs were consistently one of the 
strongest predictors of ecosystem change, with 
increasing shrub biomass reducing ecosystem-scale 
nitrogen availability and promoting the growth and 
expansion of trees. Natural fires, not herbivory, were 
the most significant factor in reversing these effects, 
however, declining fire activity in the early Holocene 
enabled shrubs (and ultimately trees) to dominate 
terrestrial ecosystems.

The findings provide new empirical evidence for the 
long-term ecosystem engineering effects of woody 
plants and demonstrate the importance of burning for 
maintaining the structure and function of open 
ecosystems in northern biomes.

Dr Nicki Whitehouse, Associate Professor (Reader) in 
Physical Geography at the University of Plymouth and 
one of the senior authors of the study, added: "This 
research started when we became interested in the 
ecological consequences of the megaherbivore 
extinctions. It led us to look at a range of ecological 
processes that may have been affected by the loss of 
these species, including decreasing levels of nitrogen 
as a nutrient. "What we have found could have 
significant conservation management consequences; 
people talk about using large grazing animals to 
maintain open, fertile habitats, but in fact you need a 
range of different processes including burning. In the 
past, fire played an important role in maintaining some 
of our open ecosystems and grasslands and it should be 
considered again as an important management tool 
particularly as part of any rewilding programmes 
planned across the UK and beyond."

Journal Reference: Elizabeth S. Jeffers, N.J. 
Whitehouse, A. Lister, G. Plunkett, P. Barratt, E. 
Smyth, P. Lamb, M.W. Dee, S.J. Brooks, K.J. Willis, 
C.A. Froyd, J.E. Watson, M. B. Bonsall. Plant 
controls on Late Quaternary whole ecosystem 
structure and function. Ecology Letters, 2018; DOI: 
10.1111/ele.12944. 

As tellurium demands rise, so do 
contamination concerns

ScienceDaily, April 25, 2018
As technology advances, demands for tellurium, a rare 
element, are on the rise. Some forms of tellurium are 
toxic, so as the element finds applications in solar 
panels, rubber production, electronics and more, 
researchers are becoming concerned about possible 
environmental contamination. Now, one group reports 

in ACS' Environmental Science & Technology that by 
studying lake sediments they can construct a history of 
tellurium as it was deposited in the environment.

According to the U.S. Geological Survey, Canada is the 
leading supplier of tellurium to the U.S. While 
tellurium can be found naturally at low concentrations 
in the Earth's crust and oceans, it is frequently released 
into the environment as a by-product of metal 
production, as well as from the mining and burning of 
coal and oil. Since some forms of tellurium can be 
harmful, Johan A. Wiklund, Jane L. Kirk and 
colleagues wanted to find out how widespread 
tellurium was in the environment.

The team collected and dated sediment cores from 
lakes in Canada near metal smelting operations, coal 
mining facilities, oil sands mining sites, rural locations 
and remote natural sites. The concentrations of 
tellurium in rural Alberta, near oil sands were mostly 
steady and low, but a remote site in eastern Canada 
showed a modest rise during the 20th century. In a 
remote location in Ontario, modern tellurium 
deposition rates were seven-fold higher in the 20th 
century and compatible with tellurium concentration 
measurements in precipitation, leading the group to 
conclude that the atmospheric deposition history of 
tellurium was documented through the lake sediments. 
In lakes near the coal mining sites, the tellurium 
concentrations were only above the detection limits 
after coal-fired electrical generation began in the area 
around 1910. In lakes near the copper smelting 
operations, the tellurium concentrations increased over 
100 times after the opening of the smelter in 1930. As 
tellurium is growing in popularity, the researchers say 
that this study is a first step toward understanding how 
the element, a potential pollutant, can build up in the 
environment.

Journal Reference: Johan A. Wiklund, Jane L. Kirk, 
Derek C. G. Muir, Jacques Carrier, Amber Gleason, 
Fan Yang, Marlene Evans, Jonathan Keating. 
Widespread Atmospheric Tellurium 
Contamination in Industrial and Remote Regions of 
Canada. Environmental Science & Technology, 2018; 
DOI: 10.1021/acs.est.7b06242.
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Earth's orbital changes have 
influenced climate, life forms for at 

least 215 million years
Gravity of Jupiter and Venus elongates Earth's 

orbit every 405,000 years, Rutgers-led study 
confirms

ScienceDaily, May 7, 2018

Every 405,000 years, gravitational tugs from Jupiter 
and Venus slightly elongate Earth's orbit, an amazingly 
consistent pattern that has influenced our planet's 
climate for at least 215 million years and allows 
scientists to more precisely date geological events like 
the spread of dinosaurs, according to a Rutgers-led 
study.  The findings are published online today in the 
Proceedings of the National Academy of Sciences.

"It's an astonishing result because this long cycle, 
which had been predicted from planetary motions 
through about 50 million years ago, has been confirmed 
through at least 215 million years ago," said lead author 
Dennis V. Kent, a Board of Governors professor in the 
Department of Earth and Planetary Sciences at Rutgers 
University-New Brunswick. "Scientists can now link 
changes in the climate, environment, dinosaurs, 
mammals and fossils around the world to this 405,000-
year cycle in a very precise way."

The scientists linked reversals in the Earth's magnetic 
field -- when compasses point south instead of north 
and vice versa -- to sediments with and without zircons 
(minerals with uranium that allow radioactive dating) 
as well as to climate cycles.

"The climate cycles are directly related to how the 
Earth orbits the sun and slight variations in sunlight 
reaching Earth lead to climate and ecological changes," 
said Kent, who studies Earth's magnetic field. "The 
Earth's orbit changes from close to perfectly circular to 
about 5 percent elongated especially every 405,000 
years."

The scientists studied the long-term record of reversals 
in the Earth's magnetic field in sediments in the Newark 
basin, a prehistoric lake that spanned most of New 
Jersey, and in sediments with volcanic detritus 
including zircons in the Chinle Formation in Petrified 
Forest National Park in Arizona. They collected a core 
of rock from the Triassic Period, some 202 million to 
253 million years ago. The core is 2.5 inches in 
diameter and about 1,700 feet long, Kent said.

The results showed that the 405,000-year cycle is the 
most regular astronomical pattern linked to the Earth's 
annual turn around the sun, he said.

Prior to this study, dates to accurately time when 
magnetic fields reversed were unavailable for 30 
million years of the Late Triassic. That's when 
dinosaurs and mammals appeared and the Pangea 
supercontinent broke up. The break-up led to the 
Atlantic Ocean forming, with the sea-floor spreading as 
the continents drifted apart, and a mass extinction event 
that affected dinosaurs at the end of that period, Kent 
said.

"Developing a very precise time-scale allows us to say 
something new about the fossils, including their 
differences and similarities in wide-ranging areas," he 
said.

Journal Reference:  Dennis V. Kent, Paul E. Olsen, 
Cornelia Rasmussen, Christopher Lepre, Roland 
Mundil, Randall B. Irmis, George E. Gehrels, 
Dominique Giesler, John W. Geissman, and William 
G. Parker. Empirical evidence for stability of the 
405-kiloyear Jupiter–Venus eccentricity cycle over 
hundreds of millions of years. PNAS, 2018 DOI: 
10.1073/pnas.1800891115. 

Earth's magnetic field is not about 
to reverse

ScienceDaily, April 30, 2018

Intensity at Earth's surface (left) and radial field (Br) at 
the CMB (right). Top: mid-point of the Laschamp 
excursion; bottom: mid-point of the Mono Lake 
excursion. The field is truncated at spherical harmonic 
degree five. Credit: University of Liverpool

A study of the most recent near-reversals of the Earth's 
magnetic field by an international team of researchers, 
including the University of Liverpool, has found it is 
unlikely that such an event will take place anytime 
soon.

There has been speculation that the Earth's 
geomagnetic fields may be about to reverse , with 
substantial implications, due to a weakening of the 
magnetic field over at least the last two hundred years, 
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combined with the expansion of an identified weak area 
in the Earth's magnetic field called the South Atlantic 
Anomaly, which stretches from Chile to Zimbabwe.

In a paper published in the Proceedings of the National 
Academy of Sciences, a team of international 
researchers model observations of the geomagnetic 
field of the two most recent geomagnetic excursion 
events, the Laschamp, approximately 41,000 years ago, 
and Mono Lake, around 34,000 years ago, where the 
field came close to reversing but recovered its original 
structure.

The model reveals a field structures comparable to the 
current geomagnetic field at both approximately 
49,000 and 46,000 years ago, with an intensity structure 
similar to, but much stronger than, today's South 
Atlantic Anomaly (SAA); their timing and severity is 
confirmed by records of cosmogenic nuclides. 
However, neither of these SAA-like fields developed 
into an excursion or reversal.

Richard Holme, Professor of Geomagnetism at the 
University of Liverpool, said: "There has been 
speculation that we are about to experience a magnetic 
polar reversal or excursion. However, by studying the 
two most recent excursion events, we show that neither 
bear resemblance to current changes in the 
geomagnetic field and therefore it is probably unlikely 
that such an event is about to happen.

"Our research suggests instead that the current 
weakened field will recover without such an extreme 
event, and therefore is unlikely to reverse."

The strength and structure of the Earth's magnetic field 
has varied at different times throughout geological 
history. At certain periods, the geomagnetic field has 
weakened to such an extent that it was able to swap the 
positions of magnetic north and magnetic south, whilst 
geographic north and geographic south remain the 
same.

Called a geomagnetic reversal, the last time this 
happened was 780,000 years ago. However, 
geomagnetic excursions, where the field comes close to 
reversing but recovers its original structure, have 
occurred more recently.

The magnetic field shields the Earth from solar winds 
and harmful cosmic radiation. It also aids in human 
navigation, animal migrations and protects 
telecommunication and satellite systems. It is 
generated deep within the Earth in a fluid outer core of 
iron, nickel and other metals that creates electric 
currents, which in turn produce magnetic fields.

Journal Reference: Maxwell Brown, Monika Korte, 
Richard Holme, Ingo Wardinski, Sydney Gunnarson. 

Earth’s magnetic field is probably not reversing. 
Proceedings of the National Academy of Sciences, 
2018; 201722110 DOI: 10.1073/pnas.1722110115. 

Sub-sea rift spills secrets to seismic 
probe

Study yields first clues about internal structure 
of Galicia margin

 ScienceDaily, April 26, 2018

The Galicia group -- from left, Rice graduate student 
Nur Schuba, alumnus Ara Alexanian and graduate 
research assistant Mari Tesi Sanjurjo -- discuss the 
northwest portion of the 3-D seismic volume at Rice's 
Visualization Lab. Credit: Gary Linkevich/Rice University

The first study to spring from a Rice University-led 
2013 international expedition to map the sea floor off 
the coast of Spain has revealed details about the 
evolution of the fault that separates the continental and 
oceanic plates.

A paper in Earth and Planetary Science Letters by Rice 
graduate student Nur Schuba describes the internal 
structure of a large three-dimensional section of the 
Galicia, a non-volcanic passive margin between 
Europe and the Atlantic basin that shows no signs of 
past volcanic activity and where the crust is remarkably 
thin.

That thinness made it easier to capture 3-D data for 
about 525 square miles of the Galicia, the first 
transition zone in the world so analyzed.

Sophisticated seismic reflection tools towed behind a 
ship and on the ocean floor enabled the researchers to 
model the Galicia. Though the rift is buried under 
several hundreds of meters of powdered rock and 
invisible to optical instruments, seismic tools fire sound 
into the formation. The sounds that bounce back tell 
researchers what kind of rock lies underneath and how 
it's configured.

Among the data are the first seismic images of what 
geologists call the S-reflector, a prominent detachment 



9

fault within the continent-ocean transition zone. They 
believe this fault accommodated slipping along the 
zone in a way that helped keep the crust thin.

"The S-reflector, which has been studied since the '70s, 
is a very low-angle, normal fault, which means the slip 
happens due to extension," Schuba said. "What's 
interesting is that because it's at a low angle, it shouldn't 
be able to slip. But it did.

"One mechanism people have postulated is called the 
rolling hinge," she said. "The assumption is that an 
initially steep fault slipped over millions of years. 
Because the continental crust there is so thin, the 
material underneath it is hot and domed up in the 
middle. The initially steep fault started rolling and 
became almost horizontal.

"So with the help of the doming of the material coming 
from below and also the continuous slip, that's how it 
is likely to have happened," Schuba said.

The large data set also provided clues about 
interactions between the detachment fault and the 
serpentinized mantle, the dome of softer rock that 
presses upward on the fault and lowers friction during 
slippage. The researchers believe that led the Galicia to 
evolve differently, weakening faults and allowing for 
longer durations of activity.

The research is relevant to geologists who study land as 
well as sea because detachment faults are common on 
land, Schuba said. "One of my advisers, (adjunct 
faculty member) Gary Gray, is jazzed about this 
because he says you can see these faults in Death 
Valley and Northern California, but you can't ever see 
them fully because the faults keep going underground. 
You can't see how deep they go or how the fault zones 
change or how they're associated with other faults.

"But a 3-D dataset is like having an MRI," she said. 
"We can bisect it any way we want. It makes me happy 
that this was the first paper to come out of the Galicia 
data and the fact that we can see things no one else 
could see before."

Journal Reference:  C. Nur Schuba, Gary G. Gray, 
Julia K. Morgan, Dale S. Sawyer, Donna J. Shillington, 
Tim J. Reston, Jonathan M. Bull, Brian E. Jordan. A 
low-angle detachment fault revealed: Three-
dimensional images of the S-reflector fault zone 
along the Galicia passive margin. Earth and 
Planetary Science Letters, 2018; 492: 232 DOI: 
10.1016/j.epsl.2018.04.012.

Meteorite diamonds tell of a lost 
planet

ScienceDaily, April 18, 2018

Meteorite sample.
Credit: © 2018 EPFL / Hillary Sanctuary

Using transmission electron microscopy, EPFL 
scientists have examined a slice from a meteorite that 
contains large diamonds formed at high pressure. The 
study shows that the parent body from which the 
meteorite came was a planetary embryo of a size 
between Mercury and Mars. The discovery is published 
in Nature Communications.

On October 7, 2008, an asteroid entered Earth's 
atmosphere and exploded 37 km above the Nubian 
Desert in Sudan. The asteroid, now known as "2008 
TC3," was just over four meters in diameter. When it 
exploded in the atmosphere, it scattered multiple 
fragments across the desert. Only fifty fragments, 
ranging in size from 1-10 cm, were collected, for a total 
mass of 4.5 kg. Over time, the fragments were gathered 
and catalogued for study into a collection named 
Almahata Sitta (Arabic for "Station Six," after a nearby 
train station between Wadi Halfa and Khartoum).

The Almahata Sitta meteorites are mostly ureilites, a 
rare type of stony meteorite that often contains clusters 
of nano-sized diamonds. Current thinking is that these 
tiny diamonds can form in three ways: enormous 
pressure shockwaves from high-energy collisions 
between the meteorite "parent body" and other space 
objects; deposition by chemical vapor; or, finally, the 
"normal" static pressure inside the parent body, like 
most diamonds on Earth.

The unanswered question, so far, has been the planetary 
origin of 2008 TC3 ureilites. Now, scientists at Philippe 
Gillet's lab at EPFL, with colleagues in France and 
Germany, have studied large diamonds (100-microns 
in diameter) in some of the Almahata Sitta meteorites 
and discovered that the asteroid came from a planetary 
"embryo" whose size is between Mercury to Mars.
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The researchers studied the diamond samples using a 
combination of advanced transmission electron 
microscopy techniques at EPFL's Interdisciplinary 
Centre for Electron Microscopy. The analysis of the 
data showed that the diamonds had chromite, 
phosphate, and iron-nickel sulfides embedded in them 
-- what scientists refer to as "inclusions." These have 
been known for a long time to exist inside Earth's 
diamonds, but are now described for the first time in an 
extraterrestrial body.

The particular composition and morphology of these 
materials can only be explained if the pressure under 
which the diamonds were formed was higher than 20 
GPa (giga-Pascals, the unit of pressure). This level of 
internal pressure can only be explained if the planetary 
parent body was a Mercury- to Mars-sized planetary 
"embryo," depending on the layer in which the 
diamonds were formed.

Many planetary formation models have predicted that 
these planetary embryos existed in the first million 
years of our solar system, and the study offers 
compelling evidence for their existence. Many 
planetary embryos were Mars-sized bodies, such as the 
one that collided with Earth to give rise to the Moon. 
Other of these went on to form larger planets, or 
collided with the Sun or were ejected from the solar 
system altogether. The authors write "This study 
provides convincing evidence that the ureilite parent 
body was one such large 'lost' planet before it was 
destroyed by collisions some 4.5 billion years ago."

Journal Reference: Farhang Nabiei, James Badro, 
Teresa Dennenwaldt, Emad Oveisi, Marco Cantoni, 
Cécile Hébert, Ahmed El Goresy, Jean-Alix Barrat, 
Philippe Gillet. A large planetary body inferred from 
diamond inclusions in a ureilite meteorite. Nature 
Communications, 2018; 9 (1) DOI: 10.1038/s41467-
018-03808-6.

Scientists discover first super salty 
subglacial lakes in Canadian Arctic

Super salty water beneath ice could serve as a 
terrestrial analogue for a habitat for life on other 

planets

ScienceDaily, April 11, 2018
More than half a kilometre beneath the Devon Ice Cap, 
scientists discovered two lakes whose extreme saltiness 
could make them a habitat for microbes--an 
environment that might also exist on Jupiter's icy moon 
Europa.    Credit: Martin Sharp

An analysis of radar data led scientists to an unexpected 
discovery of two lakes located beneath 550 to 750 

metres of ice underneath the Devon Ice Cap, one of the 
largest ice caps in the Canadian Arctic. They are 
thought to be the first isolated hypersaline subglacial 
lakes in the world.

"We weren't looking for subglacial lakes. The ice is 
frozen to the ground underneath that part of the Devon 
Ice Cap, so we didn't expect to find liquid water," said 
Anja Rutishauser, PhD student at the University of 
Alberta, who made the discovery while studying 
airborne radar data acquired by NASA and The 
University of Texas Institute for Geophysics (UTIG) to 
describe the bedrock conditions underneath the Devon 
Ice Cap. Ice penetrating radar sounding measurements 
are based on electromagnetic waves that are sent 
through the ice and reflected back at contrasts in the 
subsurface materials, essentially allowing scientists to 
see through the ice.

"We saw these radar signatures telling us there's water, 
but we thought it was impossible that there could be 
liquid water underneath this ice, where it is below -
10C."

While there are more than 400 known subglacial lakes 
in the world, concentrated primarily in Antarctica with 
a few in Greenland, these are the first found in the 
Canadian Arctic. And unlike all the others -- which are 
believed to contain freshwater -- these two appear to 
consist of hypersaline water. Rutishauser explained 
that the source of the salinity comes from salt-bearing 
geologic outcrops underneath the ice.

Rutishauser collaborated with her PhD supervisor, 
UAlberta glaciologist Martin Sharp and University of 
Texas geophysicist Don Blankenship as well as other 
scientists from University of Texas at Austin, Montana 
State University, Stanford University, and the Scott 
Polar Research Institute to test her hypothesis. The 
bodies of water -- roughly eight and five kilometres 
squared, respectively -- exist at temperatures below 
freezing and are not connected to any marine water 
sources or surface meltwater inputs, but rather are 
hypersaline, containing water four to five times saltier 
than seawater, which allows the water to remain liquid 
at these cold temperatures.

These newly discovered lakes are a potential habitat for 
microbial life and may assist scientists in the search for 
life beyond earth. Though all subglacial lakes are good 
analogues for life beyond Earth, the hypersaline nature 
of the Devon lakes makes them particularly tantalizing 
analogues for ice-covered moons in our solar system.

"We think they can serve as a good analogue for 
Europa, one of Jupiter's icy moons, which has similar 
conditions of salty liquid water underneath -- and 
maybe within -- an ice shell," said Rutishauser.
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"If there is microbial life in these lakes, it has likely 
been under the ice for at least 120,000 years, so it likely 
evolved in isolation. If we can collect a sample of the 
water, we may determine whether microbial life exists, 
how it evolved, and how it continues to live in this cold 
environment with no connection to the atmosphere."

Rutishauser believes that similar salty rock outcrops 
occur underneath other Canadian Arctic ice caps. 
"Although the Devon hypersaline subglacial lakes are 
very unique discoveries, we may find networks of 
brine-rich subglacial water systems elsewhere in the 
Canadian Arctic."

Rutishauser and her colleagues are now partnering with 
The W. Garfield Weston Foundation to undertake a 
more detailed airborne geophysical survey over the 
Devon Ice Cap this spring to derive more information 
about the lakes and their geological and hydrological 
contexts. For three generations, The W. Garfield 
Weston Foundation has pursued its mission to enhance 
and enrich the lives of Canadians. With a focus on 
medical research, the environment, and education, the 
Foundation aims to catalyze inquiry and innovation to 
bring about long-term change. 

Journal Reference:  Anja Rutishauser, Donald D. 
Blankenship, Martin Sharp, Mark L. Skidmore, Jamin 
S. Greenbaum, Cyril Grima, Dustin M. Schroeder, 
Julian A. Dowdeswell, Duncan A. Young. Discovery 
of a hypersaline subglacial lake complex beneath 
Devon Ice Cap, Canadian Arctic. Science Advances, 
2018; 4 (4): eaar4353 DOI: 10.1126/sciadv.aar4353 
2017GL076561. 

Ancient skull shows early 'baleen 
whale' had teeth

ScienceDaily, May 10, 2018

This image shows a life-like reconstruction of 
Llanocetus denticrenatus, an ancient 'baleen' whale.

Credit: Carl Buell

Today's baleen whales (Mysticetes) support their 
massive bodies by filtering huge volumes of small prey 
from seawater using comb-like baleen in their mouths 
much like a sieve. But new evidence reported in the 
journal Current Biology on May 10 based on careful 
analysis of a 34-million-year-old whale skull from 
Antarctica -- the second-oldest "baleen" whale ever 
found -- suggests that early whales actually didn't have 
baleen at all. Their mouths were equipped instead with 
well-developed gums and teeth, which they apparently 
used to bite large prey.

"Llanocetus denticrenatus is an ancient relative of our 
modern gentle giants, like humpback and blue whales," 
says Felix Marx of the Royal Belgian Institute of 
Natural Sciences. "Unlike them, however, it had teeth, 
and probably was a formidable predator."

"Until recently, it was thought that filter feeding first 
emerged when whales still had teeth," adds R. Ewan 
Fordyce at the University of Otago in New Zealand. 
"Llanocetus shows that this was not the case."

Like modern whales, Llanocetus had distinctive 
grooves on the roof of its mouth, the researchers 
explain, which usually contain blood vessels that 
supply the baleen. In Llanocetus, however, those 
grooves cluster around tooth sockets, where baleen 
would have been useless and at risk of being crushed.

"Instead of a filter, it seems that Llanocetus simply had 
large gums and, judging from the way its teeth are 
worn, mainly fed by biting large prey," Marx says. 
"Even so, it was huge: at a total body length of around 
8 meters, it rivals some living whales in size."

The findings suggest that large gums in whales like 
Llanocetus gradually became more complex over 
evolutionary time and, ultimately, gave rise to baleen. 
That transition probably happened only after the teeth 
had already been lost and whales had switched from 
biting to sucking in small prey -- as many whales and 
dolphins now do. Marx and Fordyce suggest that baleen 
most likely arose as a way to keep such small prey 
inside the mouth more effectively.

Soft tissues, including baleen, normally rot away, 
making it difficult to study their evolution. As a result, 
researchers must rely on indicators preserved on the 
bones, such as tell-tale grooves or lumps indicating the 
position of a muscle, or holes for the passage of 
particular blood vessels and nerves.

"Llanocetus presents a lucky combination, where the 
shape of the bones, small features suggesting the course 
of soft tissues, and tooth wear all combine to tell a clear 
story," Fordyce says. "Crucially, Llanocetus is also 
extremely old and lived at the very time when 

http://dx.doi.org/10.1126/sciadv.aar4353
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Mysticetes first appeared. As such, it provides a rare 
window into the earliest phase of their evolution."

In the new study, Fordyce and Marx found that the 
broad rostrum of Llanocetus had sharp, widely spaced 
teeth with marked tooth wear suggesting that they wer 
used to bite and shear prey. As in living Mysticetes, the 
palate bears many grooves, which have commonly 
been interpreted as evidence for baleen. However, the 
researchers showed that those grooves instead 
converged on the bony tooth sockets, suggesting a peri-
dental blood supply to well-developed gums, rather 
than racks of baleen.

The findings show that the evolution of filter feeding 
wasn't as straightforward as previously thought, the 
researchers say. They'd now like to sort out when filter 
feeding and baleen first evolved.  "The giants of our 
modern ocean may be gentle, but their ancestors were 
anything but," Marx says. "Llanocetus was both large 
and a ferocious predator and probably had little in 
common with how modern whales behave."

Journal Reference: R. Ewan Fordyce, Felix G. Marx. 
Gigantism Precedes Filter Feeding in Baleen Whale 
Evolution. Current Biology, 2018; DOI: 
10.1016/j.cub.2018.04.027. 

http://dx.doi.org/10.1016/j.cub.2018.04.027
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NORTHERN CALIFORNIA GEOLOGICAL SOCIETY

NCGS DINNER MEETING — Wednesday May 30, 2018
Orinda Masonic Center, 9 Altarinda Road, Orinda, CA

Reconstructing precipitation patterns in California during past warmings and 
coolings of the last 20,000 years

Dr. Isabel Montañez, UC Davis, and President – Geological Society of America

 (Reservations are required by May 25, 2017; Limit 100 persons)
We are sorry, but we will not be able to accommodate “walk-ins”

The NCGS is pleased to host this special dinner meeting with Dr. Montañez.  The dinner, catered by 
Back Forty Texas BBQ, will include Pork Ribs and BBQ Chicken, Tossed Green Salad, Potato Salad, 
BBQ Beans, Ranch Rolls, and Fresh Corn Cobettes. A Vegetarian Burger is available upon request (see 
below). Homemade desserts will be provided, as well as wine, beer, and non-alcoholic beverages.  

Dr. Isabel Montañez is a field geologist and geochemist whose research interests are in the 
sedimentary record of coupled physical and chemical variation in paleo-oceans, global biogeochemical 
cycling in marine and terrestrial records, and carbonate fluid-rock interaction in sedimentary basins 
using stratigraphy, petrography and geochemistry, including stable and radiogenic isotopes and trace 
elements.  Dr. Montañez was named the recipient of the Geological Society of America’s 2017 
Laurence L. Sloss Award, the society’s highest honor in sedimentary geology.  The award recognizes 
lifetime achievements that best exemplify those of the award’s namesake, a former president of the 
society and a professor at Northwestern University who died in 1996.

************************************ Dinner Logistics **************************************

Social Hour: 6:00 – 6:45 pm; Dinner: 6:45 – 8:00 pm; Presentation: 8:00 – 9:00 pm
Cost:  $25/person Dinner Options: Regular BBQ or Vegetarian Burger (select below)

********************************* Registration *****************************************

Name(s):

E-mail:  Phone: 

Number Attending:  @ $25 each = Amount Enclosed:

Indicate number of people for: Regular BBQ Dinner:  or Vegetarian Burger: 

Please clip and mail this registration form with a check made out to NCGS to:
Barbara Matz, NCGS, 803 Orion #2, Hercules CA  94547
Questions?   barbara.matz@aptim.com or (415) 713-8482

mailto:barbara.matz@aptim.com
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Northern California Geological Society
c/o Mark Sorensen
734 14th Street, #2
San Francisco, CA  94114

Virginia Tech alumna Isabel Montañez (PhD, 1990) is a 
sedimentary geologist and geochemist at the University 
of California, Davis, where she is Chancellor’s 
Leadership Professor in the Department of Earth and 
Planetary Sciences. Isabel's work focuses on 
understanding Earth's climate history through the 
development of quantitative proxies for paleoclimate. 
She has published more than 125 peer-reviewed papers 
in the world's top scientific journals, and her work has 
been cited more than 5,000 times by other scholars. She 
has a special interest in "icehouse-to-greenhouse" 
climate transitions, and her first-authored paper in 
Science on deglaciation in the late Paleozoic has been 
marked as a "highly cited paper" by the Web of 
Science, placing it in the top 1% of all published papers 
in Earth science. 
Isabel has won numerous awards in her career, 
including the 2017 Laurence L. Sloss Award of the 

Map Courtesy of Dan 
Day

Geological Society of America, which honors lifetime achievement in sedimentary geology (thus continuing a Hokie 
tradition, as this award has also recently been awarded to Emeritus Professor Fred Read and alumnus John Grotzinger). 
She has also been elected a Fellow of the Geochemical Society, the American Association for the Advancement of Science, 
and the Geological Society of America, and been awarded the James Lee Wilson Medal for Excellence in Sedimentary 
Geology (the Society of Sedimentary Geology's Young Scientist Award).

Isabel is the current president of the Geological Society of America -- an elected position that exemplifies the high regard 
in which she is held by the international Earth science community.

Would you like to receive the NCGS newsletter by e-mail?  If you are not already doing so, and would 
like to, please contact Tom Barry at tomasbarry@aol.com to sign up for this free service.

mailto:tomasbarry@aol.com

